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ABSTRACT 

Two experiments were conducted on sown grass/clover 

swards (Loliufn perenne - Trifolium repens) to study the 

effect of domestic animal species (sheep, goats and cattle) 

on sward canopy structure and diet selection and animal 

performance of a subsequent grazing species. 

In Experiment 1, the effects of continuous grazing by 

sheep, goats or cattle at a sward surface height of 6 cm 

from mid-May to late July (Phase 1) were assessed. From 

late July until the end of August (Phase 2) swards were 

continuously grazed at 6 cm by sheep or goats. 

Sward composition and structure were measured by a 

stratified clipping technique taking account of short, 

medium and tall areas on the basis of their mean sward 

surface heights and separated into grass and clover 

morphological components. In Phase 2 the diet selected by 

oesophageally fistulated goats and sheep was measured. 

Swards previously grazed by cattle tended to have a higher 

percentage of clover than those previously grazed by sheep 

and by goats both in the whole sward and on the sward 

surface at the end of Phase 1 (sward: 11.8% versus 9.5% and 

8.8% respectively; sward surface: 18.2% versus 11.1% and 

7 . 60% respectively) . This was particularly related to 

higher amounts of clover in short and tall areas. During 

Phase 2 sheep ingested a significantly higher percentage 

clover from cattle -grazed swards (cattle: 29.7%, sheep: 

13.3% and goats: 12.6%; p<0.001) whereas the diet of the 

goats contained 17.3%, 14.0% and 18.9% from cattle, sheep 

and goats -grazed swards respectively. Furthermore, during 

Phase 2, there was a greater overall increase in the clover 

percentage on swards grazed by goats than in those grazed 

by sheep. Both sheep and goats ingested more clover from 
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tall areas of the sward with 32.2% and 20.1% of te 

variation in the percentage of clover in their die t-- s 

respectively attributed to the percentage of clover preserLt 

in these areas. 

In Experiment 2 ewes and lambs or yearling goats 

continuously grazed swards maintained at 4 or 8 cm swa.d 

height from mid-May to late July (Phase 1). From mil;_  

Augustto end September (Phase 2) weaned lambs continuous .-Y 

grazed the swards, at 4 cm as in Phase 1 (treatment 44 

cm) , 8 cm as in Phase 1 (treatment 8-8 cm) or at 8 ':m 

following an increase from 4 to 8 cm over 21 days between 

Phases 1 and 2 (treatment 4-8 cm) . Measurements of swa.d 

composition and structure were made using similar 

procedures as in Experiment 1. Also, during Phase L, 

measurements of diet selection (using oesophageaiY 

fistulated lambs) and herbage intake (using the n-alka.e 

technique) and live-weight gain were made. 

By the end of Phase 1 grazing by goats resulted .n 

significantly higher clover percentages than grazing y 

sheep in the whole sward (p<O.OS) and on the sward surf a.ce 

(p<O.00l). Therefore at the beginning of Period 2 the---e 

was a higher percentage clover in swards previously grazed 

by goats than by sheep (37.5% versus 23.8%; p<O.00l) whie 

percentage clover was also higher on swards allowed to grow 

from 4 cm to 8 cm than on the other sward height treatmerS 

(39.5% versus 26.2% and 26.2% on the 4-8 cm, 4-4 cm and -8 

cm height treatments respectively; p<0.001) . During Phase 

2 weaned lambs grazing swards previously grazed by goa.cS 

had a higher percentage clover in their diet (33.1% verzUS 

17.6%; p<O.00l) , higher herbage intake (1.42 versus 1. 12 

kg DM/day; p<O.00l) and higher live weight gains (186 .7 

versus 141.2 g/d; p<O.00l) than those grazing swards 

previously grazed by sheep. Sward height treatment a--so 

affected animal responses. In Phase 2, weaned larbs 
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selected a higher percentage clover from the 4-8 cm 

treatment than from the 8-8 cm and 4-4 cm treatments (37.6% 

versus 22.2% and 16.2% respectively; p<0.001) and this was 

associated with higher herbage intakes (1. 66, 1.19 and 0.97 

kg DM/ha respectively; p<0.001) and higher lamb live weight 

gains (206.5 versus 179.8 and 105.6 g/d respectively; 

p<O.00l). All of these animal responses were closely 

related with the percentage of clover present on the sward 

surface. 

It is concluded that cattle and goats may be used in 

preference to sheep in sequential grazing systems to 

enhance the contribution of clover in grass/clover swards 

and to increase the performance of animals such as weaned 

lambs which may subsequentially graze these swards. 
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CHAPTER 1 

INTRODUCTION 

Humankind has historically fostered and relied upon 

livestock grazing for a substantial portion of its 

livelihood because it is the principal process capable of 

converting the energy and protein in grassland vegetation 

into nutrients directly consumable by humans (Briske and 

Heitschmidt, 1991). Grazing lands provide essentially all 

the nutrients for numerous species of large wild 

herbivores, and the majority of the nutrients for domestic 

ruminants (Morley, 1981); 71% of the metabolizable energy 

(ME) and 67% of the crude protein consumed by British 

ruminant livestock are derived from grazing and conserved 

grass (Holmes, 1989) . The study of the different biological 

components of grazing systems and their interactions are 

essential for understanding the gap between the potential 

and actual performance of grasslands (Pearson and Ison, 

1989; Painter, Detling and Steingraeber, 1993) 

The range of plants or plant parts eaten is determined 

by an array of plant, animal and environmental factors but 

primarily depends on what is on offer and the requirements 

of the grazer (Gordon and lason, 1989). The importance of 

the diet selected and of the level of behavioural 

regulation of intake by ruminants has been appreciated by 

many researchers (Ailden and Whittaker, 1970; 5tobbs, 

1973a,b, 1975a,b; Hodgson, 1977; Jamieson and Hodgson, 

1979a,b) but detailed knowledge of the animal-sward 
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interface is still limited. 

Furthermore, most of the studies conducted have been 

of limited value in understanding the influence of sward 

canopy structure on the ingestive behaviour and herbage 

intake of herbivores because, in general, pasture 

characteristics, such as herbage mass, height, density and 

digestibility, are inseparably associated, confounding the 

relationships. Also in many studies, the swards have been 

in a dynamic state, and hence variations in intake are 

difficult to attribute to pasture characteristics because 

height and density, as well as nutritive value, undergo 

change simultaneously. Many of the relationships between 

sward variables and intake have, therefore, been derived 

under steady state conditions, for instance on continuous 

grazing systems, e.g. Hodgson (1981), or short term grazing 

of carefully manipulated or artificial swards (Black and 

Kenney, 1984; Burlinson and Hodgson, 1985; Laca, Ungar, 

Seligman and IJeinment, 1992a; Laca, Ungar, Seligman, Ramey 

and Deinment, 1992b; McNaughton, 1992; Gross, Hobbs and 

Wunder, 1993a; Gross, Shipley, Hobbs, Spalinger and Wunder, 

1993b) . Also, the traditional use of stocking rate (or 

associated variables such as grazing pressure or herbage 

allowance) as the experimental treatment does not allow the 

determination of interpretable input - output relationships 

because the sward state continually changes over the 

grazing season (Hodgson, 1985b). 

Thus, there is a need to define more closely for each 

agriculturally important animal species the patterns and 

ranges of sensitivity in the ingestive behaviour and 

herbage intake responses in relation to changes in sward 

variables to manage temperate grasslands efficiently to 

achieve either agricultural or environmental objectives. 

Furthermore complementary grazing of populations of 

ruminant species potentially can produce biologically and 
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economically more efficient systems. Sown swards of 

ryegrass/white clover offer a simple model to test 

hypotheses concerned with the understanding of diet 

selection and foraging strategy of species such as goats, 

cattle and sheep with the objective of achieving more 

efficient use of vegetation resources. Sequential grazing 

of different species in such grasslands could provide a 

basis for higher efficiency of pasture utilization in 

agricultural management systems. 

Consequently the main aims of the two experiments 

discussed in this thesis were: 

- to study the effect of animal species (cattle, sheep and 

goats) grazing at a common sward height on sward canopy 

structure and on the subsequent diet selected by sheep and 

goats. 

- 
to measure the effect on diet selection, herbage intake 

and animal performance of weaned lambs grazing 

ryegrass/white clover swards previously grazed by sheep or 

goats at three different sward heights. 



CHAPTER 2 

LITERATURE REVIEW 

2.1. Introduction. 

The objective of this review is to concentrate on key 

factors influencing diet selection and herbage intake by 

sheep, cattle and goats and their impact on grass/clover 

swards. The review starts with a general description of 

the sward structure of temperate grass/clover swards 

(Section 2.2) considering firstly the growth units of 

perennial ryegrass and white clover plants followed by a 

discussion of the factors which affect sward dynamics. The 

effects caused by defoliation are also assessed. In this 

section special attention is focused on the structure of 

the sward canopy and on its composition with references to 

its digestibility and variability in height. That leads 

to a discussion of diet selection (Section 2.3) and herbage 

intake (Section 2.4) and how they are affected by sward 

conditions and animal factors. The importance of the 

spatial arrangement of the sward components in the canopy 

is then discussed. Section 2.5 involves a description of 

management strategies using more than one animal species 

(sequential and complementary grazing regimes) with a 

particular interest in identifying the scope for the 

manipulation of white clover in mixed grass/clover swards. 

Finally, a short section (2.6) concludes with a summary of 

the main issues reviewed and identifies the main objectives 

of the research described in this thesis. 
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This review does not cover in detail all aspects of 

animal, sward and environmental factors which define the 

ingestive behaviour and intake of ruminants in different 

ecosystems. Only when it is needed to make a particular 

point or illustrate a principle, are grassland ecosystems 

other that sown grass/clover swards considered briefly. 

2.2. Grass/Clover swards. 

2.2.1. Pasture components. 

Temperate pastures are a heterogeneous mix of plant 

species which are principally populations of grasses, 

legumes and other broadleaved herbaceous plants whose 

foliage forms a short, dense canopy (Hodgson, 1990). The 

components vary in chemical composition and proportions of 

leaf, stem, seed-head, dead and senescing material 

depending upon the stage of maturity, season and many other 

factors (Hughes, 1990) 

Characteristically, in successful grassland plants, 

the buds from which growth takes place are situated close 

to ground level where they are protected from direct damage 

by defoliation or trampling (Hodgson, 1990). Further, the 

development of new plant tissue from these growing points 

is a virtually continuous process so long as climatic 

conditions allow (Hodgson,1990). 

Plant growth is an irreversible, quantitative increase 

in size, accompanied by changes in plant form, structure 
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and general state of complexity of the plant (Vallentine, 

1990) . Growth is localized in meristems capable of cell 

division and occurs through the subsequent enlargement of 

the existing cells. The life cycle of a herbage plant is 

divided into two developmental phases: vegetative and 

reproductive. A species may be found in more than one 

developmental pattern according to whether meristems are 

seen to be producing further leaves or flowers. 

2.2.1.1. Grass. 

There is a great diversity of species in pastures, but 

the Gramineae dominate and give their name to the 

ecosystem: grasslands. From this family, only about 40 are 

extensively cultivated in pastures (Hubbard, 1984; Leaf e, 

1988; Holmes, 1989) 

2.2.1.1.1. Morphology. 

Briske (1986, 1991) defines the phytorners as the 

modular units of growth in grass plants, which consist of 

a blade, a sheath, an internode, an axillary bud or 

potential bud and a node (Figure 2.1). Phytomers in 

graminoids are organized into tillers - basic units of 

production. Hierarchically, tillers are composed of a 

single growing point (apical meristem), a stem, leaves, 

roots, nodes (joints) and dormant buds with the potential 

for producing a seedhead (Langer, 1972; Korte, Chu and 

Field, 1987; Robson, Parsons and Williams, 1989; 

Vallentine, 1990) 



Figure 2.1. The grass tiller. 

Illustration of an established plant of perennial 

rygrasS with four tillers 

stylized cross-section of a vegetative 

tiller 
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(b) (From Hodgson, 1990) 
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Variation in tiller architecture among tall, mid- and short 

grasses does not originate from a major deviation in the 

pattern of developmental morphology, but rather results 

from a variable number and/or size of phytomers determining 

cumulative tiller height (Briske, 1989, 1991) . This 

spatial arrangement of tillers within the grass plant, in 

addition to morphological variation within individual 

tillers, is a major determinant of architectural variation 

within the grass growth form and of the configuration and 

size of the plant (Robson, Ryle and Woledge, 1988; Briske, 

1991) 

Branching or tillering shows distinct seasonal 

patterns, influenced by temperature, radiation and light 

quality (Thomas and Davies, 1978; Grant, Barthram and 

Torvell, 1981a; Grant, King, Barthram and Torvell, 1981b; 

Robson, 1981; Robson et al., 1988; Hunt and Easton, 1989). 

New tillers appear in an intermittent process which may be 

brought about by the defoliation of the plant and the 

consequent improvement in illumination at the base of the 

sward (Davies, Evans and Esley, 1983; Hodgson, 1990) . The 

rate of growth of new tillers depends on the level of 

interception of radiation related to plant and sward 

structure (Arosteguy, Hodgson, Souter and Barthram, 1983; 

Bircham and Hodgson, 1984; Grant and King, 1984; Treacher, 

Orr and Parsons, 1986), carbon balance (Thomas and Davies, 

1978), environmental conditions (Tallowin, 1981; Grant and 

King, 1984; Culleton, 1988) and grassland management 

Culleton and Lemaire, 1985; Curil and Wilkins, 1985; 

Lantinga, 1986; Treacher et al., 1986; Orr, Parsons, 

Penning and Treacher, 1988). 

Finally, during the reproductive phase, the 

development of new leaves ceases once stem elongation 

commences, while the rates of herbage production reach 

higher levels because of the plant tissue accumulated in 



the extended stem, developed flower-stem and expanded seed 

head (Davies, 1971; Davies and Thomas, 1983; Hodgson, 

1990). Parsons and Robson (1982) have related the 

physiological basis of the superiority of the growth rate 

of reproductive ryegrass over the growth rate of vegetative 

swards to the expansion of the reproductive leaves and to 

their high weight per unit area. 

In grass/clover swards in the United Kingdom, the 

principal sown grass species is usually perennial ryegrass 

(Loliurn perenne) although other sown species present may 

include Italian ryegrass (Lolium mulliflorum), Cocksfoot 

(Dactylis glomerata), Timothy (Phleurn pratense) and Tall 

fescue (Festuca arundinacea). 

2.2.1.2. White clover. 

White clover (Trifolium repens) is usually sown in 

pastures in Northern Europe and has been introduced into 

North America and New Zealand as a cultivated plant where 

it contributes around 10-20% of the herbage produced 

annually (Davies, 1992). 

2.2.1.2.1. Morphology. 

White clover plants develop from seed, with a short 

primary stem, carrying a rosette with trifoliate leaves and 

a tap root (Thomas, 1987; Robson et al., 1989; Hay, Newton 

and Thomas, 1991) . The rooted stolon is considered to be 

the modular unit of growth (Figure 2.2; Korte et al., 1987; 

Thomas, 1987), although Bircham (1981) defined 'growing 

point as an aggregation of two or more petioles associated 



with active stolon formation. 

Stolons arise in the axils of leaves on the primary 

stem, grow close to the soil surface and consist of 

internodes and nodes, each with a leaf, bud and sometimes 

roots (Robson et al., 1989). At the tip of the stolon, an 

apical region produces new leaves, internodes and buds. 

From buds, daughter stolons, which may branch themselves, 

can develop on the main stolon (Korte and Harris, 1987; 

Thomas, 1987) . Robson et al. (1989) pointed out that the 

primary stem or tap root normally survives for less than 

18 months such that each daughter stolon is then the unit 

of spread through the sward. 

Leaf production (at a rate of one leaf every 3-4 days 

in favourable conditions) and stolon branching are 

dependent on temperature (Sackville-Hamilton and Harper, 

1989; Sackville-Hamilton, 1990), light (Solangaarachi and 

Harper, 1987; Thompson and Harper, 1988, Grant, Torvell, 

Sim and Small, 1991), flower initiation (Brougham, 1962) 

and also day length, soil water and wind in exposed areas 

(Frame and Newbould, 1986), whereas differentiation 

processes and plant size are mainly governed by light 

factors (Brougham, 1962; Newton, Hay, Thomas and Dick, 

1992) 

White clover produces a succession of flowers 

throughout the summer from axillary buds in place of branch 

stolons when day-length and temperature conditions are 

favourable. 
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2.2.1.3. Grass/Clover balance. 

When two or more species grow together in a community, 

they interact with one another (Hodgson, 1990; Langer, 

1990; Menchaca and Conolly, 1990) and compete for specific 

environmental resources that affect growth and development, 

e.g. water, plant nutrients, light (Langer, 1990). These 

environmental or abiotic factors are also affected by the 

sward structure (Turkington, Hamilton and Gliddon, 1991; 

Thompson, 1993; Trernmel and Bazzaz, 1993) and different 

management regimes. The importance of these effects and 

of the interaction between these factors changes according 

to the different stages of the species' life and with the 

balance of species composition achieved (Harris, 1987; 

Robson et al., 1989; Marriott and Grant, 1990). 

This competition is conditioned by basic morphological 

and physiological differences between grasses and clover 

plants (Marriott and Grant, 1990) 

2.2.1.3.1. Physiological responses. 

White clover has developed characteristics such as 

(i) rapid attainment of light interception by horizontal 

leaf arrangement and canopy adjustments arising from 

changes of petiole length, (ii) the ability to spread 

widely by stolon growth and explore both the soil and 

aerial environment, (iii) a different growth periodicity 

from that of ryegrass and (iv) the used of fixed 

atmospheric N rather than mineral N from the soil (Harris, 

1987) 

Ryegrass and white clover have different temperature 
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responses and different seasonal growth patterns (Davies, 

1992) . White clover's optimum temperature for growth is 

around 27'C (Brougham, Ball and Williams, 1978) whereas 

ryegrass peaks at 15-20 T. Also, white clover has a lower 

rate of growth than ryegrass at temperatures below 15'C, 

resulting in white clover starting to grow 2-3 weeks later 

in spring and to cease earlier in autumn than many 

perennial ryegrass cultivars used in the United Kingdom. 

These differences in threshold and optimum temperature for 

growth of perennial ryegrass and white clover are such that 

in early spring and autumn, ryegrass is capable of faster 

growth than white clover while the reverse is the case in 

summer (Marriot and Grant, 1990; Grant et al., 1991). 

With high temperatures or low light intensities, 

clover produces large and thin, typically 'shade', leaves 

on elongated petioles (Robson et al., 1989; Barthram, Grant 

and Elston, 1992) . Petiole extension from a meristem 

positioned below the leaflets depends on the light 

environment within the sward. Thus, each leaf in turn is 

positioned in high intensity light close to the top of the 

canopy by the time its leaflets are unfolded (Dennis and 

Woledge, 1985). Leaf production is affected by the number 

of growing points at the beginning of the growth period and 

the proportion from younger stolons in the total population 

(Dennis, Woledge, Culhane and Stokes, 1984; Barthram et 

al., 1992). 

Grass leaves are generally erect absorbing the light 

more evenly throughout the canopy than the horizontal 

clover leaves. This horizontal arrangement is advantageous 

when clover petioles are able to extend and maintain their 

laminae near the sward surface (Hay, 1983; Hay, Chapman, 

Hay, Pennel, Woods and Fletcher, 1987). However this does 

not occur in early spring and autumn (Marriott and Grant, 

1990) because, at these times, low temperatures inhibit 
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petiole extension (Marriott and Grant, 1990) and clover 

leaves occupy a low position within the canopy (Hodgson, 

1990) 

Once white clover is actively growing, however, its 

proportion in the sward steadily increases with a higher 

rate of growth than grass because of differences in 

specific leaf area and pattern of leaf extension (Parsons, 

Harvey and Woledge, 1991b) 

Application of fertiliser-N to mixed perennial 

ryegrass-white clover swards generally results in a 

decrease in the population density of white clover (Frame 

and Newbould, 1986; Frame and Boyd, 1987; Barthram et al., 

1992; Caradus, Pinxterhuis, Hay, Lyons and Hoglund, 1993) 

because of a reduction in nitrogen-fixing activity of 

clover (Marriott and Grant, 1990). However moderate spring 

applications at up 40 kg/ha of nitrogenous fertiliser do 

not necessarily have this effect (Laidlaw, Teuber and 

Withers, 1992; Conolly, 1993). The ryegrass population 

density remains constant when N is applied (Marriott and 

Grant, 1990), thus affecting the grass/clover balance in 

a mixed sward (Frame, 1987). 

Furthermore, in grass/white clover pastures, white 

clover is more ' sensitive'  to deficiencies of plant 

nutrients than grass, hence decline in white clover growth 

and vigour is likely if, for example, soil pH falls, or if 

soil P or K concentrations decrease substantially (Frame, 

1987) . Part of this sensitivity is probably due to its 

lower root mass relative to grass and its root morphology 

(smaller root hairs and root cylinder) 
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2.2.1.3.2. Grazing tolerance. 

Plant species like ryegrass and white clover, do not 

grow or respond to grazing as isolated individuals, but 

rather as members of a grassland population (Parsons, 

Harvey and Johnson, 1991a; Parsons et al, 1991b; Harris, 

1990) . Grazing alters competitive interactions in the 

balance of grass/legume swards (Grant and Hodgson, 1986) 

Species like white clover, grazed more severely than less 

preferred species, are disadvantaged. Moreover, ryegrass 

and white clover may have different abilities to grow 

following a period of defoliation because of various 

tolerance mechanisms (Harris, 1990) 

Research has been carried out on grasses in general, 

and ryegrass in particular, on morphological and 

physiological tolerance mechanisms which facilitate growth 

following defoliation. For instance, compensatory 

photosynthesis rate (Nowak and Caldwell, 1984), 

reallocation of carbon reserves (Caldwell, Richards, 

Johnson, Nowak and Dzurec, 1981) and carbohydrate reserves 

(Richards and Caldwell, 1985), reduction of the 

transpirational area (McNaughton, 1983), suppression of 

root growth may change their functional responses 

(Caldwell, Richards, Manwaring and Eissenstat, 1987), and 

mechanisms of rapid leaf replacement may develop (Briske, 

1991) . A detailed description of this research is, 

however, outside the scope of this review. 

In general, defoliation by grazing or cutting 

suppresses apical dominance and more light reaches the base 

of the sward. When the frequency and severity of 

defoliation are increased, a reduction in tiller and leaf 

angle and in pseudostem length are likely to occur, 

resulting in a prostrate sward (Hodgson, 1981; Ungar, 
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Seligman and Dernment, 1992). On regrowth the form of the 

sward, defined by the orientation, shape, thickness and 

density of the leaves is a major determinant of light 

interception (}-Iepp-Kuschel, 1989) 

Although the growth rate of the grass depends on these 

factors, the branching rate of clover stolons may be 

unaffected because they have the ability to accumulate 

energy reserves (Davies and Evans, 1990) . The capacity to 

spread horizontally by growth of stolons is an important 

characteristic for the competitive ability of white clover 

(Harris, 1987) and allows it to invade unoccupied areas 

while evading removal during defoliation (Hay, Brock and 

Fletcher, 1983; Brock, Hay, Thomas and Sedcole, 1988; Hay, 

Newton and Thomas, 1991; Brink and Pederson, 1993). Taller 

swards have a greater stolon extension rate (Barthram et 

al., 1992) resulting in a more rapid invasion of new areas. 

White clover leaves are normally not severely shaded since 

successive petioles adjust to the increased height of the 

sward canopy (Dennis and Woledge, 1982, 1983), although 

severe grazing by sheep may limit the capacity of white 

clover for assimilation and colonisation of neighbouring 

areas (Clark, Rolston, Lambert and Budding, 1984). Briseflo 

de la Hoz and Wilman (1981) observed that white clover 

plants under sheep grazing responded by reducing the amount 

of stolon, and the length of the internodes, petioles and 

leaflets. Stolons were thinner and closer to the ground. 

When sward height was lowered to 4 cm, white clover 

dimensions were reduced, compared with 8 cm swards. 

Aide (1993) suggests that residual leaf area is the 

factor which may be the most important in determining 

vegetative regrowth after defoliation. It is largely a 

function of the number, source, and location of meristems 

within a plant following defoliation (Briske, 1991) 

Furthermore, Gill, Beever and Osbourn (1989), found that 
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ryegrass tends generally to have higher proportions of leaf 

and a higher proportion of leaf to stem on regrowth than 

other temperate grass species. 

Grazing management also influences the competitive 

balance of species by influencing the seasonality or total 

numbers of new tillers by affecting axillary bud 

development (Brock and Fletcher, 1993) . Species grazed 

throughout their entire growth period are placed at a 

competitive disadvantage in the presence of species 

possessing growth periods which do not coincide entirely 

with the grazing season. The population of ryegrass 

tillers in an intermittently defoliated sward usually 

increases to a peak in the spring, declines rapidly over 

the flowering season and then remains roughly constant 

until the following spring (Hodgson, 1990). Removal of a 

large portion of the photosynthetic surfaces from a grass 

plant apparently reduces the amount of resources available 

for tiller growth irrespective of the mechanisms regulating 

the tillering process e.g. apical dominance, light quality, 

etc. (Olson and Richards, 1988; Richards, Mueller and Mott, 

1988; Busso, Mueller and Richards, 1989; Hodgson, 1990) 

In contrast, Hodgson (1990) concluded that in continuously 

stocked ryegrass swards, tiller populations are relatively 

stable and remain at a higher level throughout the growing 

period. 

In general, in a continuous grazing regime during 

periods of high pasture availability, high stocking rates 

and close frequent defoliation favours white clover, while 

low stocking rates and lax, infrequent defoliation 

encourages ryegrass. Grant, Barthram, Torvell, King and 

Smith (1983) showed experimentally that a reduction in 

space as a result of increased tiller density could 

restrict clover growing point numbers. In contrast, under 

intermittent defoliation King, Sim and Grant (1984) found 
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that the rate of regrowth of ryegrasses under various 

defoliation treatments increased with higher leaf area 

index (LAI: the ratio of the leaf surface area of a pasture 

and the area of the ground on which it is growing). They 

obtained a maximum weight of herbage harvested between LAI 

2 and 3; i.e. regrowth is faster under lax grazing, 

although the tiller density decreases and senescence 

increases (Bircham and Hodgson, 1983; Grant et al., 1983; 

Parsons, Leafe, Collett, Penning and Lewis, 1983) 

However, Grant and Barthram (1990) showed that the 

grass/clover balance can be altered by incorporating a 

period of rest from grazing through enhancing the content 

of the clover component because of its greater capacity for 

growth during the rest period. 

Finally, within grazing systems, processes such as 

treading, excretion and defoliation are interdependent 

factors of different relative importance at various times 

that can modify the botanical composition of the sward. 

(Forbes, 1982; Curil and Wilkins, 1983; Forbes and 

Hodgson, 1985b; Frame, 1987; Marriott and Grant, 1990; 

Barthram et al., 1992; Deenen and Middelkoop, 1992). 

Excretion of nitrogen either in faeces or urine boosts the 

ryegrass content of swards (Frame, 1987; Davies, 1988) 

Applications of N fertiliser in the spring and the summer 

reduce dramatically the number of clover growing points and 

increase the amount of dead clover stolons (Grant and 

Marriott, 1989), creating patchiness of clover in mixed 

swards. Treading can also cause a reduction in clover 

content associated with stolon burial (Marriot and Grant, 

1990) , resulting in changes in species balance especially 

on wet heavy soils under high grazing pressures (Barthram 

et al., 1992 ) . These buried stolons are more prone to 

decomposition (Marriott and Smith, 1992) 

Overall, changes in plant species composition alter 



the quantity, quality and variability of plant production. 

Differing responses to defoliation between ryegrass and 

clover can be attributed to the differential expression of 

tolerance mechanisms. This section has shown that in mixed 

swards the growth of clover relative to grass and, 

therefore, its population density and percentage 

contribution to the sward can be increased by the 

imposition of appropriate defoliation regimes, although 

additional effects of treading and excretal return must 

also be considered. These responses are also highly 

influenced by the architecture of the sward canopy: the 

subject of the next section. 

2.2.2. Sward canopy structure. 

Since swards consist of a mosaic of leaf and stem 

distributed vertically as well as horizontally (Forbes, 

1982; Davies, 1989), a knowledge of variables such as 

digestibility, chemical composition and herbage quantity 

with respect to this structure is important in 

understanding the process of diet selection and herbage 

intake within and between plant communities. 

The sward canopy concept "carries with it connotations 

of the distribution and arrangement of the various plant 

parts" (Hodgson, 1979). A grass sward has therefore not 

only biomass but a highly organised structure which changes 

with season and management. Changes in the structure can 

modify rates of dry matter production, the degree to which 

the sward is utilized and the feeding value of the herbage 

(Davies, 1977; Hodgson, 1984; Laca, Distel, Griggs and 

Demment, 1994a) 

The various morphological aspects of sward structure 
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and their variables (height and digestibility) will be 

addressed in this section. 

2.2.2.1. Vertical arrangement. 

Leaf growth takes place principally from the base of 

a sward and young leaves must penetrate the overlying 

vegetation before they can reach the light. Hodgson, 

(1990) described how live leaf is concentrated in the upper 

layers of the sward, and stem and sheath material in the 

lower layers. As the young live material overtop older 

leaves, a developing sward will steadily increase in height 

if it is not grazed. Dead leaf becomes concentrated close 

to the soil surface. The density of plant material (mass 

per unit volume of space occupied), therefore, increases 

rapidly from the sward surface downwards. Thus, as Hodgson 

(1990) concluded, a substantial proportion of the total 

amount of the herbage is concentrated close to the soil 

surface and in the root zone. 

Clover stolons are normally concentrated close to the 

ground surface but the proportion of clover foliage 

increases progressively from the lower to the upper layers 

of the sward canopy because clover leaves are usually 

arranged in a horizontal plane at the ends of the slender 

petioles in contrast to the lanceolate leaves of grass 

plants, many of which are aligned at an angle close to 

vertical as described by Harris (1987) and Hodgson (1990). 

Thus, as Robson et al. (1989) showed, clover usually has 

a greater proportion of its leaf area in the upper layers 

of the canopy than does grass. 

As explained above (Section 2.2.1.3.1 and Section 

2.2.1.3.2), the location of clover leaves has important 
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consequences for utilisation and survival. Since young 

fully expanded clover leaves are photosynthetically 

efficient and tend to begin their active lives in high 

light intensity at the top of the canopy (Dennis and 

Woledge, 1985) , in terms of its ability to intercept and 

utilise light efficiently (Section 2.2.1.3.1), clover would 

seem more likely to "shade out" grass than the other way 

around (Robson et al., 1989). This also means, as Hodgson 

(1990) pointed out, that defoliation at any level within 

the sward canopy, will have a more serious effect on the 

clover than on the grass component of the sward. 

2.2.2.2. Sward height. 

As defined by Bircham (1981) and Hodgson (1981) sward 

height is a measure of the average height of the lamina 

above ground level and is related to (1) the leaf area 

available for trapping sunlight which affects grass growth 

rate, (ii) the proportion of grass leaves which age and die 

without being utilised, (iii) the total amount of grass 

available for grazing and, hence (iv) the amount of grass 

which can be eaten by the grazer and (v) individual animal 

performance (Lowman and Swift, 1984) . It also reflects 

plant morphological responses to growth and the defoliation 

process (Gibb and Ridout, 1986). It thus provides an 

effective way of summarizing sward conditions, such as 

variations in leafiness, particularly under continuously 

stocked swards (Hodgson, 1990) and relates closely to 

animal responses (Illius, Wood-Gush and Eddison, 1987). 

Within a defined system of management, sward height and 

herbage mass tend to vary together (Bircham and Hodgson, 

1983; Hodgson, 1990) 
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2.2.2.3. Digestibility. 

Digestibility determines the intrinsic quality of 

herbage, describing the potential to supply energy to 

grazing animals. 

Quality is a term which encompasses the chemistry and 

structure of the feed. Influences on the quality of forage 

are the plant species present and their nutritive value 

(Morley, 1981; Wheeler and Mochrie, 1981; Van Soest, 1982) 

There are wide differences in digestibility between plant 

families, species, their different morphological components 

within species and particularly due to the physiological 

state of these components (Armstrong and Milne, 1993) . For 

instance, legumes have less cell walls than grasses, hence 

contain lower concentrations of both cellulose, 

hemicellulose and silica, so that they have a higher 

digestibility value. In general, their presence in the 

sward will increase the total digestibility of the herbage 

on offer. 

Stems have greater proportions of structural 

carbohydrates and lignin in all forages, while leaves have 

greater proportions of cell contents and crude protein than 

stems. The highest quality is associated with the most 

metabolically active tissues (live leaves, stems, flowers, 

etc.) or storage tissue (seeds, fruits and roots), and so 

a higher proportion of nutrients are available in live 

plant material than in dead (Van Soest, 1982) . Similarly, 

live leaf is of higher quality than live stem because of 

its greater photosynthetic activity (Huston and Pinchack, 

1991) 

Whether the plant is in the vegetative or in the 

reproductive phase affects the proportion of leaf to stem 
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in the plant, and has a major effect on its chemical 

composition (Gill et al., 1989). As the plant matures the 

proportion of cell contents decrease (the proportion of 

protein, lipid and mineral matter in the DM decreases) and 

the proportion of cell wall increases mainly in the stem 

and inflorescence (Gill et al., 1989). Therefore, 

concurrent changes in the leaf/stem ratio occur as a plant 

matures. Environmental conditions in turn can modify 

quality by affecting the rate at which these processes 

occur. 

From the information above it can be seen that a sward 

has variation in digestibility not only through its species 

composition but also through its sward structure. 

Vegetative tillers of grass carry the youngest leaves near 

the sward surface and, thus, the top surface horizons of 

vegetative grass swards usually have a higher digestibility 

than the lower horizons. However, in contrast, the 

development of reproductive material results in the 

formation of an upper horizon of floral parts supported by 

the flower stems and hence a lower digestibility of the top 

surface horizons of the sward. 

This pattern of distribution of digestibility will 

also depend upon the way in which the sward has been 

managed (Hodgson, 1990). In a continuously stocked sward 

the senescent material is accumulated below the height of 

defoliation thus depressing herbage digestibility of the 

lower horizons, but above it most of the herbage consists 

of fresh, younger leaves and is more digestible (Hodgson, 

1977; Grant, Suckling, Smith, Torvell, Forbes and Hodgson, 

1985) 

In summary, the arrangement of plant components within 

a sward canopy means that the digestibility of successive 

layers of herbage within a vegetative sward is likely to 

23 



decline with increasing proximity to ground level. 

2.3. Diet selection. 

What the grazing animal actually ingests is a complex 

phenomenon determined by the animal, by the plants offered 

to the animal, and by the environment in which selection 

occurs. When an animal grazes a plant in the foraging 

process, a hierarchy of instinctive responses and 

behavioural actions have been taken by it that leads to the 

point of prehension and consumption (Crawley, 1983; Senft, 

Coughenour, Bailey, Tittenhouse, Sala and Swift, 1987; 

Senft, 1989; McNaughton, 1992) 

Each pasture (landscape unit) is composed of a complex 

of different habitats or distinct groupings of plant 

species in communities. These habitats are delimited by 

the type of plant species present, their spatial 

arrangement, and structural configuration. They can be 

further delineated into patches which contain more 

homogeneous groupings of species (Senft et al., 1987; 

Stuth, 1991; Demment and Laca; 1993). When the animal has 

oriented itself in a habitat it must decide when to lower 

its head and establish a feeding station (site selection) 

along its grazing path. Within the feeding station, the 

animal must then select from among the individual plant 

species, those it will consume, and beyond that which of 

the plant parts will be eaten (Demment, Laca and Greenwood, 

1987; Laca, Distel, Griggs, Deo and Demment, 1993) 

Therefore, the diet selection process has two major levels 

that must be clearly distinguished, spatial choice (grazing 

site) and species choice (bite site) as postulated by 

Hodgson, (1986), Senft et al. (1987), Milne, (1991), 

Demment et al., (1987), Demment and Laca, (1993), Parsons, 
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Thornley, Newman and Penning (1994b), and Thornley, 

Parsons, Newman and Penning (1994) (see Figure 2.3). 

Vallentine (1990) and Hodgson (1990) postulated that, 

given an opportunity of choice, grazing animals are always 

selective in what they eat choosing or harvesting plant 

species, individual plants, or plant parts differently from 

random removal or from the average of what is available. 

Their diet is usually of higher nutritive value with higher 

proportions of leaf and live plant tissue and lower 

proportions of stem and dead tissue than the whole sward 

(Arnold, 1981; Hodgson, 1986) . For instance, limited 

evidence suggests that sheep and cattle prefer legumes to 

grasses in mixed-temperate pastures (Clark and Harris, 

1985; Clark and Hodgson, 1986; Curll, Wilkins, Snaydon and 

Shanmugalingam, 1985a,b; Ridout and Robson, 1991; 

Sollenberger, Moore, Quesenberry and Beede, 1987). 

2.3.1. Preference and Selection. 

Although palatability and preference are interrelated 

in their determination of selectivity in grazing, they are 

different terms (Vallentine, 1990) . The term palatability 

has been restricted to plant characteristics or conditions 

inherent to a plant species. Preference is the reaction 

of the animal (essentially behavioural) to these 

differences (discrimination) exhibited between the 

components of a sward if all were available without 

restriction. Selection is defined as the measure of the 

choice demonstrated in practice (Hodgson, 1990; Vallentine, 

1990; Stuth, 1991) 
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Figure 2.3. An hierarchical view of the diet selection 
process from the landscape level down to the individual 
plant. 
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Palatability refers to that combination of 

characteristics of the forage that stimulates animals to 

prefer one forage (or any feedstuff) to another (Heady, 

1964) . It can be applied collectively to a group of plant 

species or all plants of a single species or can be 

restricted to a single part or individual parts of that 

plant (Vallentine, 1990) . Many factors are associated with 

palatability, including plant chemistry (e.g., 

concentration of minerals, organic acids or cell wall 

components) and plant morphological factors such as 

presence of spines and leaf:stem ratio (Theron and Booysen, 

1966; Malechek and Narjisse, 1990) 

Preference refers to the selective response made by 

the animal to plant differences. It is essentially a 

behavioural response from the grazer to the chemical and 

physical characteristics of the leaves and stems of 

particular plant species as they affect the senses of 

sight, touch, taste and smell (Colebrook, Black, Purser, 

Collins and Rossiter, 1990a) . It presumes both initial 

opportunity to choose between alternatives and implies an 

active diet selection by the animal modified by the 

inevitable limitations to the opportunity for selection 

which occur in the field (Arnold, 1981; Colebrook, Lynch, 

Black and Baker, 1990b; Hodgson, 1990; Vallentine, 1990) 

and ideally is measured by relative intake given free 

choice (Kenney and Black, 1984). 

Consequently, in intensively grazed pastures, the 

botanical composition of the animal's diet alone is not an 

accurate index of preference but will depend also on 

factors such as the relative abundance of the plant species 

and their morphological components, and their spatial 

distribution in the sward canopy (Hodgson, 1990; 

Vallentine, 1990). However, where vegetation is more 

complex and/or grazing pressure less extreme, animal 
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preferences may have a more significant influence on plant-

animal interactions (Clark, Lambert, Rolston and Dyrnock, 

1982; Lambert and Guerin, 1989). Difficulties are met in 

comparing the results of selectivity studies because of the 

many and varied techniques that have been used to measure 

forage preference (Vallentine, 1990) . Preference is always 

relative to the variety or alternatives offered for 

selection in these studies. Because palatability of forage 

plant species is subject to seasonal changes it is 

difficult to measure this seasonal variation in trials 

involving singly-offered feeds. Preference, on the other 

hand, varies between animal species and even between 

individual animals. Also, because of continual grazing on 

initially preferred species which decreases availability, 

the animals may switch to other species (Arnold and 

Dudzinski, 1978; Vallentine, 1990) . This latter effect can 

be only measured in very closely controlled conditions 

(Hodgson, 1990) 

Broad generalizations about species selection and 

preference should be tempered by the understanding that 

animal selectivity is a dynamic, situation-specific 

process. The use of a selectivity ratio, defined as the 

proportion of any species, species group or plant part in 

the diet relative to its proportion in the available 

herbage provides one means of balancing availability and 

palatability but only when forage is provided in amounts 

in excess of inmediate ingestion needs (Vallentine, 1990) 

Unfortunately, this ratio is correlated with the proportion 

in the sward and cannot be used in any general model of the 

grazing process without a knowledge of the spatial 

variation of grazing responses (Clark, 1987; Newman, 

Penning, Parsons, Harvey and Orr, 1994). Also, because 

selectivity ratio rankings will be different for different 

animal species and even for different groups of the same 

animal species, depending on past experience and degree of 



hunger (Newman et al., 1994), caution is needed in 

interpreting such indices to explain grazing patterns and 

to generalize from them. 

2.3.2. Plant choice. 

In heterogeneous swards, specialised or focused 

grazing on some plant species may relate largely to their 

relative preference ranking at the time of active growth 

(Colebrook, Black and Kenney, 1987). However, the more 

abundant species may be generally consumed in proportion 

to their availability and consequently when they are 

present in high percentages in the sward they might 

dominate the diet. It can be argued that although these 

plant species would be not as high in nutrients as the 

preferred species, they might provide to the animal maximum 

instantaneous intake rates of energy (Crawley, 1983; 

OTReagain, 1993) or a better balanced diet (Westoby, 1974) 

Further, although the preferred species may usually enhance 

the diet nutritionally, resulting in better animal 

performance they may have higher handling time costs 

(Stuth, 1991) . On the other hand, species not readily 

consumed by animals generally make up a lesser percentage 

of the diet than the percentage available in the 

vegetation. Their incidental consumption is believed to 

be a response to animal sampling of the environment as 

conditions change (Gordon and Illius, 1988; Stuth, 1991) 

or by conditioned food preferences (Provenza, Pfister and 

Cheney, 1992) or to achieve a mixed diet (Parsons, Newmann, 

Penning, Harvey and Orr, 1994a). 

The relationship between consumption of plant species 

and herbage mass (kg/ha) takes different functional forms. 

Particular plant species might be preferred regardless of 
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abundance and the presence of associated species (Skiles, 

1984) . There are also a group of plants where consumption 

changes from avoidance to preference as herbage mass 

declines (Skiles, 1984) . These plants exhibit 

morphological constraints to consumption by animals. 

Finally, avoided species which are selected in poor 

correlation with their inherent abundance often contain 

undesirable nutritional attributes (Skiles, 1984; Stuth, 

1991) 

In all grazing situations, animals are continually 

making choices among plants at the feeding station level. 

This selection is also largely related to the phenological 

state of the forage (Forbes, 1988b) and to the sward 

arrangement displayed (Curil and Wilkins, 1982; Milne, 

Hodgson, Thompson, Souter and Barthrarn, 1982; L'Huiller, 

Poppi and Fraser, 1986; Nicol and Collins, 1990) even on 

apparently homogeneous swards. 

2.3.2.1. Sward structural influences on selection. 

If we assume that ungulates graze at random within a 

sward then they will eat a diet similar in composition and 

quality to that on offer (Gordon and Hutchings, 1993) 

Animals appear however to seek diets with a higher nutrient 

density than in the sward as a whole (Provenza and Baiph, 

1988) although plant and animal constraints may limit their 

ability to forage optimal. 

Hodgson (1986 and 1990) argues that animals will often 

graze apparently indiscriminately in the surface layers of 

a sown sward so that the botanical composition of the 

herbage consumed is very similar to the composition of the 
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botanical components of the surface horizons. Animals may 

be reluctant to graze down into sward strata containing 

pseudo-stem material (Barthram and Grant, 1984). This may 

be because the structural strength of leaves or stems and 

therefore the force required for their removal and the 

number of leaves per bite may increase further down the 

sward (Black and Kenney, 1984; Burlinson, 1987; Pearson and 

Ison, 1989; Hughes, 1990; Hughes, Sykes, Poppi and Hodgson, 

1991) . Research into stiffness, tensile strength and 

fracture properties of the vegetal components has been 

conducted in an attempt to relate physical aspects of the 

diet to selectivity (Hodgson, 1986; Hughes, 1990; Hughes 

et al., 1991). For instance, Hughes (1990) recorded 

different tensile strengths of plant components at similar 

pasture heights on a sown sward. 

Therefore, even if clover was not preferentially 

grazed in a ryegrass-clover mixture, its position in the 

canopy (with proportionately more of its leaves in the 

grazed upper horizon of the sward than grass; Section 

2.2.2.1) means that the proportion of clover in the diet 

would be higher relative to the sward content (Curli and 

Wilkins, 1980, 1982; Milne et al., 1982) . Thus, on these 

relatively homogeneous conditions, Gordon and lason (1989) 

and Gordon and Hutchings (1993) postulate that the 

composition of the diet can be considered as a consequence 

of a largely unselective grazing habit superimposed on a 

vertically stratified distribution of plant tissue. 

However, Mime et al. (1982) showed experimentally that 

even within the grazed horizon of grass/clover swards 

selection of clover or grass took place depending on its 

frequency of occurrence in the grazed horizon. 

However on tall swards several authors (Clark, 1987; 

Nicol and Collins, 1990 and L'Huiller et al., 1986) have 

observed that sheep grazed leaves at the base of the sward 
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when the surface had predominantly dead material. For 

example, sheep grazed within 0 to 4 cm from the ground, 

where 95% of the green leaf was located, even though they 

had to penetrate the surface canopy where there was 

abundant dead material up to 20 cm high (L'Huiller, Poppi 

and Fraser, 1984) . This illustrates that provided pasture 

height is tall enough sheep may graze a horizon other than 

the uppermost within the sward (Thompson and Poppi, 1990). 

However Laca et al., (1994a) observed that cattle removed 

most of the top half of the canopy of hand-constructed 

swards before biting into the lower horizon. This suggests 

differences between animal species. Collins (1989) studied 

the diet selected by oesophageally fistulated cattle, sheep 

and goats when grazing down sown pasture under a mixed 

grazing regime. She found that the diet composition of 

cattle was more similar to that of the entire pasture than 

to any particular horizon in the pasture, while that of the 

sheep was the most similar to that of the pasture horizon 

between 40 and 80 mm above the ground. Diet composition 

of goats was the most similar to the herbage growing above 

80 mm. 

Clark and Harris (1985) showed experimentally with 

strips of plant species that there was an active selection 

for white clover but no evidence of preference for clover 

on mixed swards was recorded. However, Illius et al. 

(1992) recorded that when given a choice of sown swards in 

trays sheep preferred swards with intermediate levels of 

clover: 40% instead of those with lower or higher levels. 

Newman, Parsons and Harvey (1992) showed that past 

experience was important and that sheep, rather than prefer 

clover, grazed grass when previously grazing clover and 

vice-versa. This could reflect the needs of the animal to 

sample uncommon components in the sward to gain information 

about intake rate and nutritional contents (Illius et al. 

1992) or the need for consuming a mixed diet (Westoby, 
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1978; Parsons et al., 1994a) 

Sheep appear to graze in parts of the sward where 

there is a predominance of leaf, irrespective of the plant 

species and whether the leaf is located at the base or top 

of the pasture, although Black, Kenney and Colebrook 

(1987), showed that sheep were unable to discriminate 

between young vegetative leaf and senescing material when 

it was below 20 mm on artificially constructed pastures. 

Selection for clover, therefore, is not a static 

phenomenon but may vary with the proportion of clover in 

the grazed horizon (Clark, Hodgson, Robertson and Barthram, 

1985; Clark, 1987; Nicol and Collins, 1990; Hodgson, 1990; 

Gordon and Illius, 1992; Illius, Clark and Hodgson, 1992; 

Gordon and Hutchings, 1993) and may be influenced by the 

vertical distribution of green material (L'Huiller et al, 

1984) . 

Therefore pasture height of the preferred components 

can limit the access of the plant material within a bite 

catchment (Hodgson, 1985b; Burlinson, Hodgson and Illius, 

1991; and Penning, Parsons, Orr and Treacher (1991a) and, 

as Illius and Gordon (1990) noted, it could constraint the 

diet eaten by the animal. 

2.3.2.2. Spatial choice: Patchiness 

In nature, food items tend to be distributed in 

discrete patches (Clark and Harris, 1985; Illius, 1986; 

Demment et al., 1987; Demment and Greenwood, 1988; Ungar 

and Noy-Meir, 1988; Kotliar and Wiens, 1990; Gordon and 

Lascano, 1993; Laca et al., 1993; Demment, Distel, Griggs, 

Laca and Deo, 1993; Demment and Laca, 1993; Wiens, 
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Stenseth, Home and Ims, 1993) . Animals, it is argued, 

select particular sites and positions within a site for 

grazing in an attempt to optimize their rate of intake 

(Kenney, Black and Colebrook, 1984; Stephens and Krebs, 

1986) . Grazing on temperate swards is, then, strongly 

related to the distribution and profitability of patches 

(small areas of intense defoliation) . Foraging herbivores 

may leave a patch offering a declining intake rate because 

of a reduction in the availability of food (Gordon and 

Illius, 1992; Dernment et al., 1993) . The rapid regrowth 

of new green foliage in a patch previously grazed such that 

competing vegetation is removed offers the animal a highly 

desirable food source which in turn may facilitate 

redefoliation in a relatively large area. This kind of 

intense patch defoliation and redefoliation is in marked 

contrast to the more typical selective grazing of 

individual plants in a mixed plant community (Stuth, 1991). 

Furthermore, repetitive defoliation may result in the 

expansion of the size of the patch although in some cases 

this may lead to the loss of some plant species as noted 

by Stuth (1991) 

Illius (1986) developed a model that included spatial 

heterogeneity in quality and quantity of forage available 

to cattle from three patch types on sown pasture. He found 

that the relative importance of sward height and sward 

digestibility in determining cattle grazing behaviour is 

dependent on the ratio of each parameter's values between 

patches. Stuth and Searcy (1987) characterized the 

foraging behaviour of cattle at this level into three 

components, as search time (i.e. time spent travelling 

between feeding stations), biting rates within feeding 

stations and duration of biting while at a feeding station. 

Animals appear to select fewer plant species and focus 

their selection on plant species which offer the maximum 

amount of green forage per bite (bite size) within the 
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primary food group (Dudzinski and Arnold, 1973; Wickstrom, 

Robbins, Hanley, Spalinger and Parish, 1984; Dernment and 

Laca, 1993; Laca et al., 1993). However, Smith, Rodgers, 

Dodd and Skinner (1992) argue that in the longer term 

herbivores may trade off intake rate for diet digestibility 

and not select the plant species, patch or community which 

offers the highest instantaneous rate but the highest long 

term intake rate. 

Forage becomes limiting as animals intensify searching 

to acquire an adequate daily intake until their preferred 

primary food group is depleted (Arnold, 1987) . As the 

amount of senescent material in the canopy increases, 

animals reduce search time between feeding stations and 

increase time at each feeding station (Stuth, 1991) . Also, 

as grazing pressure increases, the number of unexploited 

feeding stations diminishes (Ruyle and Dwyer, 1985) 

Searching between feeding stations can occupy 20-30% of the 

grazing time and appears to be an adjustment mechanism 

associated with forage quality (Valone and Giraldeau, 

1993) . Bazely (1990) found that sheep, grazing patches of 

tall grass of potentially higher nutritive value, increased 

their patch residence time with taller patches being more 

intensively grazed than shorter ones when travel times were 

longer. 

Clark, Hodgson, Illius, Hughes and Robertson 

(unpublished data, cited by Illius and Gordon 1993) offered 

sheep, cattle and goats patches of perennial ryegrasses 

covering a range of 9 paired height comparisons while 

grazing in small plots. Taller patches were preferred by 

all the species with the goats being the most sensitive and 

sheep the least to differences in pasture height. Laca, 

Ungar and Detriment (1994b) recorded that steers grazed hand-

constructed swards by horizons with greater bite weights 

on tall sparse swards than on short dense ones of equal 
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herbage mass. 

The influence of a single patch can extend well beyond 

the immediate vicinity and may generate spatially explicit 

patterns in the sward (Reichnian, Benedix and Seastedt, 

1993) . Gibb (1991) reported a mosaic of short, frequently 

grazed areas and tall, infrequently grazed areas on swards 

continually stocked with cattle. There were large within-

sward height differences in the vertical distribution of 

plant parts between the frequently and infrequently grazed 

areas. Gibb and Ridout (1988) and Gibb and Baker (1989) 

observed a high percentage of the sward area infrequently 

grazed by cattle, affecting the balance between grass and 

clover on these swards. 

In sown swards, white clover usually occurs in 

patches (Clark and Harris, 1985; Illius et al., 1992). 

Armstrong, Robertson, Lamb, Gordon and Elston (1993) 

studied the effect of the size of patches and the distance 

between them on weaned lambs on a mixed grass/clover sward 

with a constant clover content. They did not find 

differences in the clover content of the diet of weaned 

lambs. Conversely, Clark and Harris (1985), Ridout and 

Robson (1991) and Illius et al. (1992) noted selection of 

the white clover within patches and also between separate 

areas of grass and clover. 

2.3.2.3. Animal factors: Foraging strategies 

There are a number of animal variables which determine 

foraging strategy (Gordon and lason, 1989) . Langer (1984) 

and Hofmann (1983, 1989) classified herbivores based upon 

the types of foods eaten (Figure 2.4) 
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Figure 2.4. Characteristics of European ruminants according 

to their feeding type; the further to the right, the better 

a species' adaptation to digest plant cell wall/fibre. 

EUROPE: RUMINANT FEEDING TYPES 

Concentrate selectors - Intermediate types I Grass/roughage eaters 

ibex 

S(eIndeef ' 

S 
•• IL i____1SSS__S__. S_____ 

Od 1j-.-kL.. ) 
— mouf Ion 

roe deer 
chamois 

red deer 
çi 

sheep 

goal ~0 

fallow 7*  

moose 

wisent 

Rumen- 

(:g. a.) tqje d..,I 

Feeding rhythm (tot dtt,I. (C.hi0eI) (led OCt11 ( ctlllu 

AASAM ft A4W\ AP A A J A 5 A It A ft. i I A 
12 IS 2' 0 6 12 18 24 0 6 12 le 2' 0 8 12 18 2' J 

(From Hofmann, 1989) 

37 



Hoffmann (1989) argued that species exhibit an evolutionary 

adaptation, predisposing them to feed on plant species from 

one or more of their primary groups, grasses, forbs, or 

browse. Many of these animal variations should be seen as 

adaptations to a particular diet which have originated 

across evolutionary time and/or a result of selection 

imposed by man (Gordon and lason, 1989) . Therefore, the 

grazing value of a plant will also depend on the animal 

species constraints in question (Demment and Van Soest, 

1981; Hanley, 1982; Manley and Hanley, 1982; Owen-Smith and 

Cooper, 1987; Gordon and lason, 1989; Milne, 1991) 

The domesticated ruminant animals, i.e. cattle, sheep 

and goats, have adopted slightly different foraging 

strategies along the continuum of grazers, mixed 

grazers/browsers and browsers with cattle considered as 

grazers and goats being the nearest species to a browser 

(Gordon and lason, 1989; Hofmann, 1989). 

Several authors, such as Bell, (1970) Belovsky (1978, 

1986), Demment and Van Soest (1985), Gordon and Illius 

(1989), and Illius and Gordon (1990, 1992, 1993), have 

considered the implications of the body size of mammalian 

herbivores for the quality of food ingested by the grazer 

and hence for the feeding niche selected. Smaller 

ruminants, like sheep and goats, consume a higher quality 

diet which necessitates a greater degree of discrimination 

in diet selection to match the productivity of large 

ruminants like cattle (Hodgson, 1981; Huston and Pinchak, 

1991) . The absolute food requirements, the inability for 

fine-grained food selection and food retention time in the 

gut all increase with body size (Illius and Gordon, 1987; 

Gordon and Illius, 1988) Demment and Van Soest (1985) 

argued that large animals had a greater capacity to process 

and survive on poor quality forages with slow fermentation 

rates since energy requirements scale with body weight°75, 
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and gut contents scale isometrically with body weight. 

Because of this, in general, the ratio of nutrient 

concentration per bite required must be maintained at 

higher levels, for instance, for a goat than for a cow 

(Poppi, Hughes and L'Huillier, 1987) . Retention time of 

food in the digestive tract was shown by Illius and Gordon 

(1991) to scale with body weight"'. Also, rumen size 

relative to body size differs between different species and 

this is in part responsible for changes in digestive 

capability for fibrous grasses, trees and shrubs (Dernrnent 

and Van Soest, 1985; Kay, 1993) . For instance, Hofmann 

(1983) classified the alimentary tract of goats with those 

from browsers whereas that of sheep was like that of a 

grazer. Goats tend to be more efficient at digesting low 

digestibility diets although sheep and goats appear to 

digest high digestibility forages to a similar extent 

(Doyle, Egan and Thalen, 1984; Domingue, Dellow and Barry, 

1991a; Domingue, Dellow, Wilson and Barry, 1991b). It can 

be concluded that, in general, there is clear evidence that 

foraging strategy and digestive ability vary with the 

species position along the browser-grazer continuum and on 

the basis of body size. 

Significant differences in the morphological structure 

of mouth parts exist in pre-gastric fermenters and post-

gastric fermenters which reflect the types of forages 

consumed (Grant et al., 1985; Gordon and Illius, 1988; 

Taylor, Murray and Illius, 1987; Huston and Pinchak, 1991). 

Animal size is an important determinant of bite weight 

(Clutton-Brock and Harvey, 1983; Illius and Gordon, 1993). 

Although Forbes and Hodgson (1985a) found with cattle and 

sheep that on a live weight basis there was no difference 

between bite weight either grazing a pasture down or for 

continuous grazing, on very short pastures Illius and 

Gordon (1987) showed that bite weight is proportional to 

incisor width bite and scales as body weight°36  for 
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ruminants. Size and prehensile agility of the lips, teeth 

and tongue ultimately determine an animal's ability to 

consume selectively plant species, individual plants on 

offer within a species and even discrete plant parts from 

a heterogeneous assemblage of plant biomass on a temperate 

sward. In general, increased pliability of the lips and 

manipulative capacity of the tongue denote greater levels 

of selectivity from the surrounding material (Gordon and 

Illius, 1988) 

Cattle, considered to be bulk/roughage grazers with 

a wide and flat muzzle, are thus incapable of exerting 

similar selective behaviour to sheep and goats because of 

their mouth size and prehensive behaviour. They graze 

comparatively indiscriminately on the herbaceous fraction 

of vegetation by wrapping their tongue around individual 

clumps of plant material and with a short jerking motion 

of the head, breaking the clump loose then drawing it into 

their mouths (Forbes, 1982; Phillips, 1993) although 

Albright (1993) demonstrated that the sense of taste in 

dairy cattle is highly developed and can influence their 

preferences. 

The domestic sheep is classified as an intermediate 

feeder, but its diet often approximates to that of the 

bulk/roughage group. Their smaller bite size and lips, 

which can move away from the teeth, allow them to graze 

closer to the ground than cattle and hence they can harvest 

many prostrate plants (Dudzinski and Arnold, 1973; Lynch, 

Hinch and Adams, 1992). Sheep are thus often grazed after 

cattle have been removed to obtain greater utilization of 

available herbage (Lynch et al., 1992). When grasses are 

prehended, sheep move the head posteriorly with a sudden 

jerking movement while when eating shrubs they can either 

strip the branch of leaves or break the twig and chew it 

(Lynch et al., 1992). Their relative narrow muzzle allows 
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them to select plant parts with a greater precision than 

cattle. 

The goat is a true intermediate feeder (McCammon-

Feldman, Van Soest, Horvath and McDowell, 1981), being very 

flexible and opportunist, with its diet selection clearly 

overlapping the entire array of forages (Morand-Fehr, 1981; 

Devendra and Coop, 1982; Devendra and Burns, 1983; Malechek 

and Provenza, 1983; Mason, 1984; McGregor, 1985; Lu, 1988; 

Russel and Mowlem, 1988; Ricardi and Shimada, 1992). Goats 

show a great avidity to graze woody species and can be used 

to control rushes, gorse and other weed species in pasture 

(Harrington, 1978, 1982; Huston, 1981; Lambert, Clark and 

Rolston, 1981; Malechek and Provenza, 1981; Merrill and 

Taylor, 1981; Soinlo, Campbell and Pelliza-Sbriller, 1981; 

Schwartz and Said, 1981; Russel, Maxwell, Bolton, Currie 

and White, 1983; Grant, Bolton and Russel, 1984; Provenza 

and Malechek, 1984; Radcliffe, 1985, 1986; Betteridge and 

Lambert, 1985; Russel, Lippert, Ryder and Grant, 1985; 

McCall and Lambert, 1987; Russel and Lippert, 1987; Howe, 

Barry and Popay, 1988; Clark and Lambert, 1989; Mellado, 

Foote, Rodriguez and Zarate, 1991; Narjisse, 1991; Owens, 

1991; Ramirez, Loyo and Mora, 1991; Papachristou and 

Nastis, 1993a,b) 

Their narrower and more pointed dental arcade than 

sheep and cattle, typical of browsers, implies a higher 

degree of selectivity of surrounding material of lower 

quality (Gordon and Illius, 1988) Goats showed 

differences in diet selection from sheep on rangelands 

(Clark et al., 1982; Lu, 1988; Norton, Kennedy and Hales, 

1990) , consuming more grass and f orb species when available 

and more browse during the dry season or winter when grass 

and f orbs are limited (Ramirez, Rodriguez, Flores, Carlos 

and Garcia, 1990; Schacht and Malechek, 1990; Gordon and 

Illius, 1992) 
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Stuth (1991) showed on studies with Cashmere goats 

grazing cool-season, grass-legume pastures without browsing 

material present, that they consume mostly grasses, with 

legumes comprising less than 10% of their diet. In 

contrast to sheep, goats apparently select against legumes 

in temperate grasslands (Lambert et al., 1981; Clark et 

al., 1982; Clark et al., 1984; McGregor, 1984; Clark, 1987; 

Russel and Lippert, 1987; Radcliffe and Francis, 1988) 

although Hughes, Sykes and Poppi (1984) failed to show 

marked differences between lambs and kids and Nicol and 

Collins (1990) found that selection against white clover 

did not exist when it was a part of the goat's grazing 

horizon. Furthermore, Penning et al., (1993b) and Stevens, 

Casey, Lucas, Baxter and Miller (1992) recorded that goats' 

diets contained white clover and red clover respectively 

while Norton et al. (1990) showed goats to have a higher 

proportion of legumes in their diet than sheep on tropical 

swards. Also, in a series of mixed grazing experiments 

Collins (1989) found that clover was present in greater 

proportions in oesophageally fistulated samples from 

cattle, sheep and goats than from the pasture being grazed 

(by +7.9%, +41.7% and +24.1% on cattle, sheep and goat 

samples respectively) . Clark (1987), Collins and Nicol 

(1987), Nicol (1988) and Norton et al. (1990) explained 

these differences as arising from the interaction between 

the feeding style of goats and sheep and the vertical 

position of legumes in the sward canopy in temperate as 

compared to tropical grassland. Thus the apparent 

discrimination by goats against clover in temperate 

grass/clover swards may simply be due to their feeding 

behaviour rather than active discrimination. Nevertheless, 

this may offer scope for the complementary grazing of goats 

and other grazing species. Also, goats and sheep can 

afford to select smaller plants or plant parts that are 

less profitable for cattle; to a goat a browse leaf 
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presents a proportionally larger bite size than to a cow 

(McCall and Lambert, 1987). This also suggests scope for 

complementary grazing. 

According to Arnold (1981), the animal's physiological 

state does not appear to affect its dietary preferences 

although Arnold, McManus, Bush and Ball (1964), and Newman 

et al. (1994) suggested that hunger could alter the 

composition of the diet of the sheep. 

Breed and age may influence the diet ingested. Zoby 

and Holmes (1983) suggested that younger cattle grazed more 

selectively but Hodgson and Jamieson (1981) did not find 

differences in dietary discrimination between cattle of 

different ages although later Hodgson (1982a,b) mentioned 

unexplained variation in diet selection between animals of 

differing age within a species. Hughes, Sykes and Poppi, 

(1984) indicated that on similar swards older goats 

consumed a diet similar in composition to young goats while 

older sheep consumed more dead material than lambs although 

the differences concerned were small. The in vitro 

digestibility of the diet selected was also not affected. 

Conversely, Arnold (1970), Curll and Davidson (1983), 

Provenza and Malachek (1986), Flores, Provenza and Balph 

(1989a,b) and Nolte, Provenza and Balph (1990) demonstrated 

that experience, which may be related to age, may be 

important in influencing the foraging behaviour of sheep, 

cattle and goats. Newman et al. (1992) related the 

preference of clover by sheep to previous experience. 

The recognition of parasitism as a potential factor 

influencing diet choice suggests new areas for future 

research (Lozano, 1991) . For instance, Taylor (1954) 

suggested on sown swards that sheep and, particularly 

lambs, because of their preference for clover leaves might 

ingest most of the nematode larvae carried on the 
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trifoliate leaf of the white clover while the upper leaves 

of grasses are relatively free. Lozano (1991) postulated 

that parasites could influence diet choice in three ways: 

(i) potential hosts could avoid some food items that 

commonly are sources of parasites (ii) by selectively 

eating certain food items, an animal could alter its 

internal environment and make it less hospitable to 

parasites and (iii) certain foods could be selected because 

of specific antiparasitic compounds that might cause the 

expulsion of parasites already established. 

Finally, the concept of 'nutritional wisdom' of 

herbivores implies a primary foraging objective of 

minimizing the ingestion of many secondary compounds 

(Westoby, 1974; Gordon and Illius, 1992) . Goats seem to 

be able to digest forages containing secondary compounds 

more extensively than sheep (Howe et al., 1988) . The role 

of such secondary compounds in plants in terms of their 

potentially multifaceted role in influencing diet selection 

is currently being actively studied (Barry and Blaney, 

1987; Provenza, Nolan and Lynch, 1993). Taste aversion has 

been studied in the majority of studies on dietary learning 

in ruminants as the key factor in the sampling process 

(Colebrook, Black and Kenny, 1985; Flores et al., 1989a, b; 

Provenza and Baiph, 1990; Zahorik, Houpt and Swartzman-

Andert, 1990) and could be more important than sight, smell 

or touch in influencing bite selection (Milne, 1991) 

Illius and Gordon (1990) proposed that herbivores can take 

up to 40,000 bites in a day to gain information and this 

may reflect the requirement of the animal to sample 

uncommon components in the sward in order to gain 

information (Newman et al., 1992). However, there is 

little evidence that herbivores can sense the amount of 

nutrients ingested from the pasture (Arnold, 1981) 
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2.4. Herbage intake. 

Forbes (1988b) theorised that intake is controlled by 

the energy balance of the animal in the long term while in 

the short term it is probably controlled by a combination 

of plant structural factors that influence rate of 

ingestion, the effect of the masticated forage on gut fill, 

and by social behaviour and environmental factors affecting 

the appetite-satiety complex. In the first case, 

regulation of intake is dependent only on endogenous 

mechanisms triggered either within the animal or by some 

characteristics of the forage (Forbes, 1980; Van Soest, 

1982; Grovum, 1986), while forage (nutrient) intake under 

grazing conditions is a modified expression of voluntary 

intake and is influenced by forage quality, forage 

availability, sward structure, environmental stress, and 

management (Chacon and Stobbs, 1976; Hodgson, 1977; Arnold 

and Dudzinski, 1978; Allison, 1985; Young, 1986) (Figure 

2.5). 

This part of the review concentrates on the intake of 

pasture by grazing animals as determined by the opportunity 

to harvest forage. The needs of the animal, the quality 

of the pasture and the ease with which herbage can be 

collected all affect the quantity of herbage consumed 

(Cordova, Wallace and Pieper, 1978; Hogan, Kenney and 

Weston, 1985; Wilson and Harrington, 1984; Allison, 1985; 

Hodgson, 1985a,b; Birrell, 1989; Holmes, 1989; Black, 1990; 

Gudmundsson, 1991). 
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Figure 2.5. Factors influencing pasture intake in 
grazing animals. 
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Classical work on functional responses (Noy-Meir, 

1975; Hodgson, 1977; Crawley, 1983; Penning, 1986; Poppi 

et al., 1987) indicated that when pasture is offered to an 

animal in increasing quantity (increasing pasture 

allowance, pasture mass or pasture height) intake increases 

curvilinearly (Figure 2.6). There are two quite distinct 

sections of this curve. Daily intake is limited by 

harvesting or prehension constraints and/or animals' 

grazing strategies as modified by pasture structure 

(McClymont, 1967; Aliden and Whittaker, 1970) in the 

ascending portion of the curve when feed is limited. At 

the plateau or asymptotic section of the curve, nutritional 

factors, such as physical, metabolic and digestibility 

constraints, appear to influence the maximum level of 

intake and hence the production potential (Poppi et al., 

1987; Forbes, 1988a; Black, 1990) . This general response 

changes with pasture species. Chacon and Stobbs (1976) 

reported experimental evidence of this distinction between 

nutritional and non-nutritional factors. Steers on a high 

stocking rate (low pasture allowance) did not have a full 

rumen and did not increase grazing time markedly if digesta 

was physically removed from the rumen while those animals 

on a low stocking rate increased their grazing activity. 

In grazing dairy cattle Hancock (1952) proposed a 

mechanistic explanation of the amount of herbage eaten 

daily as 

daily pasture intake = rate of intake x grazing time 

rate of intake = intake per bite x rate of biting 

When intake per bite is reduced there will be a 

corresponding decline in the rate of intake unless there 

is a compensatory increase in the rate of biting (Penning, 

1986; Hodgson, 1990) 
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Figure 2.6. The relationship of pasture intake to various 
pasture characteristics and methods of pasture allocation. 
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Daily intake will be adversely affected unless any 

reduction in rate of intake can be offset by an increase 

in grazing time. Hodgson (1990) argued that, in practice, 

although either biting rate or grazing time tend to 

increase when intake per bite decreases, these changes are 

seldom large enough to prevent a fall in daily herbage 

intake. 

2.4.1. Components of ingestive behaviour. 

2.4.1.1. Intake per bite. 

Intake per bite is a function of the physical 

characteristics of the animal and of the plant material on 

offer (Demment et al., 1987; Forbes, 1988b; Spalinger and 

Hobbs, 1992). Burlinson et al., (1991) defined the bite 

dimensions as bite depth, bite area and its product, bite 

volume: the volume occupied in the sward by the herbage 

prehended in a bite. All of these interact with the 

distribution of biomass per unit area (bulk density) of the 

sward to produce the intake per bite. 

Intake per bite is a function of what the animal 

selects, and a number of studies with cattle and sheep show 

that the order of preference is leaf, stem and then dead 

material (Forbes, 1982) . Black and Kenney (1984), Hodgson 

(1986) and Kenney and Black (1986) argued that intake per 

bite in vegetative swards also appear to be influenced by 

the depth of the layer within the sward canopy containing 

mainly leaf material, since this influences bite depth and, 

hence, bite volume. 

Layers containing leaf sheath appear to limit the 
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depth of the grazed layer. Burlison (1987) found that 

sheep frequently penetrated to about half of the depth of 

the leafy zone of the sown swards. Bite depth is mainly 

determined by pasture height (Ungar, Seligman and Demment, 

1991) but Barthram (1981) with sheep and Arias, Dougherty, 

Bradley, Cornelius and Lauriault (1990) and Ganskopp, 

Angell and Rose (1994) with cattle, showed that mean grazed 

height may not provide a good index of intake limitations 

unless they can be related to information about the 

distribution of pseudostem within the sward canopy which 

appears to reduce the herbage intake of both sheep and 

cattle. However, Flores, Laca, Griggs and Derriment (1993) 

with steers did not find that the pseudostems of 

microswards of Dallisgrass were a barrier to defoliation 

although they confirmed the importance of the stem horizons 

and their relative positions in the sward as determinants 

of intake per bite. Milne (1991) concluded that within a 

species bite depth is a more important determinant of bite 

volume than bite area. The bite depth may determine 

whether components at various levels in the canopy are 

available for consumption. With sheep grazing ryegrass 

pastures, intake per bite appears to be linearly related 

to sward height, at least up to a height of 12 cm (Penning, 

1986; Figure 2.7a). 

2.4.1.2. Biting rate. 

Biting rate is the number of prehending bites per unit 

time. It usually tends to decline as sward height or 

herbage mass increases and as intake per bite increases, 

principally because the ratio of manipulation to biting jaw 

movements increases as intake per bite and the size of 

individual plant components prehended increase (Jamieson 

and Hodgson, 1979a,b; Hodgson, 1986; Penning, 1986). 
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Figure 2.7. The influence of pasture height on the 
components of ingestive behaviour in sheep. 
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The rate of jaw movements (biting plus manipulation) during 

grazing across a range of sward conditions were between 22-

97 bites per minute in sheep (Black and Kenny, 1984; 

Penning, 1986) while a different range of bite rates (20-66 

bites per minute has been quoted for cattle (Forbes, 1982). 

These variations in bite rate are better thought of as a 

direct response to variations in sward conditions rather 

than as an attempt by the animal to compensate for 

reduction in intake per bite (Hodgson, 1986). Reciprocal 

changes in intake per bite and bite rate may balance to 

maintain a roughly constant rate of intake on relatively 

tall swards, but on shorter swards any increase in biting 

rate is inadequate to balance the decline in intake per 

bite and rate of intake declines (Hodgson, 1986; Figure 

2.7b) 

2.4.1.3. Grazing time. 

Gordon and Hutchings (1993) indicated that little 

progress had been made in identifying and measuring the 

factors affecting the time grazing animals spend foraging 

compared to those affecting bite weight and bite rate. On 

temperate swards it is generally assumed that grazing time 

increases as herbage mass or sward height decreases 

(Penning, 1986; Figure 2.7c) with maximum grazing time 

constrained by the necessity to conduct other behaviours 

(Penning et al. 1991a). Penning, Rook and Orr (1991b) 

showed experimentally that sheep grazing white clover spent 

a shorter time ruminating and grazing with shorter meals 

than did sheep grazing grass swards although the inter-meal 

interval was the same. Also they found a certain degree 

of diurnal control of grazing activity because about 70-90% 

of the grazing activity occurred during the daylight hours, 

with nearly 40% of this activity concentrated during the 
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4 hours prior to sunset. Finally, Hodgson (1990) suggested 

that a grazing time in excess of 8-9 hours/day is likely 

to be indicative of limiting sward conditions. 

Consequently, Penning, Parsons, Newman, Orr and Harvey 

(1993a) questioned the value of short-term intake studies 

using individually penned animals (e.g. Black and Kenney, 

1984; Illius et al., 1992; Newman et al., 1992) because 

these experiments last at the most for 1 or 2 minutes and 

cannot therefore deal with the mechanisms controlling 

grazing time. 

2.4.2. Effect of pasture characteristics on intake and 

performance. 

Having dealt above with the components of ingestive 

behaviour this section will now explain how these factors 

interact with sward conditions to determine intake and 

performance of different animal species. Pasture 

characteristics cause variations in intake through several 

factors such as availability of the feed, pasture species 

composition and quality of the pasture and sward structure 

(Sibanda, 1984; Penning, Parsons, Hooper and Orr, 1989; 

Albright, 1993) 

Historically the relationships between forage 

availability and intake have been described in relation to 

forage standing crop (Jamieson and Hodgson, 1979a), and to 

achieve adequate experimental control over these factors 

(pasture height and bulk density) many of the relationships 

between sward variables and intake have therefore been 

derived under steady state conditions (continuous grazing 

e.g. Hodgson, 1982b), or short term grazing of carefully 

manipulated or artificial swards using 'sward boards 
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(Black and Kenney, 1984; Laca et al., 1992a,b; Flores et 

al, 1993; Gross, Hobbs and Wunder, 1993a; Gross, Shipley, 

Hobbs, Spalinger and Wunder, 1993b), grazing cages 

(Burlinson and Hodgson, 1985; Burlinson, 1987), turves 

(Hughes, 1990; Illius and Gordon, 1990; Newman et al., 

1992) and monoculture fields (Penning, Parsons, Harvey and 

Orr, 1993b) or strip swards (Clark and Harris, 1985; Ridout 

and Robson, 1991). 

Pasture species influence the intake response curve. 

With legume pastures animals reach their maximum intake at 

a lower level of pasture allowance than with grass pastures 

because of the differing structure of the plant species 

which influences the ease of eating (Hodgson, Clark and 

Wewala, 1989). Also, animals grazing legume pastures have 

a higher plateau (maximum) dry matter intake than those 

grazing grass pastures (Poppi et al., 1987) 

Pasture quality influences the response curve by 

determining the maximum intake (plateau value) possible 

from a pasture species (Poppi et al., 1987). Herbage 

intake has long been recognized as being positively 

correlated with the digestibility of the forage up to a 

value of 0.80 (Hodgson, 1977) . The relationship between 

intake and digestibility is not consistent for all pasture 

species with intake of legume being up to 40% greater than 

grass and leaf 100% greater than stem when compared at the 

same digestibility (Ulyatt, 1981) . Also, variations in 

digestibility between anatomical plant parts (ranging from 

0.40 for dead material to 0.85 for grass or legume leaf) 

will affect the quality of pasture ingested. Thus sward 

composition may influence intake through differences in 

digestibility (Thompson and Poppi, 1990). Grazing 

conditions are more complex because of variation with time 

in availability, physical structure of the forage and 

environmental conditions (Hodgson, 1986) . In sown pasture, 
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pasture digestibility is generally high and digestibility 

of the diet selected does not differ markedly between 

temperate species when animals graze them at high pasture 

allowances and it is other nutritional factors such as 

retention time of pasture in the rumen and metabolic 

products of digestion which determine the level of intake. 

In these conditions then, pasture quantity is the main 

factor which limits consumption while in temperate 

rangeland ecosystems overall vegetation quantity is rarely 

limiting and factors like digestibility of different plant 

species, their spatial distribution and seasonal growth 

probably limit the nutrient intake more (Grant and Maxwell, 

1988) 

Therefore pasture characteristics, such as pasture 

mass, pasture allowance or residual pasture and pasture 

height will be important determinants of intake (Bircham, 

1981; Hodgson, 1985b). On temperate swards, pasture mass 

influences the intake response curve primarily by altering 

pasture height rather than pasture density, the two 

components of pasture structure (Poppi et al. 1987), by 

influencing the ease with which the animal can prehend 

herbage. Evidence from many studies (Black and Kenney, 

1984; Penning, 1986; Mursan, Hughes, Nicol and Sugiura, 

1989; Penning et al., 1989; Burlinson et al., 1991; Penning 

et al., 1991a) indicates that bite weight and daily herbage 

intake are closely correlated with sward surface height 

(Figures 2.7a and 2.7d). Thus on temperate swards, control 

of sward height has proved to be an effective management 

tool (Hodgson, 1982b; Hodgson, 1986; Hodgson, Mackie and 

Parker, 1986b) while on tropical pastures, because of the 

lower bulk density and higher stem content, density 

(pasture weight per unit volume of pasture canopy) rather 

than pasture height is the main determinant of intake per 

bite (Stobbs, 1973a,b; Chacon and Stobbs, 1976) 
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Responses in intake (expressed relative to live 

weight) and in ingestive behaviour to changes in sward 

structure appear to differ between ruminant species. Sheep 

respond to a low sward height by taking more bites per 

minute, although there is always a surface height below 

which these compensatory measures cannot counter the 

reduced intake per bite and consequently daily intake falls 

(Hodgson, 1985a; Penning, 1986; Thompson and Poppi, 

1990) (Figure 2.7d) . The point at which this threshold is 

reached varies with forage species, growing season, length 

of grazing period (a component of daily intake), and animal 

species as seen by Stobbs (1973b), and Forbes and Coleman 

(1987), working with cattle on tropical and temperate 

standing pastures. Goats are more sensitive than sheep to 

a reduction of pasture mass or sward height on sown swards 

(McCall and Lambert, 1987; Nicol, Poppi, Alam and Collins, 

1987; Huston, Engdahl and Bales, 1988; Merchant and Riach, 

1994) . Goats also show a strong reluctance to graze below 

1000 kg DM/ha (McCall and Lambert, 1987) 

Arosteguy (1982) found that sheep were better able to 

maintain intake on short swards than cattle when 

continuously grazing on similar sown swards while in 

contrast, Collins and Nicol (1986) observed that cattle 

were better able to maintain intake as pasture mass 

declined when they grazed down a sward under a rotational 

grazing system than were sheep or goats. The apparent 

conflict in these results may be due to differences in 

sward structure and density. Under the rotational grazing 

system of Collins and Nicol (1986) the sward may have been 

less dense and this may have been advantageous to cattle 

since as Forbes and Hodgson (1985a) indicated, the use of 

the tongue by cattle to pull pasture into their mouth may 

give them a distinct advantage at higher pasture mass or 

in less dense pastures. 
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Wright and Whyte (1989) indicated maximum individual 

cow and calf performance at a sward height of 9-10 cm and 

Hodgson (1986) recommended pasture heights 7-10 cm for 

cattle for maximum intake. Wright and Russel (1987) also 

found with beef cows and calves that a difference in sward 

height of 8.5 cm compared to 5.3 cm led to a difference in 

calf live weight gain of 0.34 kg/day because of the 

reduction both in the milk yield of the darn and of the 

herbage ingested by the calves. 

Ewes on grass/clover swards of 2 cm, 4 cm and 6 cm 

sward height increased grazing time rather than biting rate 

in relation to those on an 8 cm sward (Morris, Parker, 

Blair and McCutcheon, 1993). Forbes and Hodgson (1985a) 

stated that sheep increased their bite rate and grazing 

time more than cattle as pasture mass declined. 

Furthermore, under changing sward conditions, Jamieson and 

Hodgson (1979b) observed that the pattern of herbage intake 

on lambs was similar to calves, although lambs appeared the 

most sensitive to sward height because their bite rate 

increased more rapidly as pasture height and mass declined. 

Orr, Parsons, Treacher and Penning (1990) suggested that 

the optimum sward surface height for sheep on mixed swards 

of white clover and grass is about 6 cm and that at this 

height herbage production and utilization will be optimized 

and clover content maintained at a low but satisfactory 

level. Therefore, for continuous grazing Hodgson (1986) 

suggested pasture heights of 5-6 cm for sheep for maximum 

intake. 

In contrast when weaned lambs were compared with older 

sheep, Ailden and Whittaker (1970) suggested that the 

smaller mouth size of lambs may give them an advantage when 

grazing short pastures while larger mouths may be better 

suited to taller pastures although Illius and Gordon (1987) 

postulated that young animals may have a larger incisor 
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breadth per kilogram of live weight than adults. There 

would appear to be good evidence that weaned lamb growth 

rates will increase, as sward height increases from 3 to 

6 cm (Penning, 1986; Doney, Milne, White, Colgrove and 

LLoyd, 1987; Maxwell and Treacher, 1987; Orr et al., 1990). 

Chestnutt (1992) and Grenan (1992) found a pasture height 

of about 9 cm resulted in a growth rate of 170 g/day in 

weaned lambs with -20, 105 and 150 g/day growth rate on 

swards at 3, 5 and 7 cm. Additionally, Rattray, Jagusch, 

Duganz±ch and Maclean (1982) showed that milk production 

of lactating ewes at low herbage allowances was sustained 

at the expense of body reserves, thus helping to protect 

the lamb from the direct effect of herbage restriction. 

Parker and McCutcheon (1992) reported an increased herbage 

consumptioned of 0.9-17.6% in twin-rearing ewes compared 

to single-rearing ewes. Maxwell and Treacher (1987) 

suggested a minimum sward height of 4 cm to avoid a 

reduction in the potential performance of suckling lambs. 

Several studies have examined the growth rates of suckling 

lambs with their mothers on swards declining and increasing 

in height or being maintained at a constant height. Lloyd 

and Swift (1987) found the highest live weight gains (305 

g/day) on swards maintained between 4 to 6 cm compared to 

those which decreased in height within the same range (240 

g/day). Vipond, Milne, Swift, Fitzsimons, McClelland and 

Hunter (1989) found a growth rate of 195 g/day on a sward 

allowed to increased in height with a mean of 5.3 cm versus 

a rate of 95 g/day on a sward maintained at a mean height 

of 4.3 cm during July and August although Wilkinson and 

Mackie (1988) did not find any difference in the 

performance of suckling lambs on a sward allowed to 

increase from 6 to 8 cm than on one maintained at 4 to 6 

cm in July and August. Finally, Parker and McCutcheon 

(1992) reported that twin lamb growth rates were similar 

during the first 6 weeks of lactation at constant sward 

heights of 3.5, 5.0, 6.0, 7.0, and 8.5 cm but from days 46- 



76 of lactation, lambs on the 5.0 cm and longer swards grew 

faster (240 g/day) than those on the 3.5 cm sward (197 

g/day). They concluded that swards of 5-7 cm height during 

lactation maximize performance in twin-suckling lambs. 

Intake and performance responses of goats were linear 

up to around 10 cm on mixed sown swards (Merchant and 

Riach, 1994) although goats achieved satisfactory intakes 

at sward heights 3-4 cm on green and leafy pastures. Clark 

et al. (unpublished, cited by Illius and Gordon, 1993) and 

Gong, Hodgson, Lambert, Chu and Gordon (1993) observed that 

goats had shallower bites than cattle and sheep 

respectively from the sward surface. The primary influence 

on goats, as recorded by Collins and Nicol (1986), was to 

reduce total DM intake. There are obvious differences in 

the grazing preferences of goats and sheep (Lambert, Jung, 

Fletcher, Budding and Costall, 1989) which are most 

markedly expressed when browse is present or as herbage 

availability changes. Under intensive pasture grazing, 

with no browse species present, sheep may be more willing 

to move from desirable to less desirable components of the 

sward as pasture availability is reduced, with the result 

that they are better able than goats to maintain their DM 

intake in conditions of declining pasture availability 

(Nicol et al., 1987). 

In summary, selective utilization of areas within 

pastures as well as of plants and plant parts within these 

areas make it difficult to determine which component of 

available forage is regulating intake (Hodgson, 1990) 

Likewise, variations in intake are difficult to attribute 

to pasture characteristics because, for instance, height 

and density as well as nutritive value undergo simultaneous 

change. However, sheep, cattle and goats seem to respond 

differently to changes in sward conditions. 



2.4.3. Animal factors and intake. 

Differences between and within animal species in age, 

physiological state and nutritional status may affect 

potential nutrient intake. Animals differ in their 

physical capacity to eat (intake per bite, grazing time, 

rumen volume, etc.), in their ability to utilize a given 

feed and their requirements for nutrients (Hofmann, 1983, 

1989; Kay, 1993) 

Inherent species differences in gastrointestinal flow 

dynamics also may influence intake of species which are 

adapted to particular components of the vegetation (Galyen 

and Owens, 1989) . Demment and Van Soest (1981) and Galyean 

and Owens (1989) argued that intake is controlled by the 

amount of dry matter which can be contained in the rumen 

and the rate at which it disappears from the rumen such 

that the greater the rumen fill and the rate of 

disappearance of digesta from the rumen, the greater the 

intake. Differences in species which influence these 

parameters have been discussed in Section 2.3.2.3. 

The type, weight, physiological state and productivity 

state of the grazing animal may also be important in 

determining intake (Figure 2.5; Weston, 1982) . Different 

physiological states will influence the requirement for 

specific nutrients e.g. high protein requirement in 

lactation or in young rapidly growing animals (Alam, Poppi 

and Sykes, 1991) . Arnold (1981) stated that high growth 

potential in young animals, pregnancy, lactation and low 

body condition all increase grazing time and rate of 

intake. 

Young animals have a higher potential for growth and 
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from studies in sheep (Allden and Whittaker, 1970) and 

cattle (Zoby and Holmes, 1983) this may be driven by a 

comparatively greater physiological demand for energy, 

although Jamieson and Hodgson (1979a,b) did not find any 

evidence for this in lambs and calves subjected to low 

herbage allowance (100 kg OM per ha) on perennial ryegrass 

swards. Hou (1991) working with penned animals of similar 

weights, offered 4 pelleted feeds which varied in crude 

protein concentrations and found that total dry matter 

intake was greater in the older sheep than in the younger 

sheep (1997 g/d versus 1736 g/d, respectively) although 

live weight gain was greater in the younger (318 g/d) than 

in the older ones (212 g/d) 

Cruickshank, Poppi and Sykes (1984) showed that age 

and live weight in early weaned lambs did not change the 

proportion of herbage dry matter intake digested in the 

rumen between 8 and 16 weeks of age. Flores et al., (1989 

a,b) provided detailed evidence that previous experience 

by lambs can influence bite rate and bite size on grasses 

and shrubs differing in maturity and plant form. Thus, the 

influence of age within species may be confounded by 

previous experience. 

Because ruminants tend to consume forage in response 

to physiological requirements, long term intake regulation 

may be relative to a certain level of homeostasis in body 

condition. There is no clearly defined relationship 

between body condition (fatness) and nutrient intake in 

cattle and sheep (Freer, 1981; Weston, 1982) . The general 

consensus is that lower live weight gains of fat ewes is 

possibly due to the higher energy value of the live weight 

gain (more fat, less lean) as animals become fatter and a 

greater maintenance requirement of heavier ewes. Also, 

animals in low body condition consume greater quantities 

of moderate to high-quality forages (compensatory 
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intake) (Weston, 1982). Additionally, Gibb and Treacher 

(1983) saw that suckling lamb live weight gains were higher 

in those whose mothers were in higher body condition state, 

presumably because of higher milk yields from the ewes. 

Finally, little information is available on the effects of 

body condition on the performance of grazing goats on sown 

swards. 

In gregarious animals, such as sheep, social 

interactions between individuals may influence the grazing 

behaviour and herbage intake of individuals within a group. 

It has been postulated that in wild animals dominant 

animals tend to have higher daily intakes than the rest of 

the herd or flock (Morley, 1981). Penning et al., (1993a) 

working with sheep showed experimentally that intake of 

herbage was reduced for animals grazing in groups of less 

than four although Rook and Penning (1991a,b), did not find 

that the duration of grazing bouts of sheep was affected 

by social facilitation. 

2.5. Grazing management. 

Grazing management should aim to provide a supply of 

nutritious herbage over the growing season at low cost, 

avoid physical waste of herbage and inefficient utilization 

by the animal, and maintain the productive capacity of the 

sward (Holmes, 1989; Pearson and Ison, 1989) 

Management can affect sward structure through the 

selection of grassland species and choice of the intensity 

of grazing. Pearson and Ison (1989) suggest that management 

should achieve a grassland of moderate height, high density 

and high leafiness. 
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2.5.1. The role of white clover. 

At present, white clover is perhaps the most important 

forage legume in the temperature zones of the world. While 

producing high quality feed, its principal role lies in its 

ability to supply efficiently the large quantities of 

nitrogen (N) essential to sustain highly productive 

pastures (Thomson, 1977; Frame and Newbould, 1986; Frame, 

1987; Brock, Caradus and Hay, 1989; Frame and Tiley, 1991). 

Davies (1992) points out that it can be expected to supply 

roughly an annual amount of 150-200 kg N/ha to pasture but 

this does depend on the clover content of the sward, which 

can vary greatly (Frame and Newbould, 1986). 

Additionally, grass/clover swards may be 

environmentally 'safer' than grass heavily fertilized with 

N, since the flow of N in grazed grass/clover pastures may 

be more precisely regulated (Frame, 1987; Jones, 1992) and 

there may be saving of fossil fuels required in the 

production of fertiliser N (Connolly, 1993) . Thomas (1992) 

indicated that a clover dry matter content of 20-45% in 

pasture could provide the N requirements for a productive 

and sustainable sward. 

The maintenance of a significant proportion of clover 

within the pasture may result in lower pasture growth rates 

compared with all grass swards receiving high amounts of 

N because of the lower growth rates of clover than grass 

(Pearson and Ison, 1989; Davies, 1992) but Robson et al. 

(1989) showed that the difference in yield compared with 

fertilizer N levels of 150-200 kg/ha on pure grass swards 

was not great. Although Woledge, Davidson and Dennis, 

(1992) argued that dietary selection for clover can only 

be maintained by higher net herbage production of clover 
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relative to grass, the increased live weight gains on 

grass-clover swards compared with pure grass swards (a 20% 

increase for cattle and 20-30% for sheep) may offset the 

loss in herbage productivity and the consequent reduction 

in stock carrying capacity (Davies, 1992; Frame, 1992). 

The intake of temperate legumes is invariably greater than 

that of temperate grasses, particularly with sheep, and 

this is the major reason why animal production either of 

meat or milk is usually greater on legumes than on grasses 

(Thomson, 1984) 

These higher intakes of clover are associated with a 

shorter retention time in the rumen (Ullyat, Lancashire and 

Jones, 1977) . Also, the quantity of protein digested in 

the small intestine is greater with clover than with 

ryegrass containing similar amounts of protein. White 

clover also has a higher ratio of soluble to structural 

carbohydrate than grasses and most other legumes (Ullyat, 

1981; Thomas, 1987; Frame, 1987; Brock et al., 1989). 

Consequently, Fulkerson, Slack, Moore and Rolfe (1993) 

concluded that high rates of output can be achieved from 

grass-clover swards without input of nitrogen fertiliser. 

Live weight gains of lambs fed on white clover exceeds 

those fed on most other herbages or when predominantly 

white clover swards are grazed compared to ryegrass swards 

(Gibb and Treacher, 1976; Marsh and Chestnutt, 1976; 

Thomson, 1979; Ullyat, 1981; Gibb and Treacher, 1984; 

Davies and Evans, 1986; Davies, Fothergill and Jones, 1989; 

Chestnutt, 1990; Davies, Fothergill and Morgan, 1992; 

Chestnutt, 1992; Vipond, Swift, Noble and Horgan, 1993b), 

although Orr et al. (1990) found little difference in 

performance of suckling lambs at equal sward height between 

grass/clover and N-fertilized grass swards. Howard, 

Griffiths and James (1990), and Vipond, Swift, McClelland, 

Fitzsimons, Mime and Hunter, (1993a) associated 



significant increases in carcass weight of lambs with 

grazing ryegrass/clover pastures after weaning. In 

general, on grass/clover swards the live weight gain of 

lambs can be increased by about 20% above that achieved on 

grass alone. 

The success of a grass/clover sward is also dependent 

on the ability of the farmer to maintain a grass/clover 

balance without loss of the companion grass in order to 

utilize the nitrogen transferred from the white clover 

(Evans, Williams and Evans, 1992). An appropriate 

defoliation regime is needed to keep this balance (Laidlaw 

et al., 1992). 

2.5.2. MultisDecies grazing. 

Section 2.3.2.3 discussed how different ruminant 

species have adopted different foraging strategies over 

evolutionary time or as a consequence of selection imposed 

by man. This leads to the fact that ruminants can occupy 

different niches (Owen-Smith, 1985; Gordon, 1989; Gordon 

and lason, 1989; Mime, 1991; Ill±us and Gordon, 1993) 

Selective grazing, as has been explained, is displayed 

to varying degrees by all wild and domestic herbivores. 

This selective utilization of plant species and parts by 

herbivores in grazed systems frequently decreases harvest 

efficiency, energy flow within the grazing food chain, and 

ultimately production of regrowths (Briske and Heitscbmidt, 

1991) 

Therefore, grazing induced modifications of plant 

species composition can greatly affect livestock production 

depending on the specific plant community and management 
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goals. Selectivity by an animal may be influenced by the 

presence, either concurrently or previously, of one or more 

animal species in the area, either by changing the short-

term relative availability of the different plant species 

(Holland, Parton, Det.ling and Coppock, 1992) or 

differentially affecting the palatability of the remaining 

forage (Sala, 1988; Vallentine, 1990; Milchunas, Lauenroth 

and Chapman, 1992; Pacala and Crawley, 1992). 

2.5.2.1. Mixed grazing. 

Mixed grazing involves at least two different animal 

species simultaneously grazing the same area. Lambert and 

Guerin (1989) claimed theorical advantages when animals 

graze together because of (i) incomplete dietary overlap 

amongst animal species, (ii) increased efficiency of 

grazing, (iii) botanical composition manipulation, (iv) 

generalized effects of different seasonal energy-

requirements profiles of animal species, (v) reduced 

gastro-intestinal parasite burdens and (vi) farm and 

financial management benefits. 

2.5.2.1.1. Animal performance. 

The effects of multi-species system on livestock 

production has been the subject of many studies throughout 

the world (Aucamp, Danckwerts and Tainton, 1986). 

Generally speaking a positive effect on animal production 

has been related to mixed grazing. Taylor (1985) and 

Merrill, Reardon and Leinweber (1968), working on 

indigenous pastures on the Edwards Plateau region of Texas 

for nearly 40 years, showed the relative effects of 
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variation in grazing pressure on livestock production. 

Individual cattle and sheep performance was higher when 

they grazed in combination with goats than when they grazed 

alone: cattle preferred grass, whilst sheep preferred grass 

and f orbs and goats preferred browse and grass. If 

desirable browse species are maintained and stocking ratios 

properly balanced, little competition occurs between cattle 

and goats. The same is true for sheep and cattle or sheep 

and goats if an abundant and stable source of forbs is 

provided to the animals (Merrill and Taylor, 1981; McCall 

and Shaw, 1991; Stuth, 1991) . Under semi-arid conditions 

in Senegal and a mixed management of goats, sheep and 

cattle, there was clear evidence of differential selection 

of grasses and woody material by the three animal species 

(Connolly, Nolan, Dione and Sail, 1993; Nolan, Connolly and 

Sail, 1993) . Anderson, Smith and Hulet (1985) concluded 

that multispecies grazing of indigenous swards with cattle 

and sheep throughout the year enhanced the use of standing 

crop and was complementary rather than competitive. 

However increases in grazing pressure by one animal species 

can force another animal species to select their less 

preferred food resulting in reduced performance, decreased 

harvest efficiency or both. 

Studies of mixed versus separate grazing on 

grass/legume pastures have usually been concerned with 

mixed grazing by cattle and sheep and were reviewed by 

Nolan and Conolly (1977), who reported increased animal 

output/ha between 10 and 20% from mixed systems. However, 

Nolan (1982) reported several experiments in which the 

improvement in live weight gain of mixed grazed lambs and 

steers was between 0-33% and 6-31% respectively with an 

increase in output per hectare of 28.5% for sheep and 10% 

for cattle. When mixing cattle and sheep, Nicol and Souza 

(1993) also improved lamb and steer growth rates by nearly 

10% because sheep consumed up to 40% of the total dry 



matter refused by steers although conversely Dixon, Frame 

and Waterhouse (1986) recorded similar outputs from 

pastures grazed by cattle only and by cattle and sheep. 

They suggested that cattle would be beneficial in 

maintaining the pasture height at the optimum of 4-5 cm for 

sheep. 

Few studies have been reported with goats although in 

Australia McGregor (1985) reviewed the complementary 

grazing of goats with sheep or cattle on sown swards of 

annual ryegrass, barley grass and subterranean clover. He 

found that Merino wether sheep grazed with Angora wether 

goats in a 1:1 ratio grew 10% more wool per head. However, 

Nicol, Russel and Wright (1993) found no increase in live 

weight gains of sheep or cattle grazing with goats on sown 

pasture possibly because there was not a high enough 

stocking rate of goats to show any changes in diet 

composition. Collins (1989) suggested that complementarity 

of behaviour between mixed species may only occur at 

particular times of the herbage growth cycle with respect 

to pasture species balance and sward structure. 

On sown swards, Collins (1989) showed experimentally 

that when cattle grazed with goats in a 50:50 ratio of 

metabolic bodyweight they both increased their dry matter 

intake, demonstrating complementarity behaviour. Also, Van 

Dyne, Brockington, Szocs Duek and Ribic (1980) recorded a 

lower dietary overlap (0.50) between cattle and goats than 

between cattle and sheep (0.80) , and therefore the 

potential for complementarity was greater. Finally, 

Townsend and Radcliffe (1990), working with lambs grazing 

with goats and sheep, recorded higher live weight gains as 

the goat to sheep ratio increased. 



2.5.2.1.2. Pasture production. 

Nolan (1982) and Arosteguy et al. (1983), among 

others, implied that enhancement of pasture growth was a 

reason for increased animal productivity in mixed grazing. 

Boswell and Cranshaw (1978) recorded an increase in 

pasture production of 2.5 tons/ha/annum on ryegrass/clover 

swards from a cattle plus sheep pasture over the single 

sheep and cattle pastures but Hodgson, Arosteguy and Forbes 

(1986a) failed to show any increased levels of herbage 

production on perennial ryegrass swards. Arosteguy et al. 

(1983) and Monteath, Johnstone and Bosell (1977) suggested 

that sheep pastures intrinsically produce more DM than do 

cattle pastures because the tiller populations density is 

higher. 

It can be concluded that more information is needed 

to assess the potential of using goats in particular in 

mixed-stocked grazing systems based on grass/legume swards. 

2.5.2.2. Sequential grazing. 

Sequential grazing involves two (or more) animal 

species grazing a common area of land at different times. 

The timing of when an animal utilizes the pasture in 

relation to other animals of the same species is an 

important determinant of the quality of forage selected and 

probably nutritient intake (Coppock, Ellis and Swift, 1986; 

Vallentine, 1990) 

Temporal variation in grazing strategies is related 

primarily to the short- and long-term effects of 



defoliation on quantity of forage produced (efficiency of 

energy capture) and consumed (harvest efficiency), and 

secondarily to the quality of forage produced and. consumed 

(efficiency of conversion; Heitschmidt and Taylor, 1991; 

Langvatn and Hanley, 1993). Competition for food between 

livestock or herbivorous wildlife varies over time and 

space as a function of demand relative to the quantity and 

quality of forage available (McNaughton, 1986; McNaughton 

and Sabuni, 1988; Barnes, Heitschmidt and Varner, 1991; 

Rittenhouse, 1991) 

Natural grazing succession may play a part in 

circulating grazing pressure and preventing localized 

overgrazing (Novellie, 1991) Studies on natural 

environments in North America (Anderson and Scherzinger, 

1975; Collins and Urness, 1983; Urness, 1982) with elk and 

mule deer and in the Serengeti, Kenya (Blankenship and 

Overton, 1974) with Thompson's gazelle showed an 

improvement in the quality and pasture structure of the 

forage available for these herbivores by previous livestock 

grazing. Similar relationships have been shown between 

syinpatric wildlife species such as blue wildbeest, zebra, 

and Thompson's gazelle (McNaughton and Sabuni, 1988) and 

horses, sheep and goats in the Himalayas (Negi, Rikhari, 

Ram and Singh, 1993) and bushbuck, cattle, duiker, gelada, 

horses, klipspringer and Walia ibex in Ethiopia (Dunbar, 

1978) . In Serengeti savanna, Gwynne and Bell (1968), Bell 

(1969, 1970, 1971) , Jarman and Sinclair (1979) and 

McNaughton, (1976, 1978, 1979, 1985) demonstrated how 

different species of ungulate select different plant parts 

from the same plant species. Murray and Brown (1993) 

showed that the composition of these natural grass swards 

and their growth stage affects the foraging efficiency of 

wildebeest, topi and hartebeest and then determined their 

ecological separation (niche separation). This habitat 

segregation reduces competitive overlap: large bulk grazers 
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facilitate access to shorter grass by smaller species 

(Gordon, 1989; Novellie, 1991; Owen-Smith and Cumming, 

1993) . Du Toit (1990) investigated the use of different 

feeding-height levels in the natural vegetation on Kruger 

National Park (South Africa). Giraffe, kudu, impala and 

steenbok showed a clear stratification in their feeding 

habits through the seasonal cycle. Thus sequences of 

animal species are a common phenomena in natural grazing 

ecosystems and can facilitate feeding of different animal 

species. 

Differences in diet selection between different 

species and their impact on sward composition and structure 

may offer opportunity for manipulating the clover contents 

of grass/clover swards by appropriate sequences of animal 

species. For example, in grazing studies involving sheep 

it is rare for the level of white clover in grass/clover 

pastures to rise above 30%. However, Alder, Cowlishaw, 

Newton and Chambers (1967) and Briseño de la Hoz and Wilman 

(1981) reported high levels of clover content in pastures 

grazed by cattle. For example, grazing with cattle 

compared to sheep will increase the clover content of the 

pasture (Wright, Jones and Parsons, 1992). McCall, 

Semeaton, Gibbison, McKay and Hockey (1986) also measured 

significantly more clover stolon in cattle pastures than 

sheep. Clark (unpublished data, cited by Illius and 

Gordon, 1993) reported that cattle grazed to lower levels 

than goats but tended to leave more clover in pastures 

which can benefit sheep. 

The apparent dislike of goats for clover appear to 

offer opportunities for increasing sheep and cattle output 

either in mixed grazing systems or in a sequential grazing 

systems on temperate grass/clover pastures (Clark et al., 

1982; McGregor, 1985; Collins and Nicol, 1987; Lambert, 

Clark and Rolston, 1987; Radcliffe and Francis, 1988; 
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Radcliffe et al., 1991) . Also, the grazing management of 

sheep and cattle is dictated to a large extent by the need 

to prevent seed-head formation which affects pasture 

quality and productivity. This can be avoided by goat 

grazing (Russel et al., 1983; Grant et al., 1984; Russel 

and Lippert, 1987) . Radcliffe et al. (1991) and Collins 

and Nicol (1987) found that on ryegrass-clover swards the 

pasture remaining after grazing with goats had relatively 

more leaf than the pasture remaining after grazing with 

cattle (higher stem and clover fraction) or with sheep. 

Therefore, Radcliffe et al. (1991) recommended that cattle 

or sheep should follow goats for best utilization of the 

clover. 

This complementary nature of sheep, goat and cattle 

grazing behaviour suggests the possibility of increased 

meat, fibre and wool production. Eown, McCall, Scott, 

Watson and Dow (1989) reported that doe goats grew twice 

as fast when high-producing pastures were grazed by a 

following mob of cattle and sheep, compared to goat-only 

grazing systems. Also, improved lamb growth has been 

associated with higher clover contents in pastures grazed 

with goats in the preceding spring (Radcliffe and Francis, 

1988) or with cattle (Wright et al., 1992) compared to 

pastures previously grazed with sheep. However, as pointed 

out by Collins and Nicol (1987) the potential for dietary 

complementarity between cattle, sheep and goats is highly 

dependent upon the state of the pasture being grazed. 

2.6. Summary. 

Herbage quality, sward structure, animal intake and 

diet selection are closely linked. The goals of grazing 

management have been identified as those which: (i) match 
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the seasonality of available feed with the pattern of 

intake and with the selective behaviour of the animals, 

(ii) maintain a high quality of feed and a desirable sward 

structure, particularly with respect to light interception, 

height, leafiness, and density and (iii) optimize the 

management of the grassland species with the manipulation 

of herd structure. 

It has been shown that producing pastures of higher 

white clover content by manipulation of the species of 

grazing animal may be possible and needs further 

evaluation. Not only is there a role for white clover 

swards on low-input sheep and beef, lowland and upland, 

enterprises but there may be a role for goats to enhance 

the clover content of the sward in which fertilizer N may 

be used only strategically and sparingly. 

Changes in animal species by a sequential grazing 

management may would allow sward conditions to be 

manipulated to induce desirable changes in both sward 

production and composition. Grazed grass-clover swards 

provide a useful model system to test the complementarity 

of sheep, cattle and goats under a sequence of different 

animal species at different times and thereby to improve 

our understanding of the processes by which these 

supposedly different foraging behaviours could modify the 

development of clover in low-input sown swards. It has 

been argued that it is important to identify the sward 

structure responses to their activities. 
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CHAPTER 3 

EXPERIMENT ONE 

The effect of animal species on sward composition and 

on the diet selected by a subsequent animal species grazing 

grass/clover swards. 

3.1.. Introduction. 

The review of the literature indicates that the diet 

selected by grazing animals results from a combination of 

sward and animal factors. In particular there are 

differences between animal species which may be sufficient 

to result in changes in the botanical composition and 

canopy structure of swards. It suggests that differences 

in the balance of grass and clover and in their spatial 

arrangement might occur under grazing by different animal 

species. Thus, choice of grazing species may be an 

important factor in the management of grass/clover swards. 

The main objective of this experiment was to identify 

the changes in the sward components and canopy arrangement 

that occur on grass/clover swards when grazed by different 

domestic livestock: cattle, sheep and goats, and their 

potential facilitating implications on the diet selected 

by a subsequent grazing species: sheep or goats. 
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3.2. Materials and methods. 

3.2.1. Site. 

The experiment was conducted in one field at the 

Macaulay Land Use Research Institute's Hartwood Research 

Station, situated near Shotts, Lanarkshire (map reference 

NS 848602) in central Scotland during 1991. 

The soil is of a clay loam type with impeded drainage 

and classified in the Rowanhill Soil Series: a poorly 

draining non-calcareous gley soil developed on a clay loam 

layer derived from sedimentary rocks of the Carboniferous 

Period characterised by low levels of available phosphorus 

and medium levels of available potassium. 

The farm lies between 150-300 m above sea level. The 

average rainfall is 1066 mm per year. The generally wet, 

cool conditions give rise to a comparatively short growing 

season, with about 200 days when soil temperatures exceed 

60 C. 

3.2.2. Experimental design. 

Three different animal species (pre-species) : cattle 

(Prsp-C), sheep (Prsp-S) and goats (Prsp-G) continuously 

grazed a ryegrass/white clover sward in separate paddocks 

of 1.0, 0.4 and 0.4 ha respectively at a target sward 

height of 6 cm from the 23 May to 28 July (Phase 1). There 

were two replicate paddocks for each animal species 

treatment, i.e. 6 paddocks in total in Phase 1. Treatments 

were allocated to paddocks at random within each replicate 
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but no two paddocks with goats were adjacent (see Figure 

3 .1a)  

On 29 July, each sheep and goat paddock was subdivided 

into two plots of 0.2 ha while two plots of 0.2 ha were 

created in each of the cattle paddocks. Each plot was 

grazed by sheep (Sp-S) or goats (Sp-G) from 29 July until 

2 September (Phase 2; see Figure 3.1b). 

The experiment had thus a 3 x 2 factorial design, i.e. 

three animal species in Phase 1 and two animal species in 

Phase 2. To avoid confusion the term 'paddock' has been 

used to refer to the experimental areas in Phase 1 and 

'plot' for the experimental areas in Phase 2. 

3.2.3. Sward. 

The experimental area consisted of a perennial 

ryegrass- (Lolium perenne) dominant and white clover-

(Trifolium Repens) sown sward mixture. On 15 May 1989, 28 

kg/ha of a mixture of early and late flowering perennial 

ryegrass was sown while on 8 July 1990, 5 kg/ha of white 

clover was slot-seeded into the established sward (see 

Table 3.1). 

In April 1991, a light dressing of cattle slurry 

supplying approximately 14 kg/ha of N, 4 kg/ha of P and 23 

kg/ha of K was applied. Granulated compound fertiliser was 

applied twice thereafter: an application of 36 kg/ha of N, 

18 kg/ha of P205  and 18 kg/ha of K2O on 18 April and a later 

application on 24 July of 60 kg/ha of P205  and 60 kg/ha of 

K20- 
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Figure 3 1. Plan (approximately to scale) of the experimental 

layout of :he two oases of Experiment 1: 

sheep, goat and cattle paddocks in Phase 1 
sheep and goat plots in Phase 2 

ai phase 1. 

ALLEY AREA 

Sheep 3oacs Sheep Goats ADJACENT 
AREA 

0.4 ha 3.4 ha 0.4 ha 0.4 ha (not to 
scale) 

Cac:. C 
Cattle 

I ha 1 ha 

b) Phase 2, 

MAIN ALLEY AREA 

Sheep Goats Sheep Goats 

0.2 ha 0.2 ha 0.2 ha 0.2 ha 

Goats Sheep T Goats Sheep 

0.2 ha 0.2 ha 0.2 ha 0.2 ha 

Sheep Goats Sheep Goats 
0.2 ha 

AREA 
(not to  

0.2 ha 0.2 ha -------*---------------

-

scale) 0.2 ha 

DJACENT ADJACENT 

AREA AREA 

Permanent fence erected throughout the - 

experiment (Phase 1 and Phase 2) 

Fence erected at the end of Phase 1. 
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Table 3.1. Details of re-seeding of swards used in 

Experiment I. 

Sowing Date Species Variety Seed rate per ha 

(kg/ha) 

15 May 1989 perennial 

ryegraSS 
14 

m 

Baranfla 

Condesa 

Contender 

.1 

8 July 1990 white 

clover 

Du r amo 

Macella 

Riveridel 

4.0 

2.5 

Kent. Wild 2.5 

White 
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3.2.4. Animals. 

Phase 1 

A maximum of 79 goats, which were approximately 14 

months old at the start of the experiment, were used. They 

were castrated males of a range of genotypes containing 

0.25-0.50 Scottish Feral and 0.75-0.50 exotic genes of 

Tasmanian, Icelandic or New Zealand origin. They were 

allocated to paddocks by restricted randomization balanced 

as far as possible for genotype and live weight. 

A maximum of 30 Greyface (Blue-faced Leicester x 

Scottish Blackface) ewes with 43 Suffolk-cross lambs born 

in March 1991, were used, allocated at random to paddocks 

but balanced for ewe live weight. Twenty Charolais-cross 

yearling steers born in March/April 1990, were allocated 

at random according to their age and live weight to the two 

paddocks. An additional five mature Hereford-Friesian cows 

and their Charolais-cross calves, born in September /October 

1990, had to be used for a short period to impose the 

appropriate sward height. 

Phase 2 

The sheep used in Phase 2 were 50 yearling Greyface 

female sheep (gimrners) . They were also randomly allocated 

to each plot. The goats were the same flock of yearling 

castrated goats which had been used in Phase 1. 

An additional six yearling castrated male goats and 

six Greyface gimmers from the same flocks of animals used 
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in Phase 2 were oesophageally fistulated. 

3.2.5. Management. 

Paddocks were stocked when the mean sward surface 

height of treatment paddocks reached 6 cm on 23 May. The 

initial stocking rate for all the species was calculated 

according to the mean energy requirements of the animals 

(AFRC, 1993), adjusted for the energy costs of grazing, and 

an estimate of herbage growth rate. A target sward surface 

height of 6 cm was maintained on all paddocks by regular 

adjustment of animal numbers in both Phase 1 and 2. An 

adjacent area in the same field was grazed by animals not 

on the experimental area. 

All the sheep and goats were dosed every five weeks 

with an anthelmintic 2.5% w/v Fenbendazole (Panacur, 

Hoechst Animal Health, UK) and were treated with an 

ectoparasiticide 6.0% w/v Cyromazine (Vetrazin, CIBA-GEIGY 

Agriculture, UK) at the start of the experiment and at the 

beginning of Phase 2. The cattle were treated with Ivomec 

three weeks after turn-out. 

Water and a mineral lick supplement were available to 

each group of animals. One shelter per group of goats was 

provided to protect the goats from rain and wind. 
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3.2.6. Pasture measurements. 

3.2.6.1. Sward. height. 

The surface height of the undisturbed sward was 

estimated twice weekly using the HFRO sward stick 

(Barthram, 1986). The mean height of the sward in a 

paddock or plot was calculated from 50 measurements of the 

first contact with green leaf obtained randomly when 

walking a 'WI shaped path through each paddock or plot. 

On the basis of these height measurements, animal numbers 

on each paddock or plot were immediately adjusted as 

necessary to maintain the swards as near as possible to a 

target sward height of 6 cm. 

3.2.6.2. Sward composition. 

Sward composition was measured on three occasions 

during the experiment: at the end of Phase 1 (22-24 July; 

Period 1) and in the middle (5-12 August; Period 2) and end 

(26 August-2 September; Period 3) of Phase 2. 

These measurements were designed to provide estimates 

of the vertical structure of plant species and plant 

components in short, medium and tall areas of each paddock 

(Phase 1) or plot (Phase 2) 

This was done using a sward gripping device 

(Barthram, 1992) . Twenty-four samples were located at 

random when walking a 'W' shaped path through each paddock 

(Phase 1) or plot (Phase 2). The gripper equipment (made 

by Mr. N. Turnbull Scottish Centre for Agricultural 



Engineering, Bush Estate, Penicuik, Midlothian, UK), 

consisted of a pliers-like instrument with parallel 

gripping surfaces which are lined with corrugated rubber 

(see Figure 3.2). When open, the gripping surfaces 

delineated a rectangular area of 20 cm2. The arms were 

slid into the sward at ground level causing minimum 

disturbance. The jaws were closed and gripped the sward 

and the herbage was cut at ground level with hand shears. 

Any entangled, but ungripped, material was removed and the 

sward sample was cut into four different horizontal layers 

(horizons) every 2 cm from the base upwards. To achieve 

this, plastic boxes were used with a box for each horizon 

fitted with wooden batons as guides to ensure that the 

horizontal cuts were made at the correct heights on the 

sample (Barthram, 1992; Barthram and Grant, 1994; see Plate 

3.2). Each sample was therefore divided into horizons of 

0-2, 2-4, 4-6 and >6 cm above ground level. 

Prior to cutting each sample to ground level, three 

sward heights were measured within it with the HFRO sward 

stick, recorded and used to calculate the mean height of 

each sample (see Plate 3.1) 

Subsequently, on each paddock or plot, all the samples 

from each horizon were bulked on the basis of the mean 

sward height of the samples with three height categories 

of eight samples i.e. short, medium and tall. 
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Figure 3.. The gr±ppiflg equ.;eflC. 

(From Barthram, 1992) 
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Plate 3.1- Measuring sward heights in a 20 cm2  sampled 

quadrat area, prior to cutting to ground level. 
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) 

Plate 3.2- Cutting the 20 cm2  quadrat sample into four 

horizontal layers (horizons) . The wooden batons were used 

as guides to determine the position for cutting. 
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The bulked horizons were stored at -20 °C until washed 

and manually separated into the following nine components: 

- grass leaf 

- grass pseudostem 

- grass flowerstem 

- dead grass 

- clover lamina and petiole 

- clover flower 

- clover stolon 

- dead clover 

- other species 

Each component was oven dried at 80 °C for 24 hours 

and the dry weight subsequently recorded and converted to 

kg DM/ha for each horizon. 

3.2.7. Animal measurements. 

3.2.7.1. Diet selected. 

Estimates of diet selection were obtained from 

oesophageally fistulated sheep and goats from each plot in 

Phase 2 on the same days on which sward composition was 

measured. 

3.2.7.1.1. Oesophageal .fistulates: techniques and care. 

Surgical preparation followed the procedure of Bishop 

and Froseth (1970) . Plugs of two designs were used. The 

first, similar to that described by Stobbs (1973a) and by 
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Forbes (1982), was a rubber plug on a cord constructed with 

a polythene collar, fitted into the oesophagus of six sheep 

and six goats following surgery on 6 June 1991. After the 

operation the animal were housed for 14 days to allow close 

observation. From 20 June to 14 July, the animals were 

kept on pastures similar to and close to the experimental 

area with a water supply and a mineral lick supplement. 

The fistula was cleaned at weekly intervals throughout the 

experiment. The second plug was a split, 'T' shaped rubber 

cannula (McManus, 1981), replacing the first one when the 

fistula reached a requisite size at least 3 weeks before 

the first samples were collected. 

From 15 July, one month before their use, the 

oesophageally fistulated animals were rotated around all 

plots twice to allow them to become familiar with the 

swards and with the rest of the experimental animals. 

Preliminary training was carried out by fitting a polythene 

collection bag to each fistulated animal without removing 

the plug. This allowed the fistulated animals to become 

accustomed to the procedure and the non-fistulated animals 

to become accustomed to having the fistulated animals with 

them and so avoid interference during grazing. 

Oesophageal extrusa was sampled from each animal by 

temporarily removing the T-shaped plug before the 

collecting period and fitting a 200 gauge 530 mm x 660 mm 

polythene bag around the neck. The animals were then 

allowed to graze undisturbed for about 15 minutes for each 

sample collection period. Samples contaminated with rumen 

fluid were discarded. All acceptable samples were 

transferred to a 190 mm x 190 mm mini-grip polythene bag 

and placed immediately in a insulated chilled container 

before being stored at -20 °C. 

The fistulated animals grazed each plot for 24 hours 



before samples were collected from them. During each 

measurement period, samples were collected from each sheep 

once on each plot grazed by sheep, i.e. six samples per 

plot per period. Because only three fistulated goats were 

eventually available, two samples were collected on each 

occasion (about 4 hours apart) from each goat, again giving 

six potential samples per plot. 

3.2.7.1.2. Diet composition. 

Extrusa samples were stored at -20'C until required. 

They were freeze dried to constant weight. Subsequently, 

the dried sample was thoroughly but gently mixed and a 

small portion (10 g of DM mass) was subsampled and manually 

separated into the same components as described for the 

pasture samples: 

- grass leaf 

- grass pseudostem 

- grass flowerstem 

- dead grass 

- clover lamina and petiole 

- clover stolon 

- clover flower 

- dead clover 

- other species 

- unidentified remainder. 

Finally, samples were oven dried for 24 hours at 80 °C 

and their dry weight recorded. Results were expressed as 

a percentage of dry matter for each component. 
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3.2.7.1.3. 'In vitro' digestibility. 

After a portion of the freeze-dried extrusa sample had 

been subsampled for botanical composition, the remainder 

of the extrusa sample was ground through a 1 mm screen. 

A subsample of 3 g of DM mass was subjected to the in vitro 

digestibility procedure described by Tilley and Terry 

(1963) as modified by Alexander and McGowan (1966) 

Results were expressed as a proportion of dry matter for 

each component. 

3.3. Statistical analysis. 

The data were analysed using Genstat 5.2 (Lawes 

Agricultural Trust, 1990) and Minitab 7 (Minitab Inc., 

1989) statistical packages. Tests for normality were done 

on the data prior to analysis. Genstat 5.2 was used for 

analysis of variance (ANOVA) and regression analysis. 

Minitab was used to perform chi-squared tests. 

3.3.1. Sward height. 

Comparisons of the frequency distributions of sward 

height measurements between treatments within each Phase 

(Phases 1 an 2) were made using a x2  test to compare the 
number of measurements above or below 8 cm. Mean sward 

heights in Phase 1 were compared using an ANOVA with 

replicate and pre-species as treatment factors and paddock 

as a blocking factor. In Phase 2 a hierarchical analysis 

of variance was used with replicate, pre-species and 

species (plus the interaction of pre-species x species) as 

treatment factors and plot nested within paddock as a 

blocking factor. 
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3.3.2. Sward composition. 

The general procedure was to analyse data for each 

botanical component separately using ANOVA, with a separate 

hierarchical nested analysis for each of the three sampling 

periods (Periods 1, 2 and 3) . To test for effects of 

treatment on overall sward composition, the percentages of 

the different components were analysed using replicate and 

pre-species as factors in Period 1 and replicate, pre-

species and species (plus the pre-species x species 

interaction) as factors in Periods 2 and 3 with paddock 

(Period 1) or plot nested within paddock (Periods 2 and 3) 

as blocking factors. Also, differences in percentages of 

each botanical component between sward height categories 

were analysed with replicate, pre-species and sward height 

category (plus the interaction of the last two) as factors 

in Period 1 and replicate, pre-species, species and sward 

height category (plus the interaction of the last three) 

as factors in Periods 2 and 3 and sward height category 

nested within paddock (Period 1) or sward height category 

nested within plot within paddock (Periods 2 and 3), as 

blocking factors. 

The amounts (kg/ha) of the nine botanical components 

in each of the four horizons were analysed with replicate, 

pre-species, sward height category (plus the interaction 

of the last three) as factors in Period 1 and replicate, 

pre-species, species, sward height category and horizon 

(plus the interaction of the last four) as factors in 

Periods 2 and 3. The blocking factors were the same as 

those used for comparison of sward height categories. An 

example of ANOVA is given in Appendix 3a. 

In addition to analysing the sward composition as a 

whole the composition of the 'sward surface' was also 



calculated and analysed. Within each sward height category 

in each paddock or plot, an 'average' sward surface 

composition was calculated from the composition of each 

horizon, weighted for the number of sward height 

measurements (recorded prior to cutting to ground level) 

in each horizon. This was done by multiplying the weight 

(kg/ha) of each component in a horizon by the number of 

height observations falling within that horizon height 

band. Following the calculation of the totals produced, 

they were divided by 24 i.e. the number of height 

measurements in each sward height category (eight quadrats 

x three height measurements per quadrat). 

The percentage of each component calculated, which has 

been defined as the 'sward surface', was analysed for 

differences due to treatment and sward height category as 

described above for total sward composition. 

Analyses of variance were also carried out on the 

differences in percentage of each botanical component 

between sampling periods. 

3.3.3. Diet selection. 

Because only three oesophageally fistulated goats were 

available for each sampling period compared to six sheep, 

each goat was used to obtain two samples per plot to 

provide the same total number of samples from each plot for 

sheep and goats. Consequently when individual animal 

effects were incorporated in the ANOVA, the data were not 

balanced. Plot nested within animal was used as a blocking 

factor in the analysis of variance for each botanical 

component of the diet selected by either sheep or goats. 

Data from sheep from both sampling periods (Periods 2 and 
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3) were analysed with replicate, pre-species and sampling 

period (plus the interaction of pre-species x period) as 

factors. Data from goats were analysed separately for each 

sampling period with replicate and pre-species as factors. 

Differences between sheep and goats in the percentages of 

botanical components selected in the diets were analysed 

for each sampling period by Student's paired t-test 

comparisons using pooled estimates of the standard errors 

from the ANOVA to calculate standard errors of differences. 

In vitro digestibility of the diet selected was analysed 

in the same way. 

3.3.4. Comparison of composition of the diet and of the 

sward. 

Regressions were fitted between percentages of total 

clover in the diet selected by sheep and goats in Phase 2 

(Periods 2 and 3) and percentages of total clover in the 

sward and 'sward surface' by simple and multiple linear 

regressions. Step-wise regression was used to produce the 

simplest linear model (i.e. with the fewest variables) that 

accounted for as much as possible of the variation in the 

response variable (percentage of clover in the diet 

selected) . It was assumed that percentage of clover in the 

diet did not depend on interactions between the explanatory 

variables and their factors. 

3.4. Results. 

The results are presented in the same sequence as is 

followed in the Materials and Methods section i.e. sward 

measurements are presented first, followed by diet 

composition measurements. When the terms paddock and plot 
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are quoted, they refer to the treatment areas in Phases 1 

and 2 respectively. Also to avoid confusion the terms 

Prsp-S, Prsp-G and Prsp-C are used to refer the sheep, goat 

and cattle pre-species treatments in Phases 1 and 2 whereas 

the terms Sp-S and Sp-G refer to sheep and goat species 

treatments in Phase 2. 

3.4.1. Weather. 

Annual rainfall was 1012 mm (95% of average) between 

January and December 1991. There were dry conditions in 

April and May (68.5 and 18.5 mm rainfall respectively) and 

temperatures were low (mean daily temperature of 6.2 and 

10.0 °C respectively) resulting in slow grass growth. 

However, June was relatively wet (115 mm rainfall) and cool 

(mean daily temperature of 10.6 °C) . Although July and 

August were warm (mean daily temperature of 15.2 and 14.8 

°C respectively), some wet spells did occur (104.0 mm and 

48.5 mm of rainfall respectively in July and August) during 

Phase 2 of the experiment. Wetter conditions (101 mm 

rainfall) occurred in September (see Figure 3.3). 

3.4.2. Sward heiqkt. 

Overall mean sward heights for each pre-species 

treatment in Phase 1 and Phase 2 are given in Table 3.2 and 

Table 3.3 and are presented graphically in Figures 3.4 

(Phase 1) and 3.5 (Phase 2). Initial differences in sward 

surface heights between pre-species treatments when sward 

heights were above target disappeared by the time all 

paddocks were grazed down to 6.0 cm in early June. From 

then, differences between pre-species treatments (see Table 

3.2) were not statistically significance. 
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Figure 3.3. Monthly mean temperatures (°C) and rainfall 

(mm) recorded at the experimental site during 1991. 
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Figure 3.4. The pattern of change in a) sward surface 

heights and b) stocking density in Phase 1. Target sward 

height was 6.0 cm 
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Table 3.2. Overall mean sward surface heights in Phase 1 

(24 May- 25 July) (n = 1900). 

Pre-species 

sheep goats cattle sed. 

Sward height 5.93 6.37 6.34 0.331 

(cm) 

- Overall grand mean was 6.21 cm. 

Table 3.3. Overall mean sward surface heights in Phase 2 

(29 July - 2 September) (n = 1100) 

Pre-species 

sheep goat cattle 

species sheep goat sheep goat sheep goat sed. 

Sward 0.326a 

Height 5.73 6.07 5.89 6.48 5.69 6.11 0.422' 

(cm) 

- sed. of means with different pre-species level. 
b_ sed. of means with same pre-species level. 

In Phase 2, the overall mean sward surface heights 

remained close to the target height of 6.0 cm and did not 

differ significantly between the three pre-species 
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treatments (5.90, 6.18 and 5.90 cm for Prsp-S, Prsp-G and 

Prsp-C respectively; sed 0.331), or between species 

treatments (Sp-S and Sp-G: 5.77 and 6.22 cm respectively; 

sed 0.244). 

Stocking densities in Phase 1 and Phase 2 are shown 

in Figure 3.4b) and in Figure 3.6 respectively. Similar 

patterns of stocking density occurred on all the pre-

species treatments from the end of May to the middle of 

July. From 4 July the stocking density of sheep and cattle 

had to be increased to keep sward heights on target while 

the stocking density of goats continued to decrease. 

During Phase 2 there was a trend for higher stocking 

densities for goats and sheep to be required on the Prsp-G 

treatment than on Prsp-C and Prsp-S treatments (Figure 

3.6) . Mean stocking densities were 25.0, 24.0 and 19.5 

sheep/ha on Prsp-G, Prsp-S and Prsp-C treatments 

respectively (sed. 3.74; ns) while 80.8, 63.5 and 60.2 

goats/ha were used on Prsp-G, Prsp-S and Prsp-C treatments 

respectively (sed. 11.33; p<O.l) 

3.4.2.1. Sward height patchiness. 

The frequency distribution of the observed sward 

heights in Phase 1 and Phase 2 are shown in the histograms 

in Figures 3.7 and 3.8. Differences in the distributions 

of heights between treatments were compared using a 

Pearson's chi-square test (x2) to contrast the proportion 

of heights above 8 cm. The Prsp-C, Prsp-G and Prsp-S 

treatments had respectively 16.6%, 15.9% and 8.8% of 1900 

heights recorded above 8 cm (2=59•69; df =2; p<0.001) 

This indicates that the paddocks grazed by cattle and goats 

had a more skewed distribution of sward heights with more 

tall areas. 
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Figure 3.7. Frequency distribution of sward 

surface height measurements classified by pre-

species: sheep (Prsp-S), goat (Prsp-G) and 

cattle (Prsp-C) in Phase 1. Measurements are 

grouped in 2 cm bands. 



Prsp-S 

+ 
+ 
+ 

Sp-S 
+ SP-0 

ED 
 

r- I 

I 

150 100 50 0 50 100 IOU 

no. of observations no. of observations 

Prsp-G 

+ 
+ 

Sp-S Sp-0 

160 100 50 0 60 100 160 

no. of observations no. of observations 

(cm) 

'20 

18-20 

18-18 

14-18 

12-14 

10-12 

8-10 

6-6 

4-6 

2-4 

0-2 

(cm) 

'20 

18-20 

18-18 

14-18 

12-14 

10-12 

8-10 

8-6 

4-6 

2-4 

HA 
 

FA 

Prsp-C 

(cm) 

'20 

18-20 

16-18 

14-la 

12-14 

10-12 

8-10 

6-8 

4-8 

2-4 

0-2 

+ 
+ 
+ 

Sp-S Sp-G 

T1 
-I 

50 100 60 0 60 100 IOU 

no. of observations no. of observations 
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and by species: sheep (Sp-S) and goat (Sp-G) 

in Phase 2. 



During Phase 2, the differences created by the effects 

of the pre-species in Phase 1 remained statistically 

significant with 11.7%, 14.4% and 9.8% of 2200 heights in 

the former cattle, goat and sheep treatments respectively, 

being above a height of 8 cm (X2=22.70; df=2; p<O.00l) 

Animal species in Phase 2 (Sp-S or Sp-G) also affected the 

distribution of sward heights. Only 8.6% of 3300 sward 

heights were above 8 cm on plots grazed by sheep (Sp-S) in 

contrast to 15.4% on plots grazed by goats (Sp-G; X22 • 88 ; 

dfl; p<O.00l) indicating a more even distribution of sward 

heights on sheep-grazed plots as in Phase 1. 

The highest percentage (44.3%) of 1100 sward height 

measurements in Phase 2 above 8 cm was on the treatment 

grazed throughout the experiment by goats (treatment Prsp-

G:Sp-G) while the lowest percentage (6.9%) was on the 

treatment grazed throughout by sheep (treatment Prsp-S:Sp- 

S) 

The mean sward heights of the 24 quadrats used to 

measure sward composition were recorded and the quadrats 

divided into three categories (short, medium and tall) 

according to their heights. The mean heights in each of 

the three categories are summarised in Table 3.4 for Phase 

1 (Period 1) and Table 3.5 for Phase 2 (Periods 2 and 3). 

In Period 1 overall mean heights were 3.16, 4.58 and 7.38 

cm (sed. 0.220) for the short, medium and tall categories 

respectively. Although not statistically significant, 

there was a trend for the tall category to be higher on the 

Prsp-G and Prsp-C paddocks than on the Prsp-S paddocks and 

the short and medium categories tended to be higher on 

Prsp-G paddocks than in Prsp-S and Prsp-C paddocks, 

although the differences were not significant (see Table 

3.4). 
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Table 3.4. Mean sward heights (cm) for short, medium and 

tall quadrats used to measure sward composition in Period 

1. (n = 48) 

Pre-species 

sheep goats cattle sed 

Sward height 

category 

Short 2 90  3 51a 3 06 

o .547 

Medium 432b 506b 435b 

o 381 

Tall 6.72c 7.71c 771C 

a b C means within a column not sharing a common 

superscript differ significantly (p<0.05) 

- sed. of means with different pre-species level. 

- sed. of means with same pre-species level. 

In Phase 2, the heights of the three sward height 

categories were 3.73, 5.00 and 6.76 cm (sed. 0.171) for 

short, medium and tall categories respectively (Table 3.5). 
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Table 3.5. Mean sward heights (cm) for short, medium and 

tall quadrats used to measure sward composition in Periods 

2 and 3. Data are pooled across both periods (n = 96). 

Pre-species 

sheep goat cattle 

Species sheep goat sheep goat sheep goat sed. 

Sward 

height 

category 

I Short 393a 3.58a 390 3.91a 373 335  

0 .505+  

IMedium 5.38' 503b 489b 513b 4• 69b 485b 

0 . 418'  

I Tall 7.18c 6.68c 6.40c 6.98c 6.56c 6.73c 

a b C means within a column not sharing a common 

superscript differ significantly (p<0.05) 

- sed. of means with different pre-species x species 

level on the interaction pre-species x species x sward 

height category. 

sed. of means with the same pre-species x species 

level on the interaction pre-species x species x sward 

height category. 
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3.4.3. Herbae mass. 

Figure 3 .9  shows mean herbage mass measured during the 

three sampling periods. There were no significant 

differences between pre-species treatments in Period 1 (at 

the end of Phase 1) 

Herbage mass declined throughout Phase 2. Prsp-C 

treatment had lower herbage masses than Prsp-S and Prsp-G 

treatments in Period 2 (p<0.05) but not in Period 3. 

As expected, tall height categories had higher herbage 

masses than medium and short height categories at all 

sampling Periods (p<O.00l) 

3.4.4. Sward composition. 

The results of the sward composition measurements are 

presented separately for each Phase. The effects of 

treatment on overall sward composition is considered first, 

followed by the effects within sward height categories and 

then the effects within horizons. Also the treatment 

effects on the sward surface and the effects within sward 

surface height categories are presented for each Phase. 

Finally, differences between sampling periods are also 

mentioned where it is relevant. 
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Figure 3.9. Treatment herbage masses in Periods 1, 2 and 3. 
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3.4.4.1. Phase 1 (Period 1). 

3.4.4.1.1. Sward. 

Table 3.6 shows the percentages of total clover and 

total grass in the sward in Period 1 at the end of Phase 

1, according to pre-species treatments. For this table and 

subsequent tables of the botanical composition (from Table 

3.6 to Table 3.20) the number of observations were two per 

treatment (n = 2). Grass was by far the dominant species. 

Although there were no significant treatment effects, the 

Prsp-C treatment had a higher percentage of clover (11.8%) 

than the Prsp-S and Prsp-G treatments (9.5% and 8.8% 

respectively; sed. 2.51; ns) . Figure 3.10 shows the 

percentage of the different botanical components according 

to the pre-species treatment. Live grass leaf was the 

largest component, followed by dead grass. Grass 

flowerstem was the smallest grass component. Clover 

lamina-petiole accounted for the majority of clover. The 

only significant differences due to pre-species treatment 

were that on the Prsp-G treatment there was less dead 

clover (0.2%) than on the Prsp-S (0.6%; p<O.00l) or the 

Prsp-C (0.4%; sed. 0.06; p<0.05) treatments and less grass 

pseudostem on the goat-grazed paddocks than on the other 

paddocks (13.3% versus 17.9% and 15.4% for Prsp-G, Prsp-S 

and Prsp-C respectively; sed. 0.08; p<0.001) 

The percentages of each botanical component in each 

sward height category according to pre-species treatment 

are shown in Table 3.7. There was no significant overall 

difference in percentage of total clover (11.8%-short, 

10.0%-medium and 9.2%-tall; sed. 2.60) and total grass 

(85.9%-short, 87.6%-medium, 87.6%-tall; sed. 2.64) between 

sward height categories. Flower was the only clover 

component which differed between height categories with the 

highest percentage in the medium height category (p<O.05). 
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Table 3.6. Percentages of total grass and total clover dry matter components (live + dead) in the 
whole sward and on the sward surface classified by pre-species treatment in Period 1. 

Component Animal pre-species in Phase 1 

sheep goat cattle sed p 

SWARD 

Grass 87.9 87.3 86.5 3.26 ns 

Clover 9.5 8.8 11.8 2.51 ns 

SWARD-SURFACE 

Grass 86.9 80.4 79.4 8.72 ns 

Clover 11.1 15.8 18.2 7.60 ns 



Figure 3.10. percentages of botanical components in the 

whole sward classified by pre-species: sheep (Prsp-S), goat 

(Prsp-G) and cattle (Prsp-C) in Period 1 at the end of 

Phase 1. 
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Table 3.7. Botanical components (%DM) in the whole sward classified by pre-species treatment and by sward height 

category in Period 1 at the end of Phase 1. 

Component Height Animal pre-species in Phase 1 (Prep) Level of significance 

Category 
(Sc) Sheep sed Prep Sc Prop x Sc Goat cattle 

Grass Short 34.3 
32.1 

37.7 
34.1 

28.3 
36.2 6 54.,334b ns ns ns 

leaf Medium 
Tall 36.8 36.5 37.7 

Grass Short 16.6 
16.0 

11.7 
12.4 

13.6 
16.4 3091I365b p=0.06€ ns ns 

pseudostem Medium 
Tall 19.5 14.9 15.9 

Grass Short 1.6 
5.3 

3.3 
2.1 

0.7 
5.4 1• 48,,170b ns ns 

flowerstem Medium 
Tall 5.6 6.4 7.0 

Dead Short 35.8 
32.3 

36.5 
38.8 

38.0 
31-8 494.,294b ns ** ns 

grass Medium 
Tall 27.2 28.0 27.4 

I..,  
FA 
0 Clover Short 6.7 7.3 

6.0 
13.3 
6.6 3•63.,3

•
19b ns ns ns 

lamina-petiole Medium 8.8 
Tall 5.4 7.6 6.4 

Clover Short 2.2 
2.6 

1.7 
1.6 

3.3 
1.5 1 32.11

•
31h ns ns ns 

stolen Medium 
Tall 1.8 0.8 1.8 

Clover Short 0.1 
0.9 

0.1 
0.6 

0.0 
0.6 ns ns 

flower Medium 
Tall 0.0 0.2 0.1 

Dead Short 0.2 
0.4 

0.0 
0.1 

0.4 
0.4 0.22/0.24h ns ns ns 

clover Medium 
Tall 0.7 0.4 0.3 

Other Short 2.7 
1.7 

1.6 
4.3 

2.5 
1.2 l.61'/l.79" ns ns ns 

species Medium 
3.0 5.2 1.5 Tall 

(- sed. of means with different pre-species 
level, - sed. of means with same pre-species level) 



For grass, only flowerstem and dead grass differed between 

height categories with the highest percentage of dead grass 

present in the short category (p<O.Ol) and the highest 

percentage of flowerstem in the tall category. 

Prsp-C treatment had a higher percentage of clover 

than Prsp-S and Prsp-G treatments in the short category 

(17.0% versus 9.2% and 9.2% respectively; p<0.05) and 

tended to have more clover in the tall category (10.6% 

versus 7.9% and 9.0% respectively; ns) while in the medium 

category, the Prsp-S treatment had the highest percentage 

of clover (12.6%, 8.2% and 9.0% in the Prsp-S, Prsp-G and 

Prsp-C treatments respectively; overall sed. 2.60; ns) 

Since clover lamina-petiole accounted for a high percentage 

of total clover it followed a similar pattern. 

In Period 1, there were very highly significant 

differences in the mass of all the botanical components 

between different horizons (p<O.00l in each case except 

p<0.05 for clover flower and dead clover; see Tables 3.8 

and 3.9). The mass of both grass and clover (live plus 

dead material) was higher in the lower horizons: 2529, 387, 

183 and 154 kg/ha (sed. 66.5) for grass and 248, 55, 40 and 

29 kg/ha (sed. 20.1) for clover in the 0-2 cm, 2-4 cm, 4-6 

cm and >6 cm horizons respectively (p<0.001) 

The vertical distributions of the nine sward 

components for Period 1 are given graphically in Appendix 

1 from Figure A1.1 to Figure A1.9 while the distribution 

of total grass and total clover components are described 

by Figures 3.11 and 3.12. Different vertical profiles of 

total grass (p<0.05), grass leaf (p<0.05), dead grass 

(p=0.052) and several clover components developed under 

different pre-species treatments. 
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Table 3.R. Botanical components (kg/ha/horizon) of the whole sward classified by pre-species treatment, by sward height 

category and by horizon in Period 1 at the end of Phase 1. Levels of significance are shown in Table 3.9. 

Pre-species Slie.'p Go-.t Cattle 

Might Category Short Medium Tall Short Medium Tall Short Medium Tall 

Component Horizon (cm) 

0-2 147 690 852 975 1028 183 640 741 749 

Grass 2 4 120 208 479 150 240 478 III 713 346 

4-6 17 94 280 25 100 294 12 82 330 

.6 4 30 232 3 24 250 2 24 419 

0-2 426 484 839 353 446 624 363 436 565 

Grass 2 4 1 11 80 5 73 101 6 33 92 

pserrd.rster' 4-6 0 6 31 0 6 21 1 8 63 

-.6 0 16 29 0 0 10 0 0 50 

0 2 19 114 165 RI 59 221 1 1 141 206 

2 4 0 28 42 6 9 22 3 10 40 

4 6 1 6 36 14 2 (8 2 3 44 

.6 0 17 38 0 II 48 2 7 56 

0-2 911 952 1248 1111 1561 1211 1003 473 1077 

I.). od 7 4 8 48 80 34 29 144 24 49 153 

4 6 2 14 -, 2 11 29 2 II 65 
qra,1 

6 1 15 31 3 ii I) II 2 34 

0-2 158 174 169 199 153 I IQ 182 (3) 135 

2 4 9 58 54 42 53 66 63 34 57 

lrir. - pctiole 4-6 7 38 31 1 36 90 6 6 58 

'6 0 4 10 0 B 42 6 21 55 

U 2 '.(. 16 86 R b Ill 15 

clvr'r 2 4 0 6 3 2 3 0 3 7 5 

4-6 0 0 0 0 8 0 I 2 
9 

7 

7 
'6 0 0 0 0 0 0 0 

0 2 2 3 2 1 7 7 0 16 3 

Clus'er 2-4 0 10 0 
0 

3 
0 

0 
10 

2 
3 

1 
0 

1 
0 

0 
0 

4 6 0 12 
0 0 0 0 0 0 0 0 

'6 0 

0-2 1 13 14 1 0 16 8 9 12 

Dead 2-4 4 0 4 0 
0 

2 
0 

0 
7 

3 
0 

2 
0 

3 
3 

Clover 4-6 0 0 
0 

18 
2 0 0 0 0 0 o 

16 0 

0-2 66 36 131 50 124 136 65 33 22 

Other 2-4 0 20 6 3 
0 

25 
22 

81 
37 

4 
0 

1 
0 

9 
9 

species 4-6 0 0 12 
0 0 18 5 0 0 30 

'6 0 0 



Table 3.9. Summary of the results of the analysis of variance of the effects of pre-species treatment (sheep, goats and 
cattle), sward height category (short, medium and tall), horizon (0-2 cm, 2-4 cm, 4-6 cm and >6 cm) and their interactions 
on the nine botanical components in period 1 at the end of Phase 1- 

Grass Crass Grass Dead Clover Clover Clover Dead Other 
leaf pseudostem flowerstexn grass lamina-petiole stolon flower clover species 

Pre-species (Prep) ns ns ns ns US ns ns p=0.088 Its 

Sword height category ns ns p=0.083 
(Sc) 

Horizon (H) 

(Prsp x Sc) US US ns ns Us US US Us 

(Sc x H) US • Us pr0.058 Us ns 

(Prsp x H) flS Us p'0-052 Us US pr0.099 ns ns 

(Prsp x Sc x H) Us ns Us ns ns ns • Us Us 
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Figure 3.11. Grass (live + dead) vertical 

distribution (kg/ha/horizon) within the sward 

grouped by horizon: 0-2, 2-4, 4-6 and >6 cm, by 

sward height category: a) short, b) medium and C) 

tall and by pre-species: sheep (Prsp-S), goat 

(Prsp-G) and cattle (Prsp-C) in Period 1 at the 

end of Phase 1. 
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Figure 3.12. Clover (live + dead) vertical 

distribution (kg/ha/horizon) within the sward 

grouped by horizon: 0-2, 2-4, 4-6 and >6 cm, by 

sward height category: a) short, b) medium and c) 

tall and by pre-species: sheep (Prsp-S), goat 

(Prsp-G) and cattle (Prsp-C) in Period 1 at the 
(cm) end of Phase 1. 



On the Prsp-G treatment in the basal horizon (0-2 cm 

horizon) there were higher amounts of total grass (2822 

versus 2495 and 2269 kg/ha for Prsp-G, Prsp-S and Prsp-C 

respectively; sed. 137.9; p<0.05) and of grass leaf (929 

versus 747 and 852 kg/ha respectively; sed. 49.5; p<0.05) 

Amounts of grass flowerstems in each horizon were 

similar between pre-species treatments but grass pseudostem 

was less abundant in upper horizons (4-6 cm and >6 cm) on 

the Prsp-G treatment (8.8 and 3.2 kg/ha respectively) than 

on the other pre-species treatments (12.5 and 14.9 kg/ha 

on Prsp-S and 24.0 and 16.6 kg/ha on Prsp-C treatments in 

the 4-6 cm and >6 cm horizons respectively) (overall sed. 

40.44). Dead grass tended to be more abundant in the 

lowest horizon (0-2 cm horizon) of Prsp-G paddocks (1297.0 

kg/ha) than on Prsp-C (985.0 kg/ha; p<O.l) and on Prsp-S 

paddocks (1043.0 kg/ha; sed. 103.00; ns). In contrast to 

grass, all the pre-species treatments had similar amounts 

of total clover and clover lamina-petiole in all horizons. 

There was more clover flower (p<0.001) in the 4-6 cm 

horizon on Prsp-G paddocks (7.7 kg/ha) than on Prsp-C (0.0 

kg/ha) and Prsp-S paddocks (3.9 kg/ha; sed. 2.34; p<O.l) 

with no clover in the >6 cm horizon. 

Short sward height categories had more clover and less 

grass in the 0-2 cm horizon compared to medium and short 

height categories. As might be expected there was more 

clover (74 and 71 kg/ha) and more grass (406 and 404 kg/ha) 

in the upper horizons of the sward (4-6 cm and >6 cm 

respectively) on the tall sward height category compared 

to the short (5 and 2 kg/ha of clover and 26 and 5 kg/ha 

of grass) and medium categories (41 and 14 kg/ha of clover 

and 116 and 53 kg/ha of grass; overall sed. 41.7 and 137.9 

respectively) 

116 



Furthermore, tall sward height categories had greater 

amounts in all horizons than short and medium categories 

of grass pseudostem (p<O.Ol), grass flowerstem (p<0.001), 

dead grass (ns), clover lamina-petiole (p<0.05), dead 

clover (ns) and other species (ns) and also there was more 

grass leaf in the 2-4 cm, 4-6 cm and >6 cm horizons on 

taller categories (p<O.00l) 

3.4.4.1.2. Sward surface. 

Although there was a trend towards a higher percentage 

of total clover on the surface of the Prsp-C treatment 

(18.2%) compared to Prsp-G (15.8%) and to Prsp-S treatments 

(11.1%; sed. 7.60; ns), the differences were not 

significant (see Table 3.6). The only botanical component 

to show a significant effect of pre-species was clover 

flower where the Prsp-G paddocks had a higher percentage 

of clover over the surface of the sward (p<O.OS) 

Data on the percentage of the botanical components on 

the sward surface of each sward height category for each 

pre-species treatment are displayed in Table 3.10. There 

was no effect of pre-species on any botanical component on 

the surface of the short, medium or tall areas, nor was 

there a pre-species x sward height category interaction. 

Taller sward height categories had higher percentages of 

grass leaf (p<O.Ol) and grass flowerstem (p<0.001) but less 

dead grass (p<0.01) on the sward surface. Clover flower 

was the only clover component which was affected by height 

category, with more clover flower on the surface of the 

medium than on the short and tall categories (p<0.01). 
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Table 3.10. Botanical components (%DM) on the sward surface classified by pre-species treatment and by sward height 

category in period 1.  

Component Height 
Category 
(Sc) 

Animal 

Sheep 

pre-species in Phase 1 (Prsp) 

Goat Cattle sed 

Level 

Prsp 

01 significance 

Sc Prsp x Sc 

Grass Short 39-1 
47.5 

53.2 
51.1 

37.4 
63.7 841.,6'17b ns ns 

leaf Medium 
Tall 65.9 65.1 56.4 

Grass Short 15.2 
5.6 

4.8 
7.8 

9.2 
513 15 ,65b ns ns ns 

pseudostern Medium 
3.5 8.0 Tall 8.2 

Grass Short 1.3 
7.2 

2.7 
2.0 

0.9 
2.9 1.93/1.8l' ns ns 

flowerstem Medium 
9.9 11.6 7.6 Tall 

Dead Short 32.8 19.3 
8.1 

25.5 
12.7 666,5

•
92b Its • ns 

grass Medium 15.3 
6.1 5.4 6.9 

Tall 

Clover Short 6.7 
15.4 

16.9 
15.0 

21.6 
9.0 96l/8.06' ns 

1mina-petiOle Medium 
17.2 

Tall 6.1 11.7 

Clover Short 2.0 
1.4 

0.8 
2.1 

2.4 
2.1 I . 39/l Its 

stolon Medium 
0.0 0.6 Tall 0.1 

Clover Short 0.1 0.9 
5.6 0.3 1 . 8Y/1 .89" 

0.1
ns Its •  

flower Medium 4 .2 
0.0 0.1 0.0 

Tall 

Dead Short 0,6 
0.1. 

0.0 
0.2 

0.7 
0.3 0.95/0.85b ns ns ns 

clover Medium 
2.1 0.2 0.2 

Tall 

Other Short 2.3 
3.3 

1.3 
8.0 

2.1 
0.1 

388.,3
,
87b ns ns ns 

species Medium 
1.6 2.3 3.2 

Tall 

1- sed.of means with different pre-species level, 
b,  sed. of means with same pre-species level). 



3.4.4.2. Phase 2 (Periods 2 and 3). 

3.4.4.2.1. Sward. 

The mean percentages of grass and clover in the whole 

sward according to pre-species and species treatment are 

given in Table 3.11 while Figures 3.13 and 3.14 show the 

distribution of the percentages of each botanical component 

classified by pre-species x species treatment for Periods 

2 and 3 respectively. During Phase 2 larger overall 

increases in the percentage of clover tended to occur on 

Prsp-C and on Prsp-G treatments (+11.0% and +7.8%) than on 

Prsp-S treatment (+4.8%; sed. 3.69; ns). This trend was 

especially marked between Periods 2 and 3: +9.7%, +6.7% and 

+1.6% for Prsp-C, Prsp-G and Prsp-S treatments respectively 

(sed. 6.27; ns) . As a consequence there was a tendency for 

the percentage of clover on the Prsp-C treatment to be 

higher than on the Prsp-S and Prsp-G treatments: 12.6%, 

9.9% and 13.2% in Period 2 (sed. 2.72) and 22.9%, 14.3% and 

16.5% in Period 3 for Prsp-C, Prsp-S and Prsp-G treatments 

respectively (sed. 3.81). Furthermore there was a tendency 

for larger increases in percentage of clover lamina-petiole 

to occur on Prsp-C and on Prsp-G treatments particularly 

between Periods 2 and 3 (see Figures 3.13 and 3.14). 

Therefore, Prsp-C plots tended to have higher percentages 

of clover lamina-petiole in both sampling periods. Dead 

clover increased on Prsp-G and on Prsp-C treatments and 

decreased significantly on Prsp-S treatments between 

Periods 1 and 2 (p<0.001) . Also, in Period 2, Prsp-S plots 

had more clover stolon (p<O.l) than Prsp-C and Prsp-G plots 

but not in Period 3. 
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Table 3.11. Percentages of total grass and total clover dry matter components (live • dead) in ihe whole sward 
classified by pre-species treatment and by species treatment in Periods 2 and 3 in Phase 2 - 

pre-species (Prsp) sheep goat cattle Level of significance 

species (Sp) sheep goat sheep goat sheep goat sed Prsp Sp Prsp x Sp 

Period 

Grass 2 87.2 82 6 31 7 81 8 84 7 85.9 3.35/ 3 51 ii.1 ns ris 
86-5 79 8 95.5 75.8 79 . 3 70.8 6 87/ 7 7 ii:; ns ris 

Clover 2 10.6 14 7 5.3 14.4 13.8 12.6 3.25'/ 2 50' W3 P=O. 070 ns 

3 11.3 37.3 12.1 20.9 18 2 27.5 6.58/ 7.59' ns ns ns 

(- sed of means with different pre-species level u.sed. of means with same pre-species level) 



Figure 3.13. percentages of botanical components in the 

whole sward grouped by pre-species a) sheep (PrsPS), b) 

goat (Prsp-G) and c) cattle (Prsp-C) and by species: sheep 

(Sp-S) and goat (Sp--G) in Period 2 in Phase 2. 
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Figure 3.14. Percentages of botanical components in the 

whole sward grouped by pre-species; a) sheep (PrspS), b) 
goat (Prsp-G) and c) cattle (Prep-C) and by species: sheep 

(Sp-S) and goat (Sp-G) in Period 3 at the end of Phase 2. 
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In contrast to clover, a decrease in the percentage 

of grass occurred during Phase 2: 84.9%, 86.7% and 85.3% 

grass (sed. 2.25; ns) in Period 2 and 83.2%, 80.6% and 

75.0% grass (sed. 4.19; ns) in Period 3 were present on 

Prsp-S, Prsp-G and Prsp-C treatments respectively. The 

percentage of dead grass was higher on Prsp-C and Prsp-S 

plots than on Prsp-G plots (p<0.1) although the Prsp-G 

treatment had higher dead grass masses in the 0-2 cm 

horizon through both sampling periods. 

Grazing by goats in Phase 2 (the Sp-G treatment) 

increased the percentage of clover to a greater extent than 

grazing by sheep (the Sp-S treatment): +11.9% versus +3.8% 

from Period 1 for Sp-G and Sp-S treatments respectively 

(sed. 4.38) . This was already noticeable between Periods 

1 and 2: +3.9% versus -0.1% for Sp-G and Sp-S respectively; 

sed. 2.03) leading to overall percentages of clover on Sp-G 

and on Sp-S plots of 13.9% versus 9.9% (sed. 1.44; p<O.l) 

in Period 2 and 21.9% versus 13.9% (sed. 4.38; ns) in 

Period 3. Also from Period 1 to Period 2, the Sp-G 

treatment had greater increases in percentages of clover 

lamina-petiole than the Sp-S treatment (p<0.05) so that 

during Phase 2, Sp-G treatments had higher percentages of 

clover lamina-petiole (p<O.05 for both periods; see Figures 

3.13 and 3.14). Also Sp-G treatment had greater 

percentages of dead clover by the end of Phase 2, in Period 

3 (p<0.05) . The effects on grass components were the 

opposite to these on clover. In comparison with Sp-S 

treatment, Sp-G treatment displayed lower percentages of 

grass: 83.4% versus 87.9% (sed. 2.03; ns) in Period 2 and 

83.8% versus 75.4% (sed 4.45; ns) in Period 3. These 

trends were reflected in the lower percentages of grass 

leaf (44.7% versus 41.3% for Sp-S and Sp-G treatments 

respectively; sed 2.10; p<0.1 in Period 3) and of dead 

grass (p<0.1 for both periods) present on Sp-G plots. Also 

there was less of a decline in the percentage of grass 
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flowerstem on Sp-S treatment than on Sp-G treatment from 

Period 1 to Period 3. 

During Phase 2, the Sp-G plots had a larger increase 

than the Sp-S plots in the percentage of clover from Period 

1 either on Prsp-S (+7.8% versus +1.8%), on Prsp-G (+12.2% 

versus +3.3%) and on Prsp-C treatments (+15.7% versus 

+6.4%) (overall sed. 4.38). Especially marked on Prsp-G 

plots between Periods 1 and 2 was the increase in clover 

content when they were grazed by goats (+5.6%) and the 

decrease in clover when grazed by sheep (-3.4%; sed. 5.30) 

Consequently, although the differences did not quite reach 

statistical significance, there were higher percentages of 

clover in Period 2 on the Prsp-S treatment for the Sp-G 

treatment than on Sp-S treatment (14.7% versus 10.6%) and 

also on the Prsp-G treatment (14.4% versus 5.3%) but not 

on the Prsp-C treatment (12.6% versus 13.8%) (overall sed. 

3.25). In Period 3 there was also a higher percentage of 

clover for the Sp-G than for the Sp-S treatment on the 

Prsp-S treatment (17.3% versus 11.3%) , on the Prsp-G 

treatment (20.9% versus 12.1%) and on the Prsp-C treatment 

(27.5% versus 18.2%) (overall sed. 6.58) . Percentages of 

clover lamina-petiole followed a similar distribution and 

differences were statistically different (p<0.05) in Period 

2 (see Table 3.12). Although present in low percentages, 

clover flower was higher for the Sp-G treatment than for 

the Sp-S treatment on the Prsp-G treatment in both sampling 

periods (p<O.05) but lower on the Prsp-C treatment (p<0.05; 

see Tables 3.12 and 3.13). This was due to an increase on 

the Prsp-C:Sp-S treatment between Periods 2 and 3 (p<O.05) 

Tables 3.12 and 3.13 show the percentage of each 

botanical component in Periods 2 and 3 respectively 

classified by pre-species, species and sward height 

category. 
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Table 3.12. Botanical components (% DM) in the whole sward classified by pre-species treatment, by species treatment 
and by sward height category in Period 2. 

Pre-species(Prsp) 

species(Sp) 

sheep - 

sheep goat 

goat 

sheep goat 

cattle 

sheep goat sed 
Level of significance 

Component Height Category 
Short 

(Sc) 
39.8 43.1 44.7 44.7 43.0 37.1 

Grass 
leaf Medium 47.2 41.0 48.7 41.2 42.4 40.7 4.96' 

Tall 38.3 42.2 42.2 46.2 39.7 36.1 

Grass Short 11.7 10.7 14.1 11.9 10.3 11.4 

pseudostem Medium 13.1 12.7 12.7 13.6 15.0 15.6 2.44' Sc 

Tall 17.2 13.5 16.7 11.5 13.7 17.4 

Grass Short 4.0 4.1 6.5 4.4 5.6 5.0 
* 

flowerstem Medium 4.9 4.7 4.3 4.2 6.0 4.9 2.31' Sc 

Tall 9.5 5.2 8.0 4.9 6.3 8.6 

Dead Short 31.1 25.6 26.7 25.0 23.1 24.2 

Medium 21.7 20.9 26.1 20.2 25.5 24.8 4.41' 
grass 

Tall 23.2 23.5 24.5 18.7 23.1 28.5 

Clover Short 7.7 12.9 4.0 
4.4 

9.6 
14.1 

14.0 
8.3 

17.2 
11.4 3.60' 

Sp , 

Prsp x Sp . 

lamina-petiole Medium 8.9 
7.7 

13.8 
8.2 4.7 13.3 13.6 7.1 Prsp x Sc * 

Tall 

Clover Short 1.9 1.9 0.8 0.5 1.3 
1.0 

2.1 
0.9 1.53' 

stolon Medium 2.3 1.8 0.4 1.7 
0.3 0.8 0.4 Tall 1.6 5.1 0.4 

Clover Short 0.1 0.1 0.4 
0.2 

1.0 
0.1 

0.3 
0.6 

0.2 
0.1 0.28' 

flower Medium 0.1 0.1 
0.1 0.3 0.5 0.3 Tall 0.1 0.2 

Dead Short 0.3 0.3 0.1 
0.4 

0.5 
0.6 

0.4 
0.6 

1.0 
0.5 0.18' Sp x Sc (p=O.OSl) 

clover Medium 0.1 0.5 
0.3 0.5 0.5 0.3 

Tall 0.5 0.2 

Other Short 3.6 
1.7 

1.4 
4.6 

2.7 
2.8 

2.4 
4.3 

2.0 
0.6 

1.9 
1.2 2.07' 

species Medium 
Tall 1.9 2.1 3.1 4.4 1.9 1.3 

('- sed. of means of the interaction Prsp 
x Sp x Sc). 



Table 3.13. Botanical components (% DM) in the whole sward classified by pre-species treatment, by species treatment 
and by sward height category in Period 3 at the end of Phase 2. 

pre-specie(Prsp) sheep - goat cattle 
Level of significance 

Species(Sp) sheep goat sheep goat sheep goat sed 

Component Height Category 
Short 

(Sc) 
46.7 

- 

41.9 42.9 40.6 46.6 38.4 Grass 
leaf Medium 46.7 42.3 45.8 39.9 44.7 38.6 4.20' 

Tall 49.4 45.1 41.7 42.2 38.7 40.5 

Grass Short 10.2 12.7 9.9 12.3 10.0 14.2 

pseudostem Medium 11.8 12.8 13.5 12.0 13.1 12.7 4.20' 

Tall 14.1 14.5 14.5 14.9 12.4 13.5 

Grass Short 3.4 2.2 5.6 3.4 4.4 2.1 

flowerstem Medium 5.0 2.9 1.1 1.7 1.3 0.0 1.89' 

Tall 6.3 2.2 5.5 2.5 2.9 0.6 

Dead Short 21.5 
19.8 

18.6 
20.9 

18.6 
27,5 

21.6 
16.1 

19.5 
24.5 

16.6 
18.6 2.46' Sp (p=O.067). 

j grass Medium 
Tall 21.7 21.7 26.7 19.4 21.0 16.2 Prsp x Sp x Sc * 

Clover Short 13.9 14.8 15.6 17.4 13.8 23.9 

lamina-petiole Medium 10.6 18.6 9.9 22.9 12.0 24.7 6.92' 

Tall 5.7 11.7 8.0 17.1 16.4 23.3 

Clover Short 1.5 2.1 2.9 0.7 2.5 2.8 Sc 

stolon Medium 2.0 1.2 1.0 1.2 3.0 1.9 0.88' 

Tall 0.6 1.4 0.9 0.8 2.0 1.4 

Clover Short 0.6 0.1 0.0 0.2 0.0 0.1 

flower Medium 0.0 0.0 0.0 1.2 0.3 0.5 0.73' 

Tall 0.4 0.0 0.2 0.0 1.7 0.8 

Dead Short 0.2 1.1 0.3 0.6 0.6 0.4 
* 

clover Medium 0.6 1.0 0.1 0.6 0.3 1.4 0.54' Sp 

Tall 0.2 0.4 0.2 0.8 1.1 1.8 

Other Short 1.9 6.6 4.3 
1.1 

3.2 
4.5 

2.6 
0.9 

1.5 
1.7 1.35' Prsp x Sp x Sc * 

species Medium 
Tall 

3.4 
1.5 

0.3 
3.0 2.3 2.2 3.7 1.9 

('- sed. of means of the interaction Prsp x Sp x Sc). 



Furthermore, Figures 3.15, 3.16 and 3.17 respectively 

display graphically for Prsp-S, Prsp-G and Prsp-C 

treatments the percentages of grass, clover and other 

components for each species treatment (Sp-G or Sp-S) in 

each sward height category. For comparison, the results 

for Period 1 are also shown. 

Overall, short and medium categories tended to have 

higher percentages of clover (13.1% and 12.1% in 

Period 2 and 19.3% and 19.2% in Period 3) than tall 

categories (11.1% in Period 2; sed. 1.40 and 16.2% in 

Period 3; sed. 2.17) although the difference was not 

significant. Between Periods 1 and 3 there was an increase 

in the clover percentage on all height categories (+7.5%, 

+9.2% and ±7.0% for short, medium and tall categories 

respectively; sed. 2.37) and also of clover lamina-petiole 

(ns) . Percentages of clover flower decreased on the medium 

category but increased on the tall category (p<0.05) 

Grass percentages of 84.6%, 85.4% and 86.4% in Period 2 

(sed. 1.23%; ns) and 77.4%, 78.9% and 81.42% in Period 3 

(sed. 2.28; ns) were present on short, medium and tall 

categories respectively. Percentages of grass pseudostem 

and grass flowerstems were higher on tall categories 

(p<0.05 respectively for both sampling periods) . Although 

the short height category had higher percentages of dead 

grass than on the medium (p<0.05) and tall categories 

(p<O.l) in Period 2, the percentage of dead grass decreased 

dramatically between Periods 1 and 3 on the short category 

(-17.3%) in contrast to an increase in the medium (+13.1%) 

and tall categories (+6.4%; sed. 1.59; p<O.00l) 
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Changes in the percentage of clover between Periods 

1 and 3 within sward height category between pre-species 

were +8.0%, +9.6% and +5.0% on the short category, +4.3%, 

+10.2% and +13.0% on the medium category and +2.3%, +5.0% 

and +13.7% on the tall category for Prsp-S, Prsp-G and 

Prsp-C treatments respectively (overall sed. 4.92; ns) 

Since clover lamina-petiole accounted for the majority of 

clover, in Period 2 the interaction of pre-species x sward 

height category was significant for the percentage of 

clover lamina-petiole (p<0.05): the Prsp-C treatment had 

higher percentages of clover lamina-petiole than the Prsp-S 

and Prsp-G treatments on the short and on the tall 

categories while the Prsp-S treatment had the highest 

percentage on the medium category. The Prsp-G treatment 

had higher percentages of clover flower (p<0.001) on the 

short height category. On the Prsp-C plots there was a 

higher percentage of dead clover on the short (p<0.05), 

medium (ns) and tall categories (ns) . Finally, in Period 

2, Prsp-G plots had a higher percentage of grass leaf on 

the short (p<O.OS), medium (ns) and tall categories 

(p<0.05) but tended to have lower percentage of dead grass 

on the three height categories (p<0.1) . In Period 3 there 

were no significant effects of pre-species or species on 

any grass components. 

Within sward height category, the Sp-G treatment 

resulted in larger clover percentage than the Sp-S 

treatment on the short (+9.6% versus +5.5%), on the medium 

(+15.0 versus +3.3%) and on the tall categories (+10.7% 

versus +3.3%; overall sed. 5.16; ns) . Thus grazing by 

goats resulted in greater percentages of clover compared 

to grazing by sheep during both sampling periods in the 

short category: 15.8% versus 10.5% in Period 2 (p<0.05) and 

21.4% versus 17.3% in Period 3 (ns), in the medium 

category: 15.1% versus 9.1% in Period 2 (p<0.01) and 25.0% 

versus 13.3% in Period 3 (p<0.05) and in the tall category: 
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12.0% versus 10.3% in Period 2 (ns) and 19.8% versus 12.5% 

in Period 3 (ns) with overall sed. 1.87 and 5.05 for 

Periods 2 and 3 respectively. Similarly, percentages of 

clover lamina-petiole were higher on the Sp-G treatment 

than on the Sp-S treatment across the three height 

categories. 

Between Periods 1 and 2, on the Prsp-G treatment, Sp-S 

treatment decreased the percentage of clover in all height 

categories while Sp-G treatment increased it (p<0.05; see 

Figure 3.16). Sp-G treatment showed larger increases than 

Sp-S treatment in all pre-species treatments for medium 

(p<O.l) and tall categories (p<0.05) but non significantly 

for short categories (see Figures 3. 16, 3.17 and 3.18). 

The three way interaction of pre-species x species x sward 

height category was only significant for the percentages 

of dead grass (p<O.OS) and other species (p<0.05) in Period 

3. 

The vertical distributions (kg DM/ha) of each of the 

botanical components in the sward in Periods 2 and 3 

plotted for the interaction of pre-species x species x 

sward category x horizon, are given graphically in Appendix 

1, in Figures A1.10 to A1.18 (Period 2) and from Figures 

A1.19 to Al. 27 (Period 3). Figures 3.18 (Period 2) and 

3.20 (Period 3) display the vertical distribution of the 

amounts of grass and Figures 3.19 (Period 2) and 3.21 

(Period 3) the amounts of clover classified by pre-species, 

species, sward height category and horizon. 

In both sampling periods (Periods 2 and 3) all four 

horizons had highly significantly different amounts of all 

botanical components (p<O.00l), except for clover flower 

(p=O.053 and ns in Periods 2 and 3 respectively; see Tables 

3.14, 3.15, 3.16 and 3.17). 
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Figure 3.18. Grass (live + dead) vertical 

distribution (kg/ha/horizon) within the sward 

grouped by horizon: 0-2, 2-4, 4-6 and >6 cm, by 

sward height category: short (S), medium (N) and 

tall (T), by species: sheep (Sp-S) and goat (Sp-G) 

and by pre-species: a) sheep (Prsp-S), b) goat 

(Prsp-G) and c) cattle (Prsp-C) in Period 2 in 

Phase 2. 
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Figure 3.19. Clover (live + dead) vertical 

distribution (kg/ha/horizon) within the sward 

grouped by horizon: 0-2, 2-4, 4-6 and >6 cm, by 

sward height category: short (S), medium (M) and 

tall (T), by species: sheep (Sp-S) and goat (Sp-G) 

and by pre-species: a) sheep (Prsp-S), b) goat 

(Prsp-G) and C) cattle (Prsp-C) in Period 2 in 

Phase 2. 
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Figure 3.20. Grass (live + dead) vertical 

distribution (kg/ha/horizon) within the sward 

grouped by horizon: 0-2, 2-4, 4-6 and >6 cm, by 

sward height category: short (S), medium (M) and 

tall (T), by species: sheep (Sp-S) and goat (Sp-G) 

and by pre-species: a) sheep (Prsp-S), b) goat 

(Prsp-G) and c) cattle (Prsp-C) in Period 3 at the 

end of Phase 2. 
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Figure 3.21. Clover (live + dead) vertical 

distribution (kg/ha/horizon) within the sward 

grouped by horizon: 0-2, 2-4, 4-6 and >6 cm, by 

sward height category: short (S), medium (14) and 

tall (T), by species: sheep (Sp-S) and goat (Sp-G) 

and by pre-species: a) sheep (Prsp-S), b) goat 

(Prsp-G) and c) cattle (Prsp-C) in Period 3 at the 

end of Phase 2. 
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Table 3.14. Botanical components (kg/ha/horizon) of 
the whole sward classified by pre-species treatment, by species 

treatment, by sward height category and by horizon in period 2 
in Phase 2. Levels of significance are given in Table 3.15 - 

Pre-species Sheep Goat Cattle 

Specie. Sheep Goat Sheep Goat Sheep Goat 

Height category Short Medium Tall Short Medium Tall Short Medium Fall Short Medium Tall Short Medium Tall Short Medium Tall 

Component Horizon (Cm) 

0-2 835 1033 1008 959 989 1130 945 1210 1198 793 921 948 723 
84 

904 
215 

778 
302 

721 
88 

793 
226 

655 
283 

Crass 2-4 101 243 356 105 199 374 86 239 
80 

374 
201 

188 
73 

298 
151 

426 
254 19 74 147 14 64 272 

leaf 4-6 20 88 320 23 
2 

101 
38 

247 
238 

30 
2 22 84 25 59 217 6 18 107 2 26 188 

>6 3 26 207 

0-2 266 371 718 279 387 586 325 401 669 274 433 415 195 403 390 242 
9 

430 
34 

528 
94 

Crass 2-4 11 10 86 2 23 51 6 15 69 
20 

12 
2 

36 
12 

63 
13 

4 
1 

16 
4 

45 
17 2 10 56 

pseudostem 4-6 0 4 40 0 9 17 1 3 
1 5 0 3 13 1 0 6 0 1 34 

>6 1 0 9 0 4 11 1 

0-2 63 82 296 98 122 128 147 142 303 88 108 146 104 148 156 
27 

105 
7 

130 
10 

246 
54 

Grass 2-4 3 13 47 11 17 34 3 5 
7 

31 
1.2 

12 
7 

23 
10 

45 
18 

5 
0 

16 
2 14 0 1 30 

flowerstem 4-6 5 3 28 3 11 45 
48 

0 
4 0 23 2 10 15 0 7 12 0 4 24 

>6 17 47 140 0 4 

0-2 714 569 1005 669 666 1022 620 623 1029 578 684 705 439 674 
35 

694 
55 

525 
10 

702 
45 

925 
103 

Dead 2-4 22 47 88 15 25 91 8 
2 

29 
5 

52 
21 

27 
S 

42 
17 

66 
23 

9 
2 6 14 1 8 62 

grass 4-6 6 17 49 3 7 34 
19 0 0 5 2 3 5 1 1 7 0 3 35 

>6 1 4 46 0 3 

0-2 162 176 166 272 273 264 79 101 114 140 232 160 228 
36 

163 
51 

196 
86 

311 
62 

205 
75 

102 
51 

Clover 2-4 23 52 56 51 
10 

101 
47 

61 
61 

14 
0 

26 
11 

51 
40 

41 
31 

104 
85 

105 
95 5 14 65 8 47 53 

lamina-petiole 4-6 3 21 68 
102 0 0 5 25 78 152 0 0 115 0 26 66 

>6 0 12 106 0 15 

0-2 41 63 78 36 55 222 19 15 18 11 65 10 26 28 26 
0 

45 
0 

26 
1 

18 
0 

Clover 2-4 3 5 7 14 2 0 0 
0 

0 
0 

1 
0 

1 
0 

0 
0 

1 
0 

0 
0 

0 
0 0 0 1 0 

stolen 4-6 1 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 

>6 0 0 2 0 0 

0-2 4 1 3 1 0 6 10 7 2 7 
1 

0 
0 

0 
0 

5 
0 

4 
3 

12 
1 

4 
0 

2 
0 

0 
0 

Clover 2-4 0 0 0 1 0 0 
3 

0 
0 

0 
0 

0 
0 0 0 10 0 3 1 0 0 0 

flower 4-6 0 2 0 0 0 
4 0 0 0 0 18 5 0 0 6 3 0 0 7 

>6 0 0 3 0 

0-2 7 3 8 8 13 4 3 13 13 12 13 13 7 13 9 20 
1 

13 
2 

10 
4 

Dead 2-4 0 1 9 0 2 5 0 1 1 
1 

1 
0 

10 
1 

5 
1 

0 
0 

2 
1 

6 
3 0 0 1 

Clover 4-6 0 0 3 0 1 
0 

0 
1 

0 
0 

1 
0 0 0 1 2 0 0 0 0 0 0 

>6 0 0 10 0 

0-2 78 33 37 36 95 41 63 66 88 51 107 72 38 18 
1 
0 
12 

44 
0 

25 
5 

34 
6 

Other 2-4 4 15 35 1 16 26 2 16 
8 

36 
10 

1 
1 

20 
3 

33 
31 

0 
0 0 3 0 2 9 

species 4-6 0 2 1 0 11 13 
30 

0 
0 4 18 3 0 53 0 0 0 0 0 2 

>6 0 0 7 0 18 



Table 3.15. Summary of 
the results of the analysis of variance of the effects of pre-species treatment (sheep, goats 

and cattle), species tretament (sheep and goats), sward height category (short, medium and tall), horizon (0-2 cm, 2-4 
cm, 4-6 cm and >6 cm) and their interactions on the nine major botanical components in Period 2 in Phase 2. 

Grass Grass Grass Dead Clover Clover Clover Deed Other 

leaf pseudostem flowerstem grass lamina-petiole 
species tolon flower clover 

Pre-speCies (Prsp) ps0.064 as as as flS ns ns 

as 

as 

ns 

ns 

ns 

Species (Sp) as ns as as * as 

as  ns 
• as 

Sward height category 
p 0053  (Sc) 

Horizon (H) 
H as as as as  ns 

(Prsp x Sp) as as 
as s as as 

03 
)Prsp x Sc) as ns as as 

as as 
as as as as ns as 

(Sp x Sc) as 
as ns as ns as  

(Prsp x Sp x Sc) as as as as 

as prO.069 ns  

)Prsp x H) as as as as 

as as pO.OS3  as 

)Sp x )fl as as as n5 

as as as as 

)Sc x H) as .• 

as as as as as  

(Prsp x Sc x H) as as as as 

ns as as as 

(Sp x Sc x H) as as as as as 

as as as 

(Prsp x Sp x H) as as as as as as 

as as 

(Prsp x Sp x Sc x H) as as as as as as 



Table 3.16. Botanical components (kg/ha/horizon) of the sward classified by pre-species, by species, by sward height 
category and by horizon in period 3  at the end of Phase 2. 

re-species Sheep Goat Cattle 

Specie. Sheep Goat Sheep Goat Sheep Goat 

Height Category Short Medium Tall Short Medium Tall Short Mediums Tall Short Mediums Tall Short Mediums Tall Short Medium Tall 

Component Horizon cm) 

0-2 723 865 1125 676 877 905 661 857 909 653 892 941 771 843 733 612 707 880 
Grass 2-4 92 148 241 54 154 184 56 138 240 70 183 254 74 96 137 55 145 253 
leaf 4-6 18 50 115 9 41 67 12 40 132 18 52 142 21 39 80 10 44 169 

>6 4 33 63 1 10 20 1 9 49 4 29 148 6 31 79 1 13 128 

0-2 174 253 401 222 317 361 164 298 415 225 356 443 179 272 268 292 302 423 
Grass 2-4 4 13 30 3 10 17 5 6 37 7 16 51 8 15 42 S 6 51 
pseudostemn 4-6 1 4 13 0 1 1 1 3 10 0 1 26 1 3 35 0 0 19 

>6 0 1 3 0 0 0 0 0 4 0 0 9 1 1 4 0 0 6 

0-2 55 83 124 35 76 52 94 1 135 52 36 52 81 21 71 26 0 7 
Grass 2-4 5 10 18 3 2 4 2 11 15 4 2 12 4 4 5 4 0 1 
flowerstemn 4-6 2 5 16 0 0 2 0 4 14 1 0 13 2 0 2 0 0 1 

16 3 22 41 0 0 8 0 '7 8 0 0 8 0 0 0 0 0 13 

0-2 366 436 645 326 524 537 310 598 802 389 450 635 364 531 530 294 415 497 %D 
Dead 2-4 9 8 31 2 12 16 4 19 40 7 20 27 3 9 20 10 22 44 
grass 4-6 1 2 7 0 1 10 1 6 15 1 1 11 3 1 6 1 3 23 

'6 0 2 3 0 0 3 0 2 2 0 1 5 1 1 2 0 1 13 

0-2 216 164 88 229 363 193 230 177 162 270 442 332 217 206 249 349 421 358 
Clover 2-4 23 35 15 33 87 63 29 42 46 40 107 101 25 32 60 34 110 146 
lamina-petiole 4-6 1 17 14 0 16 37 3 7 18 7 41 76 9 17 25 4 40 139 

>6 0 5 49 0 0 14 0 0 19 0 24 92 3 0 97 0 7 144 

0-2 27 39 16 36 29 36 48 22 26 12 33 27 43 59 45 49 44 49 
Clover 2-4 0 3 1 0 0 0 0 1 0 0 0 2 1 1 8 0 0 0 
stolon 4-6 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 2 

>6 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 

0-2 8 0 0 2 0 0 0 0 0 2 24 1 0 0 9 1 3 4 
Clover 2-4 0 0 0 0 0 1 0 0 0 1 2 0 0 6 0 0 10 0 
flower 4-6 0 0 0 0 0 0 0 0 S 0 0 0 0 0 4 0 0 0 

>6 0 0 13 0 0 0 0 0 0 B 0 0 0 0 32 0 0 26 

0-2 4 11 S 19 24 11 6 3 6 12 19 25 11 6 18 6 31 47 

Dead 2-4 0 1 0 0 0 0 0 0 0 0 1 1 0 o s 0 3 8 
Clover 4-6 0 1 0 0 0 0 0 0 2 0 0 3 0 0 3 1 0 6 

'6 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 

0-2 34 68 36 109 7 62 71 24 54 50 120 33 47 18 50 18 34 40 

Other 2-4 0 4 6 7 0 36 2 2 5 4 15 14 0 1 26 8 5 17 

species 4-6 0 0 3 0 0 1 0 8 33 i 3 26 0 0 17 0 3 4 
>6 0 0 2 0 0 0 0 0 0 0 0 6 0 0 7 0 0 9 



0 

Table 3.17. Summary of the results of the analysis of variance of the effects of pre-species treatment (sheep, goats 
and cattle), species treatment (sheep and goats), sward height category (short, medium and tall), horizon (0-2 cm, 2-4 
cm, 4-6 cm and >6 cm) and their interactions on the nine major botanical components in period 3 at the end of Phase 2. 

Grass Grass Grass Dead Clover Clover Clover Dead Other 

leaf pseudostem flowerstem grass lamina-petiole stolon flower clover species 

Pre-species (Prsp( ns ns ns ns ns rig ns 

• 

ns  

ns 

Species )Sp( ns ns ns ns • ns ns 

ns  
•• • * 

* ns ns ns 

Sward height category •• 

*•• 

(Sc) 
Horizon )H) 

flS flS ns flS flS 

)Prsp x Sp) ns flS flS flS 

ns  
ns p 0053  ns p*0062 ns ns ns 

)Prsp x Sc) ns 
• ns ns ns ns  

isp x Sc) ns ns P=0 051 ns 

)Prsp x Sp x Sc) • ns ns ns ns ns ns ns 

)Prsp x H) is ns ns ris 
ns ns  

ns  

(Sp x H) ns ns ns nS ns ns • 

•.. ns • ns ns 

(Sc x Hi 
pr O. C4 • •• 

ns ns P=0.010 ns ns 

)Prsp x Sc x H) ns ns ns flS 
ns 

ns ns ns ns ns 

)Sp x Sc s H) ns ns 
ns ns ns 

)PrSP x Sp s H) ns ns OS flS ns ns 

)Prsp Sp Sc x H) ns ns ns ns ns 



Overall amounts of clover in Period 2 were: 239, 63, 38 and 

42 kg/ha/horizon (sed. 10.5; p<0.001) and in Period 3: 312, 

60, 28 and 29 kg/ha/horizon (sed. 49.0; p<0.001) for 0-2, 

2-4, 4-6 and >6 cm horizons respectively while amounts of 

grass were 2194, 328, 159 and 103 kg/ha/horizon (sed. 36.4; 

p<O.00l) in Period 2 and 1646, 184, 73 and 42 kg/ha/horizon 

(sed. 49.0; p<0.001) in Period 3 for 0-2, 2-4, 4-6 and >6 

cm horizons respectively. Changes between Period 1 and 

Period 3, i.e. during Phase 2, in botanical components 

between horizons were overall significant for clover 

(+63.6, +4.9, -12.1 and +0.2 kg/ha; sed. 12.33; p<0.001), 

clover lamina-petiole (+84.5, +8.6, -4.7 and -2.1 kg/ha; 

sed. 8.25; p<O.00l) / dead clover (+6.38, -0.69, -2.20 and - 

0.53 kg/ha; sed. 1.73; p<O.01), grass (-883.0, -203.0, - 

110.0, -113.0 kg/ha; sed. 38.2; p<0.001), grass pseudostem 

(-206.6, -27.2, -9.6 and -10.1 kg/ha; sed. 13.81; p<0.001), 

grass flowerstems (-60.3, 11.7, -10.5 and -14.3 kg/ha; sed. 

6.39; p<O.00l) and dead grass (-628, -46, -11 and -11; sed. 

21.1; p<0.001) . Clover flower increased (p<0.01) its 

presence in the highest horizon (>6 cm) significantly 

while the clover stolon mass decreased in the 0-2 cm 

horizon (p<0.001) 

From Period 1 to Period 2 amounts of clover lamina-

petiole decreased in the 0-2 cm horizon of the Prsp-G 

treatment and in the >6 cm horizon of the Prsp-C treatment 

(p<0.05) while dead grass diminished more markedly on the 

Prsp-G and Prsp-C than on the Prsp-S treatments (p<0.05) 

In Periods 2 and 3, the interaction of pre-species x 

horizon was significant for the distribution of the amounts 

of clover lamina-petiole (p<O.Ol and p<0.05 respectively) 

with greater increases during Phase 2 (from Period 1 to 

Period 3) on the Prsp-C and Prsp-G treatments than on the 

Prsp-S treatment in the 0-2 cm (+116.9 and +94.4 versus 

+42.4 kg/ha) and 2-4 cm horizons (+16.5 and +7.1 versus 

+2.1 kg/ha) while there was a decrease on the Prsp-C 

141 



treatment in the >6 cm horizon (+6.0 and +6.7 versus -19.0 

kg/ha for Prsp-S, Prsp-G and Prsp-C treatments 

respectively) (overall sed. 17.35; p<0.05). Also, amounts 

of clover stolon differed within horizon between pre-

species treatments with the greatest decrease in the 0-2 

cm horizon on the Prsp-S treatment (p<O.Ol and p<O.Ol 

respectively) Clover flower increased more in the >6 cm 

horizon on the Prsp-C treatment than on the Prsp-S and 

Prsp-G treatments (+9.6 versus +1.8 and +0.1 kg/ha 

respectively; sed. 3.30; p<0.01) . The Sp-G treatment 

resulted in greater amounts of clover lamina-petiole 

throughout all the horizons but the amounts were only 

significantly greater in the 0-2 cm horizon (pre-species 

x horizon; p<0.001 in Period 3) . The same was true for 

dead clover (pre-species x horizon; p<O.00i in Period 3) 

Taller height categories had more clover lamina-

petiole in the upper horizons (4-6 cm and >6 cm horizons) 

in both sampling periods, as would be expected, and more 

dead grass near to ground level (0-2 cm horizon) than the 

medium and short categories. Also the taller height 

category had more clover flower in the upper horizons (4-6 

cm and >6 cm horizons) than the medium and short 

categories. 

There were no overall significant interactions between 

pre-species, species, horizon and sward height category in 

any grass and clover component. 
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3.4.4.2.2. Sward surface. 

While the composition in terms of percentages of grass 

and clover is given in Table 3.18, Tables 3.19 and 3.20 

describe the sward surface composition in terms of the 

percentages of the different botanical components in 

Periods 2 and 3 respectively. 

From Period 1 to Period 3, greater increases in 

percentage of clover on the sward surface occurred on Prsp-

C treatment (+15.6%) than on Prsp-S (+11.9%) and Prsp-G 

treatments (+8.9%; sed. 8.84; ns) although the differences 

between pre-species treatments were not significant. On 

the sward surface of the Prsp-S, Prsp-G and Prsp-C 

treatments the total clover and total grass percentages 

were 21.2%, 20.1% and 23.4% clover (sed. 5.37; ns) and 

75.6%, 75.6% and 75.8% grass (sed. 6.55; ns) respectively 

in Period 2 and 23.0%, 24.7% and 33.8% clover (sed. 3.59; 

ns) and 75.0%, 72.4% and 63.4% grass (sed. 5.02; ns) 

respectively in Period 3. There was a tendency for the 

Prsp-C treatment to have higher percentages of clover 

lamina-petiole (ns), clover stolon (ns) , clover flower (ns) 

and grass pseudostem (ns) but lower percentages of grass 

flowerstem (p<0.05 in Period 3) and of other species (ns) 

on the surface. 

The sward surface on the goat-grazed plots (Sp-G) had 

a greater percentage of clover than on the sheep-grazed 

plots (Sp-S) : 26.5% versus 16.6% in Period 2 (sed. 2.90; 

p<O.OS) and 31.9% versus 22.4% in Period 3 (sed. 10.16; 

ns) . Also Sp-G plots had higher percentages of clover 

lamina-petiole than Sp-S plots in Period 2 (25.3% versus 

15.4%; sed. 2.30; p<O.Ol) and in Period 3 (30.2% versus 

19.2%; sed. 9.30; ns). 
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pre-speciee (Prsp) sheep 

species (Sp) sheep goat 

goat cattle Level of significance 

sed Prsp Sp Prsp x Sp 

Table 3.18. 
Percentages of total grass and total clover dry matter components (live + dead) on the sward surface 

classified by pre-species treatment and by species treatment in Periods 2 and 3 in phase 2. 

Period 

80.4 70.8 87.2 64.0 75.9 75.7 6.55/ 6.15' ns pO.053 ns 

Grass 2 
78.8 71.2 80.0 64.8 67.8 59.1 12.55/16.26b ns ns ns 

3 

17.2 25.1 9.3 30.8 23.2 23.5 6.43/ 5.01b ns ns 

Clover 2 
25.7 17.8 31.6 29.1 38.5 12.95I]7.60 ns ns ns 

3 20.2 

(- sed. of means with different pre-species level 
b_ sed. of means with same pre-species level) 



sward surface classified by pre-species treatment, by species treatment 

Table 3.19. 
Botanical components (%DM) on the 

in period 2 in Phase 2. 
and by sward height category 

Pre-sPecies (Prsp) sheep goat cattle Level of significance 

species (Sp) sheep goat sheep goat sheep goat sed 

Component Height category (Sc) 
51.2 47.0 68.1 65.1 51.4 47.2 

Grass Short 
61.1 50.6 75.2 52.4 60.1 55.6 11.10 

leaf Medium 
53.1 51.9 68.0 47.4 47.5 55.9 

Tall 

Short 7.0 6,4 7.0 3.5 
2.8 

6.8 
7.2 

6.6 
7.1 2.48 Grass 

pseudoStem Medium 2.3 4.3 
2.6 

3.0 
5.7 24 . 7.0 7.9  

Tall 3.1 

Grass Short 4.1 4.7 2.5 
2.3 

4.8 
3.'? 

4.5 
3.5 

3.8 
1.4 4.23 Sc (p=0.069) 

flowersten Medium 8.3 3.7 
15.8 11.4 5.7 3.5 5.5 7.0 

Tall 
9.7 Sp (p=O.O'?O). 

Dead Short 21.7 17.9 11.9 
6.6 

8.3 
5.6 

15.5 
14.8 7.1 4.43' Sc 

grass Medium 11.5 4.3 
7.0 4.8 6.3 1.5 8.1 12.0 

Tall 

Short 11.7 19.0 7.9 16.7 19.5 
13.0 

31.1 
27.2 8.13 

Sp  

Prsp x  Sp , 

Clover 
Medium 14.8 26.6 8.3 34.1 

29.6 15.9 Prsp (p=0.064) Sp  
1aminaPet10le 17.7 25.1 9.9 34.7 

Tall 

Short 1.0 4.0 0.3 0.5 
0.0 

0.8 
0.3 

0.6 
0.4 1.01 Sc  

Clover 
stolon Medium 0.8 0.1 

0.0 

0.0 
0.0 0.0 0.2 0.0 

Tall 0.1 

Clover Short 0.1 0.0 0.6 
0.1 

0.5 
0.1 

0.1 
0.4 

0.1 
0.0 0.25'  

flower medium 0.1 0.1 
0.1 0.1 0.0 0.1 0.3 0.2 

Tell 

Short 0.3 0.2 0.1 0.3 
0.1 

0.3 
0.6 

0.8  
0.2 0.43 

Dead 
clover Medium 0.0 0.2 

0.1 

0.5 
0.1 0.3 0.3 0.1 

Tall 1.1 

Short 2.9 0.9 1.6 
4.0 

0.4 
1.2 

1.2 
0.1 

0.1  
0.9 3.8Be 

Other 
Medium 1.1 10.2 

4.2 10.1 1.5 1.0  
species 

Tall 2.0 4.1 



Table 3.20. Botanical components (%DM) on the sward surface classified by pre-species treatment by species treatment 

and by sward height category in Period 3 at the end of Phase 2. 

Pre-species(Prsp) sheep goat cattle 
Level of significance 

Species(Sp) sheep goat sheep goat sheep goat sed 

Component Height Category(Sc) 
Grass Short 56.3 48.6 55.1 45.9 55.3 41.7 

leaf Medium 61.2 64.6 65.2 55.3 60.9 48.4 12.01 

Tall 54.9 61.0 62.0 49.4 48.2 41.9 

Grass Short 7.3 7.8 7.2 9.8 8.7 11.2 

pseudostem Medium 5.3 2.3 3.7 3.5 7.4 1.2 3.34 Sc ** 

Tall 3.6 2.1 5.6 6.8 5.7 2.9 

Grass Short 3.4 2.7 3.2 2.8 3.9 2.5 

flowerstem Medium 6.9 0.7 6.3 0.6 1.5 0.0 5.39 Prsp 

Tall 16.0 2.1 7.3 3.6 0.6 2.5 

FA Dead Short 15.3 9.5 8.8 12.4 13.2 14.1 

grass Medium 3.0 3.1 9.5 4.0 4.0 5.6 4.49 Sc 
ON Tall 3.5 6.2 6.2 3.4 2.5 5.1 

Clover Short 15,3 25.0 23.3 25.2 16.8 25.3 

lamina-petiole Medium 21.9 29.2 14.6 32.6 23.3 40.7 14.19 

Tall 17.5 26.6 13.1 32.1 25.8 40.1 

Clover Short 0.9 1.0 0.5 0.3 2.2 2.0 Sc  

stolon Medium 0.4 0.0 0.2 0.0 0.3 0.0 0.5,71  Prsp x5c 

Tall 0.0 0.0 0.0 0.0 0.3 0.3 

Clover Short. 0.4 0.0 0.0 0.7 0.0 0.0 Sc ••, 

flower Medium 0.0 0.0 0,0 0.4 2.3 1.6 1.93 Prsp x Sc (p=0.064) 

Tall 3.5 0.0 1.7 0.0 8.0 4.4 

Dead Short 0.1 0.5 0.1 0.1 0.5 0.3 

clover Medium 0.6 0.0 0.0 0.2 0.0 0.5 0.39k 

Tall 0.0 0.0 0.6 0.4 0.6 0.8 

Other Short 1.1 4.9 1.8 2.9 1.5 3.0 

Medium 0.7 0.0 0.4 3.4 0.4 2.0 2.74 
species 

Tall 1.0 2.0 3.6 4.2 8.4 2.0 

sed. of means of the interaction Prsp x Sp x Sc). 



Also in Period 2 Sp-G plots had lower percentage of dead 

grass (7.7% versus 11.0%; sed. 1.17; p<0.1) than Sp-S 

plots. 

There was a significant (p<0.05) interaction between 

pre-species and species in the percentage of clover lamina-

petiole on the sward surface in Period 2 such that there 

was more clover lamina-petiole on the Sp-G treatment 

compared to the Sp-S treatment when previously grazed by 

sheep and goats, but not on those previously grazed by 

cattle. Although this trend was evident for total clover 

it did not achieve statistical significant. 

Percentages of clover and grass on the surface of 

short, medium and tall categories did not differ greatly: 

19.4%, 21.3% and 22.7% for clover (sed. 2.56) and 79.5%, 

75.8% and 73.5% for grass (sed. 2.49) in Period 2 and 

23.4%, 28.1% and 29.3% for clover (sed. 4.67) and 74.1%, 

70.7% and 67.2% (sed. 4.36) for grass in Period 3. 

During Phase 2 for both sampling periods, the 

interaction of pre-species x species x sward height 

category showed differences in the percentage of clover on 

the sward surface (p<0.05 for both periods) . The Sp-G 

treatment had higher percentage values of clover than the 

Sp-S treatment in Period 2 on the Prsp-S plots: 23.2% 

versus 13.0% (short), 27.0% versus 15.7% (medium) and 25.2% 

versus 19.0% (tall), on the Prsp-G plots: 17.9% versus 8.9% 

(short), 34.3% versus 8.9% (medium), and 35.2% versus 10.1% 

(tall) and also on the short and on medium height 

categories on the Prsp-C plots: 32.5% versus 20.7% and 

27.8% versus 14.3% respectively but not on the tall 

category on the Prsp-C plots: 16.1% versus 30.4% (overall 

sed. 8.26; p=0.055) . Similar differences also occurred in 

Period 3 for the Prsp-S plots: 26.5% versus 16.7% (short), 

29.2% versus 22.9% (medium) and 26.7% versus 21.0% (tall), 
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for the Prsp-G plots: 26.3% versus 24.0% (short), 33.2% 

versus 14.8% (medium) and 32.6% versus 15.4% (tall) and for 

the Prsp-C plots: 27.5% versus 19.4% (short), 42.8% versus 

25.8% (medium) and 45.6% versus 34.7% (tall) (overall sed. 

14.70; ns). 

Figures 3.22, 3.23 and 3.24 display graphically the 

changes during Phase 2 (with Period 1 as reference) in 

percentages of clover, grass and other species on the sward 

surface of Prsp-S, Prsp-G and Prsp-C treatments 

respectively. Percentages of clover lamina-petiole 

followed a similar pattern in both periods (p<O.l in Period 

2) . Also percentage grass was affected by a significant 

interaction of pre-species x species x sward height 

category (p<0.05 in Period 2) 

3.4.4. Diet selected. 

3.4.4.1. Botanical composition of the ingested diet. 

The composition of the diet in terms of the nine 

botanical components selected by oesophageally fistulated 

animals on two occasions (Period 2 and 3) in Phase 2 are 

given in Tables 3.21 and 3.22 for sheep and goats 

respectively. The overall percentages of grass and clover 

components in the diet are given in Table 3.23. 

WO 







Figure 3.24. Dry matter percentage values of grass (live 

+ dead), clover (live + dead) and other species on the 

'sward surface' divided into three sward height categories: 

short (S), medium (M) and tall (T) grazed either by sheep 

(Sp-S) or goats (Sp-G) in Phase 2 (Periods 2 and 3) after 

have been grazed by cattle (Prsp-C) in Phase 1. For 

comparison, the data from Period 1 is also given. 

Period 1 - Period 2 Period 3 

(%DM 

MN 

[*] 

EEO 

20 

SMT SMT SMT SMT SMT 

sward height category 

] other species M clover M grass 
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Component Period Animal pre-species in Phase 1 (Prsp) 

(Pe) Sheep Goat Cattle 

Grass 2 64.6 65.1 51.1 
leaf 3 69.9 60.0 52.7 

Grass 2 1.7 2.2 2.9 
pseudostem 3 1.5 1.5 2.9 

Grass 2 12.4 9.2 7.2 
flowerstem 3 6.7 6.9 6.4 

Dead 2 7.0 12.2 7.3 
grass 3 5.9 10.1 6.9 

Clover 2 12.4 8.3 28.2 
lamina-petiole 3 13.4 15.7 28.0 

Clover 2 0.03 0.2 1.0 
stolon 3 0.4 0.4 1.0 

Clover 2 0.2 0.03 0.6 
flower 3 0.03 0.02 0.2 

Dead 2 0.2 0.2 0.2 
clover 3 0.1 0.5 0.2 

Other 2 0.2 0.8 0.2 
species 3 0.6 0.2 0.1 

Ui 
tj 

Level of significance 

sed Prsp Pc Prsp x Pe 

352,355L *** ns ns 

0.45/0.45 ns ns 

2.05a/2.21b ns ns 

ns ns 

2.73a/2.44 P=O. 059 p=0.079 

0.43"/0.41' ns ns 

0.l8/0.18' * 115 

0.16/0.15' ns ns ns 

0.3r/0.30' ns ns p=0.099 

Table 3.21. Botanical composition of the diet (%DM) selected by oesophageally fistulated sheep in Periods 2 and 3 in 
Phase 2 (n = 6) 

(- sed. of means with different pre-species level L  sed. of means with same pre-species level). 



Table 3.22. Botanical composition of the diet (%DM) selected by oesophageally fistulated goats in Periods 2 and 3 in 
Phase 2 (n = 6). 

Component Period Animal pre-species in Phase 1 

Sheep Goat Cattle sed p 

Grass 2 63.3 67.7 62.6 8.59 
leaf 3 77.9 69.8 72.9 3.87  ns 

G1 asL; 2 1.0 1.9 1.8 0.55 
pseudostern 3 1.4 2.0 2.2 0.45  ris 

Grass 2 6.4 4.3 5.6 1.55 us 
flowersLem 3 3.8 3.7 4.1 0.80 ns 

U] 
Dead 2 8.0 4.0 4.1 1.29 
grass 3 5.3 4.8 8.3 1.40 p=0.067 

Clover 2 17.7 19.5 22.4 7.96 ne 
lamina-petiole 3 9.2 17.3 9.3 3.34 p=0.057 

Clover 2 0.4 0.0 0.6 0.50 us 
stolon 3 0.03 0.0 0.3 0.15 us 

Clover 2 0.4 0.6 1.5 0.53 us 
flower 3 0.0 0.0 0.02 0.01 flS 

Dead 2 0.2 0.3 0.4 0.15 flu 
Clover 3 0.2 0.2 0.2 0.11 us 

Other 2 0.6 0.9 0.3 0.67 us 
species 3 0.0 0.1 0.02 0.07 ns 



Table 3.23. Total grass and clover (live + dead) in the diet (% DM) selected by oesophageally 
fistulated sheep and goats in Periods 2 and 3 (n = 6) 

Pre-species 

Species 

Sheep 

Sheep Goat 

Goat 

Sheep Goat Sheep 

Cattle 

Goat sed. 

Period 

2 85.8 78.7 88.8 77.8 68.5 '14.1 6.40 
u-i Grass 

3 84.1 88.5 78.3 80.3 68.8 87.51  3.32 

2 12.8 18.7 8.7 20.4 29.9 24.8 6.26 
Clover 

3 13.9 9.4 16.5 17.5 29 . 4d 9 . 81  3.11 

- means on the same grazing period and within a pre-species treatment with different 
superscripts differ significantly (p<0.001) 

- from a pooled standard error of differences of the means between species treatments 
within a pre-species treatment per grazing period (d.f. = 40) 



3.4.4.1.1. Sheep - effect of previous species of grazer. 

The total clover content of extrusa samples from sheep 

was significantly different between pre-species treatments 

with 29.7%, 12.6% and 13.3% (sed. 2.08; p<0.001) clover dry 

matter in the diet of sheep following cattle (Prsp-C) 

goats (Prsp-G) and sheep (Prsp-S) respectively (see Table 

3.23). The diet selected by sheep from Prsp-G treatment 

showed an increased in clover from 8.7% in Period 2 to 

16.5% in Period 3 (sed. 2.61; p<O.Ol) while there were no 

significant changes between Period 2 and 3 on Prsp-S and 

Prsp-C treatments. Since clover lamina-petiole accounted 

for almost all the clover eaten (see Table 3.21) not 

surprisingly, differences in total clover content were 

reflected in clover lamina-petiole content. Clover lamina-

petiole was highest in the diet of sheep on Prsp-C plots 

than on Prsp-S and Prsp-G plots (28.1% versus 12.9% and 

12.0% respectively; sed. 2.12; p<0.001) . Also, the 

proportion of clover lamina-petiole selected from Prsp-G 

plots was lower in Period 2 than in Period 3 (8.3% versus 

15.7%; sed. 2.44; p<0.001) . Although only present in the 

diet in small quantities, clover stolon and clover flower 

were selected in higher percentages (p<0.05) when cattle 

was the pre-species than when sheep or goats where the pre-

species. No differences between pre-species and between 

periods were recorded for the low percentages of dead 

clover selected. 

Since grass and clover accounted for over 97% of the 

diet, differences in the proportion of clover are reflected 

in the proportion of grass in the diet. The diet selected 

by sheep differed in the percentage of grass between pre-

species treatment: 68.6%, 84.9% and 83.6% (sed. 1.95; 

p<O.00l) from Prsp-C, Prsp-S and Prsp-G treatments 

respectively. As the proportion of clover in the diet 
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increased between Periods 2 and 3 on the Prsp-G treatment, 

the percentage of grass selected decreased from 88.8% in 

Period 2 to 78.3% in Period 3 (sed. 2.62; p<0.05) . Grass 

leaf (which accounted for 50-70% of the diet) was eaten in 

higher proportions from Prsp-S and Prsp-G treatments (67.3% 

and 62.6% respectively) than from Prsp-C treatment (51.9%; 

sed. 2.47; p<O.00l) . In contrast, higher contents of grass 

pseudostem were selected by sheep on the Prsp-C treatment 

(2.9%) than on Prsp-S and Prsp-G ones (1.6% and 1.8% 

respectively; sed. 0.31; p<0.001) . There was no 

significant effect of pre-species treatment on the 

percentage of grass flowerstems in the diet ingested by 

sheep. A significant reduction (p<0.05) in the percentage 

of grass flowerstern occurred between Periods 2 and 3 within 

pre-species: 12.4%, 9.2% and 7.2% in Period 2 versus 6.7%, 

6.9% and 6.4% in Period 3 for Prsp-S, Prsp-G and Prsp-C 

treatments respectively (sed. 2.21; p<0.05) . Finally, 

sheep selected higher percentages of dead grass from the 

Prsp-G treatment (11.2%) than from Prsp-S (6.5%) and from 

Prsp-C (7.1%) treatments (sed. 0.88; p<0.001) 

3.4.4.1.2. Goat - effect of previous species of grazer. 

Goats tended to select more clover from Prsp-C 

treatment (24.8%) than from Prsp-G (20.4%) and Prsp-S 

treatments (18.7%; sed. 8.40; ns) in Period 2 (see Table 

3.23). In contrast in Period 3, more clover was selected 

from the Prsp-G treatment (17.5%) than from Prsp-S (9.4%) 

and Prsp-C treatments (9.8%; sed. 3.40; p=O.068) . The 

pattern of selection of clover lamina-petiole was similar 

(see Table 3.22). The percentages of clover stolon, flower 

and dead clover selected were all very low and did not 

differ between pre-species treatments. There was an effect 

in Period 2 (p<0.05) in the selection of dead grass: higher 
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percentages were consumed from Prsp-S plots (8.0%) than 

from Prsp-G (4.0%) and Prsp-C plots (4.1%; sed. 1.29) while 

in Period 3, 8.3% of dead grass was consumed from Prsp-C 

plot in comparison to 5.3% and 4.8% from Prsp-S and Prsp-G 

plots respectively (sed. 1.40; p=0.067) 

3.4.4.1.3. Comparison between sheep and goat diets. 

Individual variation between goats in Period 2 was 

higher than in Period 3. Consequently, standard errors of 

the differences (sed.) were greater in Period 2 and 

affected the statistical differences between species. 

In Period 2, there was no significant difference 

between sheep and goats in the percentage of clover in the 

diet, although goats tended to have higher clover contents 

on the Prsp-S and Prsp-G treatments. Clover lamina-petiole 

followed a similar pattern. The diet selected by goats had 

more clover flower on all three pre-species treatments, 

especially on the Prsp-C plots (1.5% versus 0.6% for goat 

and sheep respectively; sed. 0.40; p<O.OS) 

In contrast, in Period 3, sheep selected 

proportionally more clover than goats on the Prsp-S 

treatment (13.9% versus 9.4%; sed. 6.6; ns) and on the 

Prsp-C treatment (29.4% versus 9.8%; sed. 3.11; p<0.001) 

but not on the Prsp-G treatment (16.5% versus 17.5% 

respectively; sed. 3.11; ns) . Also, in Period 3, goats 

selected much less clover lamina-petiole than sheep on the 

Prsp-C treatment (9.3% versus 28.0%; sed. 3.05; p<O.00l) 

and Prsp-S treatment (9.2% versus 13.4%; sed. 3.05; ns) but 

there was no difference between species on the Prsp-G 

treatment (17.3% versus 15.7% respectively; sed. 3.05). 

They also consumed less clover stolon than sheep on the 

157 



Prsp-C treatment (0.3% versus 1% respectively; sed. 0.32; 

P<0.05) and tended to do so on Prsp-S and Prsp-G 

treatments. Goats selected less dead clover on the Prsp-G 

treatment (0.2% versus 0.5%; sed. 0.14; p<0.05) 

In Period 2, there was no significant difference in 

the percentage of grass in the diet of sheep and goats. 

On the Prsp-C treatment, goats tended to select more grass 

leaf than sheep (62.6% versus 51.1%; sed. 6.57; p<0.1) and 

selected less grass pseudostem (1.8% versus 2.9%; sed. 

0.50; P<0.05) . Goats selected less grass flowerstems than 

sheep (6.4% versus 12.4%; sed. 1.82; p<O.Ol) on Prsp-S and 

Prsp-G treatments (4.3% versus 9.2%; sed. 1.82; p<0.05) and 

less dead grass (4.0% versus 12.2%; sed. 1.33; p<O.00l) on 

the Prsp-G treatment. 

Finally in Period 3 on the Prsp-C treatment, in 

comparison to sheep, goats had higher percentages of grass 

(p<0.001) and grass leaf (p<0.001) in their diet. On both 

Prsp-S and Prsp-G treatments, goats also selected more 

grass leaf than sheep: 77.9% versus 59.9% (sed. 3.70; 

p<0.001) on Prsp-S and 69.8% versus 60.0% (sed. 3.70; 

p<0.05) on Prsp-G treatment, but less grass flowerstems 

(p<O.l on Prsp-S treatment and p<0.05 on Prsp-G treatment) 

and less dead grass (p<0.001 on Prsp-G treatment) 

3.4.4.2. Digestibility of diet selected. 

The digestibility of the diet selected by 

oesophageally fistulated sheep and goats is shown in Table 

3.24. Oesophageally fistulated sheep selected a diet from 

Prsp-C treatment with a higher mean in vitro organic matter 

digestibility (0.791) than those from Prsp-S (0.775) and 

Prsp-G (0.758) pregrazed treatment (sed. 0.0078; p<0.001) 
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Table 3.24. Mean in vitro organic matter digestibility (proportion) of diet selected by 
oesophageally fistulated sheep and goats in Periods 2 and 3 in Phase 2 (n = 6) 

Preapecies Sheep Goat Cattle 

Species Sheep Goat Sheep Goat Sheep Goat sed. 

Period 

2 0.774 0.772 0.760 0.771 0.793 0.802 0.099 

3 0.777 0.781 0•755a 0 . 798" 0.789 0.778 0.140 

- means on the same grazing period and within a pre-species treatment with different 
superscripts differ significantly (p<0.01) 

- from a pooled standard error of differences of the means between species treatments within 
a pre-species treatment per grazing period (d.f. = 40) 
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No significative differences were recorded between sampling 

periods. 

Oesophageally fistulated goats also selected a diet 

of higher digestibility from Prsp-C paddocks (0.802) than 

from Prsp-S (0.772) and Prsp-G paddocks (0.771; sed. 

0.0104; p<0.05) in Period 2 while in Period 3 there was no 

significant difference. 

The only significant difference in in vitro organic 

matter digestibility between species was found on the Prsp-

G paddock in Period 3, where goats selected a diet with a 

higher digestibility than sheep (0.798 versus 0.755; sed. 

0.0099; p<0.001) 

345•  Relationships between diet selected and sward 

composition. 

Regression analyses were carried out between the 

percentage clover selected by oesophageally fistulated 

sheep and goats during Phase 2 (Periods 2 and 3) and the 

percentage of clover in both the whole sward and on the 

sward surface. The effect of pre-species treatment and 

sampling period on these regressions was also examined. 

Positive but non-significant correlations were found 

between the percentage of clover eaten by sheep and the 

percentage of clover in the whole sward (r=0.515; n=12) and 

on the sward surface (r=0.386; n=12) (see Table 3.25). 

Thus, while sheep tended to eat more clover when its 

presence increased either in the whole sward or on the 

sward surface, the correlation coefficients between the 

clover eaten by goats and the clover in the whole sward and 

on the sward surface were negative (r=-0.489 and r=-0.261 

respectively; n=12; see Table 3.26). 
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Table 3.25. Correlation matrix for percentage of clover in 

the diet selected by sheep and the percentage clover in the 

whole sward, on the sward surface and in their respectively 

height categories (short, medium and tall; n=12) 

diet 

1.000 

sward 

0.515 1.000 

surface 

0.386 0.968***1.000 

short 

sward 

0.501 0.767** 0.757** 1.000 

medium 

sward 

0.184 0. 847***0 . 827***0 .539 1.000 

tall 

sward 

0.567*0. 927***0 . 884***O .556 0.686** 1.000 

short 

surface 
0.448 0.613* 0.638* 0.931***0.279 0.462 1.000 

medium 

surface 

0.037 0.733** 0.750** 0.439 0.953***0.566 0.193 1.000 

tall 

surface 

0.445 0.947***0.968***0.658* 0.801** 0913***0 522  0.705*  1.000 

diet sward surface short medium tall short medium tall 

sward surface 
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Table 3.26. Correlation matrix for percentage of clover in 

the diet selected by goats and the percentage clover in the 

whole sward, on the sward surface and in their respectively 

height categories (short, medium and tall; n=12) 

diet 

1.000 

sward 

-0.489 1.000 

surface 

-0.261 0.823***1.000 

short 

sward 

-0.201 0704** 0.586* 1.000 

medium 

sward 

-0.393 0.863***0.711** 0.468 

tall 

sward 

-0.530 0.934***0.767***0.522 

short 

surface 

0.153 0.260 0.471 0.697* 

medium 

surface 

-0.072 0.671* 0.615* 0.335 

tall 

surface 

-0.428 0.863***0.913***0 .418 

1.000 

0 .708l.000 

0.133 0.052 1.000 

0.805** 0.560* -0.029 1.000 

0.762** 0.889***0.130 0.662* 1.000 

diet sward surface short medium tall short medium tall 

sward surface 
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Therefore, goats tended to eat less clover when its 

amount increased either in the sward or on the sward 

surface. Although pre-species treatment had an effect on 

the percentage clover in the diet of sheep (but not in 

goats), its addition as an independent variable in a 

multiple linear regression did not significantly improve 

the probability of the partial regression coefficients for 

the percentage of clover in the whole sward or on the sward 

surface. Introducing sampling period as a explanatory 

factor also did not significantly improve the fit of the 

regression in either animal species. 

The percentage clover in the diet was subsequently 

regressed on percentage of clover recorded on short, medium 

and tall sward height categories in the sward and on the 

sward surface respectively. Tables 3.25 and 3.26 show the 

correlation coefficients between these variables. 

For sheep, the percentage of clover in the diet was 

more closely related to percentage of clover in tall sward 

height category (R2=O.322, p=0.054) than for any other 

category or for the sward as a whole. The same was true 

for goats but the correlation was negative (R2=O.281; 

p=0.076) .  

Also percentage of clover in the diet was more closely 

related to percentage of clover in the short sward surface 

height category for sheep (R2=0.201; ns) and with 

percentage of clover in the tall sward surface height 

category for goats (R2=0.183; ns) than for other sward 

surface height categories but none of the regressions were 

significant. Combinations of percentage clover in the 

whole sward and on sward surface height categories did not 

significantly increased the variation explained. 

When percentage of clover in the diet was regressed 
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with digestibility of the diet they were strongly related 

in the case of sheep (R2=O.649; p<O.Ol) 

y = -353 (± 86.4) + 480 (± 111.0) digestibility 

where y = clover in the diet (%DM). 

digestibility = organic matter digestibility of diet (proportion) 

(Equation 3.1) 

but not in goats (R2=0.056; ns). Furthermore, diet organic 

matter digestibility was not significant related with the 

percentage of clover present in the whole sward or on the 

sward surface. 

Finally, the percentage of clover in the diet selected 

by sheep was significantly related to a linear combination 

of diet digestibility and percentage clover in the whole 

sward and on the sward surface (R2=O.873; p<O.00l): 

y = -302 (± 60.0) +400 (± 78.7) digestibility + 3.47 (± 1.02) 

sward -1.57 (±. 0.55) surface 

where y = clover in the diet (%DM) 

digestibility = organic matter digestibility of diet (proportion) 

sward = clover in the whole sward (%DM). 

surface = clover on the sward surface (%DM) 

(Equation 3.2) 
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The equivalent relationship for goats was not 

significant (R2=0.428; ns) 

Y = -103 (± 95.9) -1.3 (± 0.60) sward + 161 (± 121.0) 

digestibility + 0.6 (± 0.45) surface 

where y = clover in the diet (%DM) 

digestibility = organic matter digestibility of diet (proportion) 

sward = clover in the whole sward (%DM) 

surface = clover on the sward surface (%DM) 

(Equation 3.3) 

3.5. Discussion. 

Firstly, in this section, the variation in sward 

composition through Experiment 1 is considered in relation 

to season (Section 3.5.1), sward surface height (Section 

3.5.2) and herbage mass (Section 3.5.3) . Following that, 

the results are considered within the framework of the 

existing knowledge on grazing animal behaviour responses 

to changes in sward structure and the effects of sward 

structure on the diet selected (Section 3.5.4.1) and of 

diet selection on sward composition (Section 3.5.4.2) are 

discussed. Descriptions of the grazing strategies followed 

respectively by sheep and goats are proposed in Sections 

3.5.5 and 3.5.6. Finally, Section 3.5.7 summarizes the 

main results for Experiment 1. 
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3.5.1. Seasonal effect on the sward. 

The steady increase in clover mass throughout the 

experiment (373, 382 and 429 kg DM/ha in Periods 1, 2 and 

3 respectively) was associated with a decline in mass of 

grass (3252, 2785 and 1944 kg DM/ha in Periods 1, 2 and 3 

respectively). This was probably due to the low 

temperatures in May (below 15 °C) when white clover may 

have had a lower rate of growth than grass. This does not 

favour white clover because the lower position of their 

leaves in the canopy results in them being shaded by larger 

grass tillers (Marriott and Grant, 1990) . Clover stolon 

branching rate was probably also lower at this time as 

found by Earthrain and Grant (1994) working in the same 

environmental conditions. As temperature increased in 

June, white clover probably had a higher growth rate than 

grass and was able to maintain a higher position in the 

canopy during Phase 2 (Marriott and Grant, 1990). 

3.5.2. Sward height heterogeneity. 

Comparisons of the effects of grazing by different 

animal species on sown swards is often confounded by 

differences in sward height. To avoid this a mean target 

sward height of 6 cm was selected for the three species. 

This sward height is recommended by Maxwell and Treacher 

(1987) for sheep as an optimum for animal output per 

hectare and also by Merchant and Riach (1994) as a 

reasonable minimum for goats, although for beef cattle 

Wright and Whyte (1989) reported an optimum sward height 

of 9 cm. Furthermore Orr et al. (1988) suggested that 

maintaining the sward at above 6 cm when continuously 

stocked by sheep led to a greater expression of 



reproductive development in the grass (elongated stems) 

which would lead to a long-term deterioration in sward 

structure. Thus a sward height of 6 cm was chosen as a 

compromise height which would maintain the sward in a 

vegetative state when grazed by all three animal species. 

The aim of controlling the average sward surface 

height inside the range 6 ± 0.5 cm by regular adjustments 

of animal numbers was successfully achieved. Therefore it 

was possible to compare the effects of grazing by cattle, 

sheep and goats on variability in sward surface height. 

There was a more skewed distribution of sward surface 

height on the Prsp-C (cattle-grazed) and Prsp-G (goat-

grazed) treatments than on the Prsp-S treatment (sheep-

grazed) during Phase 1 and on the Sp-G treatment (goat-

grazed) than on the Sp-S treatment (sheep-grazed) during 

Phase 2. The more skewed distribution was associated with 

a patchy visual appearance in the cattle-grazed swards, 

as has been seen by previous authors (Gibb and Ridout, 1986 

and 1988; Illius et al. 1987; Wright and Whyte, 1989; Gibb, 

1991) . As Forbes (1982) suggested, cattle may avoid taller 

patches of vegetation because they have been contaminated 

through urination and defecation possibly because, as 

Bazely (1990) pointed out, on these taller patches, the 

ratio of nitrogen and phosphorus to other nutrients is 

greater and lower respectively than on other areas of the 

sward. 

At the end of Phase 1 (Period 1), the mean height of 

the three sward height categories (these being a 

consequence of arbitrarily dividing the sward samples into 

three) differed across animal pre-species treatments, 

suggesting that the frequency or severity of defoliation 

of these sward height categories was different on each 

treatment. The short and medium sward height categories 

were taller (approximately +0.5 cm) on the goat-grazed 
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paddocks (Prsp-G) than on the sheep- (Prsp-S) and cattle-

(Prsp-C) grazed paddocks while the tall sward height 

categories were approximately +1 cm taller on the goat- and 

cattle- grazed paddocks than on the sheep-grazed paddocks. 

Clark et al. (unpublished data, cited by Illius and Gordon 

1993) found that the short-term intake rate of goats was 

more sensitive to sward height than cattle and sheep with 

goats taking shallower bites from a perennial ryegrass 

monoculture than the other species, especially on taller 

swards. This could explain why the goat treatments (Prsp-

G and Sp-G) had a more uneven sward surface height 

distribution than sheep. Black and Kenney (1984) recorded 

that, in contrast to cattle, sheep selected taller areas 

of ryegrass created by nutrient inputs from sheep urine and 

faeces and, furthermore, Forbes (1982) observed that sheep 

were more tolerant than cattle to their own fouled grazing 

areas. This could explain the more even distribution of 

sward heights on the sheep-grazed paddocks. Although 

Illius, Clark and Hodgson (1992) showed by regression 

analysis that sheep preferred to select taller patches from 

ryegrass/clover swards grown in seed trays, this 

contradicts other observations that sheep prefer to graze 

on shorter vegetation (Arnold and Dudzinski, 1978; Van 

Soest, 1982) but this may be related to avoidance of 

material with lower digestibility. 

The differences in sward height heterogeneity created 

by the pre-species treatments at the end of Phase 1 were 

in turn modified by the subsequent grazing by sheep or 

goats during Phase 2, although the differences in height 

between sward height categories due to pre-species in Phase 

1 remained during Phase 2. 

Although Gibb and Ridout (1986 and 1988) managed to 

fit double normal distributions to their sward height 

measurements collected under cattle grazing and postulated 
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that the two parts of the distribution corresponded to 

'frequently grazed' and 'infrequently grazed' components, 

a binomial distribution of sward heights was not seen in 

this experiment. This may have been due to the fewer 

number of measurements of sward height: 50 measurements per 

plot twice per week as opposed to 150 or 250 measurements 

per plot three times per week recorded by Gibb and Ridout 

(1986 and 1988 respectively) . Therefore, it may be 

necessary to carry out more sward surface height 

measurements to achieve a better representation of the 

total area occupied by the 'frequently' and 'infrequently' 

grazed areas in each paddock/plot. In monocultures of 

ryegrass or white clover continuously stocked with sheep 

at 6 cm, Penning et al. (1991b) found that sward heights 

for the grass sward were normally distributed while in the 

clover sward there was a combination of two normal 

distributions representing recently grazed and ungrazed 

areas. They suggested that sheep grazing the clover sward 

may not have been constrained by the decline in sward 

height as adequate areas of herbage not recently grazed 

remained. 

These data cannot offer a total explanation for the 

differential variability in sward height across the pre-

species and species treatments without a complementary 

study of the bite weight and intake rate of the grazing 

animals and also an understanding of the mechanics behind 

the dynamics and spatial distribution of these grazing 

bites and a knowledge of the determinants of choice of 

grazing location (selected patches) as suggested by Demrnent 

and Laca (1993), although it can be deduced that the swards 

showed a different degree of heterogeneity in height as 

a consequence of some aspects of feeding behaviour. 
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3.5.3. Herbae mass. 

Herbage mass declined slightly from 3625 kg DM/ha in 

Period 1 to 3167 kg DM/ha in Period 2 and more markedly to 

2373 kg DM/ha in Period 3 as the sward density probably 

declined at the end of Phase 2. As mentioned before, 

maintaining the sward surface height at 6 cm in a 

continuously stocking regime avoided excessive reproductive 

development which would occur under an infrequent cutting 

regime and would probably result in a larger decline in 

herbage mass (Orr et al., 1988). As the OM diet 

digestibility of sheep and goats was relatively high across 

treatments during Phase 2 this could be accounted for the 

fact that the swards remained in a vegetative state (high 

percentages of green material) until the end of the 

experiment. 

The trend of a higher DM herbage mass at the end of 

Phase 1 in the Prsp-G treatment (3917 kg DM/ha) in contrast 

to the Prsp-S (3511 kg DM/ha) and to the Prsp-C (3448 kg 

DM/ha) treatments may be related to the goats' browsing 

habits of grazing the upper layers of the sward (see 

Section 3.5.4) and therefore allowing significant higher 

grass masses to develop in the bottom horizon (0-2 cm) of 

the Prsp-G sward than in the Prsp-S and Prsp-C swards (2822 

versus 2495 and 2269 kg/ha respectively; p<0.05) . At the 

end of Phase 2, however, there was only slightly higher DM 

herbage masses in the goat-grazed (Sp-G) treatment (2464 

kg DM/ha) than in the sheep-grazed (Sp-S) treatment (2282 

kg DM/ha) although higher clover masses were present in the 

Sp-G plots than in the Sp-S plots (547 kg DM/ha versus 311 

kg DM/ha; p<0.05) at the end of the experiment. Associated 

with this greater decline of herbage mass on swards 

previously grazed by sheep and cattle than previously 

grazed by goats, sheep and goat stocking densities were 
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higher during Phase 2 on plots previously grazed by goats 

(Prsp-G) than these previously grazed by sheep (Prsp-S) and 

by cattle (Prsp-C). 

Furthermore, the grass mass was lower in the Prsp-

C:Sp-S treatment than in the rest of the treatments. Sheep 

grazing swards previously grazed by cattle left swards 

visually more sparsely tillered and patchy with less 

overall green grass leaves (p<0.05; see Plate 3.3c) than 

when grazing swards previously grazed by sheep or goats 

(see Plate 3.3a) . As Arosteguy et al. (1983) suggested it 

may that cattle-grazed paddocks require a greater leaf area 

and mass than denser sheep- and goat- grazed paddocks for 

the same rate of pasture growth. 

3.5.4. Relationship between diet selected and sward 

composition. 

3.5.4.1. Effect of sward structure on diet selection. 

Its widely accepted that the clover content in the 

diet of grazing sheep is considerably higher than that of 

the sward as a whole. Curli and Wilkins (1980) found that 

on average, clover content of the diet was greater than 

that in the herbage on offer. With goats the results are 

contradictory. There is evidence of a lower proportion of 

clover in the diets of goats relative to that on offer 

(Clark et al., 1982; Russell et al., 1983; Radcliffe, 1985) 

and this could be due to the poor accessibility of clover 

lamina-petiole within the sward canopy rather than active 

discrimination although in most of these studies the sward 

conditions were not well characterized. 
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Plate 3.3- Swards during Phase 2. 

sheep grazing following sheep in Phase 1. 

(treatment Prsp-S: Sp-S) 

goat grazing following goats in Phase 1. 

(treatment Prsp-G: Sp-G) 

.- 

C) sheep grazing following cattle in Phase 1. 

- 

(treatment Prsp-C:Sp-S) 

- 
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In this experiment during Phase 2 whereas the swards 

of sheep- and goat-grazed plots (Sp-S and Sp-G treatments 

respectively) had an overall percentage clover of 11.9% and 

17.9% the overall percentage clover in the diet of sheep 

and goats were 18.5% and 16.7%, which conflicts with the 

results of Collins (1989) who reported that both sheep and 

goats ate a higher proportion of clover than of perennial 

rygrass on a sown sward. The difference is probably due 

to the different environmental conditions existing in New 

Zealand than in the present study. Furthermore, the 

percentage of clover ingested by sheep and goats both 

differed between pre-species treatments and between 

sampling periods (Periods 2 and 3) during the experiment. 

However the percentage of white clover ingested was not 

significantly related to the percentage of white clover 

present in the whole sward. Milne et al. (1982) found that 

the variation in percentage of clover in the diet of 

grazing sheep could be better explained by the percentage 

of clover in the grazed horizon than by percentage clover 

in the sward as a whole. They suggested that the 

proportion of white clover in the diet can be increased by 

increasing the proportion of white clover in the sward and 

by grazing swards when the content of white clover is 

greatest in the top layers i.e. on the sward surface. In 

this study, when the percentage of white clover in the 

whole sward and on the sward surface were added to diet 

digestibility as explanatory variables for percentage of 

clover in the diet, it was possible to explain 87.3% of the 

variation in proportion of clover in the diet of sheep and 

only 42.8% of the variation in the diet of goats. This 

suggests that a substantial presence of clover on the sward 

surface will promote the intake of clover by sheep 

(positive regression coefficient) but not necessarily by 

goats (negative regression coefficient; see Equations 3.2 

and 3.3). 
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Sheep selected a diet with a higher proportion of 

clover and higher digestibility from plots previously 

grazed by cattle (Prsp-C) than from plots previously grazed 

by sheep (Prsp-S) or goats (Prsp-G) . This matched the 

higher percentage of clover lamina-petiole in both sampling 

periods of the Prsp-C sward surface (Figure 3.24) in 

comparison with the Prsp-G (Figure 3.23) and Prsp-S (Figure 

3.22) treatments. Collins (1989) found that sheep grazing 

with cattle consumed 12% more clover than when grazed alone 

whereas Clark and Harris (1985) and Parker and McCutcheon 

(1992) both related higher diet digestibility values in 

sheep diets when grazing swards with higher percentages of 

clover. Thus, preference of sheep for white clover was 

more pronounced where clover availability in relation to 

sward structure was greater, as suggested by Nicol et al. 

(1987) . For instance, the increase in percentage clover 

ingested by sheep which occurred in the Prsp-G:Sp-S 

treatment during Phase 2 (Table 3.23) was related to 

concurrent increases in percentage clover in the whole 

sward and on the sward surface (see Figures 3.16 and 3.23 

respectively). 

The lower proportion of variation in percentage clover 

in the diet explained by Equation 3.3 for goats may be due 

either to their greater individual animal variation between 

sampling periods or also to the lack of a relationship 

between digestibility of the diet selected and percentage 

of clover ingested. Furthermore, this lack of a 

significant relationship might reflect shortcomings in the 

procedure for defining the sward surface in the current 

experiment. Barthram (1992) showed under similar sward 

conditions that cutting samples into two layers in 25 

locations gave small coefficients of variation between and 

within plots respectively. As Burlinson (1987) stated the 

animal is unlikely to relate to the 'mean' sward canopy 

structure and it may be argued that the stratified clips 
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should have been confined to the grazed areas rather than 

that covering both grazed and ungrazed patches. Unless 

grazing sites were defined and recorded this would be 

difficult. However, using a sampling procedure similar to 

that used in the present experiment, Nicol and Collins 

(1990) working with sheep, goats and cattle and Laca et al. 

(1994a) working with cattle described their experimental 

swards as layers, simulating the horizontal grazing style 

of these animals and managed accurately to describe many 

of the changes in the mass and composition of vertical 

sward horizons. 

Inevitably, as Burlinson (1987) mentioned there is an 

inherent problem in any grazing situation where the animal 

is free to walk over the sward. This was confirmed in the 

present experiment, as changes in botanical components in 

the sward did not always match with the presence of those 

components in the diet selected, as Collins (1989) also 

found with cattle, sheep and goats grazing ryegrass/white 

clover swards. It is not easy to explain these 

discrepancies without knowing more about the exact method 

of grazing by sheep and goats since it is possible that 

this affects the growth (and decay) of the plants. It 

might have been an oversimplification to quote a single 

value for each component on the sward surface as swards may 

vary greatly from that measured in their spatial 

arrangement within this calculated surface stratum. It 

remains a point for speculation as to whether a different 

technique for describing the spatial arrangement of the 

botanical components (e.g. point quadrat measurements) 

would have assisted the interpretation of these results. 

In contrast to sheep, the goats' diet had only a 

slightly higher percentage of clover when grazing on the 

former Prsp-C paddocks than on the Prsp-S and on the Prsp-G 

paddocks in Period 2. This may have reflected the similar 
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percentage of clover available on the sward surface across 

the different pre-species treatments (see Figures 3.22, 

3.23 and 3.24) although the diet selected was significantly 

more digestible (p<O.00l) in the former Prsp-C treatment. 

Since percentage clover in the diet was poorly related with 

the GM digestibility of the diet, the higher digestibility 

was related to a lower percentage dead grass consumed from 

previously cattle-grazed paddocks. Between Periods 2 and 

3, the percentage of clover ingested declined markedly on 

the Prsp-C (-15.0%) and the Prsp-S (-9.3%) treatments 

whilst the percentage clover in the Prsp-G treatment showed 

little change (-2.9%) because of its lower overall increase 

of the percentage clover on the sward surface. This was 

associated in the Prsp-C:Sp-G treatment with an increase 

in the percentage of dead grass consumed producing a 

decrease in the goat's diet digestibility. McCall and 

Lambert (1987) postulated that goats defoliate pastures 

from the top downwards in successive layers and, as seen 

by Hughes (1990), hardly penetrate into the basal horizon. 

As the present study suggested, the higher percentage of 

clover ingested by goats, in contrast to other studies, may 

have been seen due to a greater accessibility of clover 

lamina-petiole material in the upper layers of the swards 

(see Plate 3.3b). As the Sp-G treatment allowed more 

clover to appear on the sward surface than on Sp-S 

treatment, goats proportionally ate more clover lamina-

petiole than sheep on the Prsp-C and on the Prsp-S 

treatments. However this was not true in Period 3 in the 

former Prsp-G paddocks as the greater accessibility of 

clover within each horizon probably favoured higher 

consumption of clover by sheep than by goats. 

The results suggest that the percentage of white 

clover ingested by sheep and goats in the present 

experiment was regulated by the interaction of their 

preferential or non-preferential defoliation strategy with 
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the relative accessibility of clover within different sward 

canopy structures. The percentage clover in the tall sward 

height category was found to be the best predictor of the 

percentage of clover present in the diet of sheep and goats 

explaining 32.2% and 20.1% of its variation respectively. 

Tall sward height categories had higher herbage masses 

associated with a greater proportion of white clover in the 

upper horizons and this was apparently related to greater 

proportions of white clover in the diet of both sheep and 

goats. There is thus some evidence that sheep and goats 

were grazing from the tall areas. This is similar to the 

observations of Clark et al. (unpublished data, cited by 

Illius and Gordon 1993) where both sheep and goats 

preferred to graze taller swards. But in the short height 

categories sheep were also selecting for clover (r=0.501) 

while goats ate small amounts of white clover (r=0.153) 

This was related to lower masses of grass leaf present in 

the upper layers (4-6 cm and >6 cm horizons) of the sward 

of short height categories probably forcing the goats to 

graze clover. Parsons et al. (1994b) suggested that the 

cost of foraging increases substantially as selectivity 

increases or as the horizontal or vertical availability of 

the desired species decreases, and in these short height 

categories the cost associated with selection against 

clover by goats may have been too high. Hughes (1990) also 

suggested that goats could eat more clover under these 

circumstances because they would need a lower peak bite 

force for the consumption of clover lamina-petiole than for 

eating the less accessible grass components. 

It can be concluded from these results that the 

positive or negative discrimination for clover by sheep and 

goats respectively was modified by the different sward 

structures present in the plots. 

Finally, although Collins (1989) on her work found 
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that sheep had a higher proportion of grass leaf in their 

diets than goats, in the current experiment in Period 2, 

sheep and goats selected a similar percentage of grass leaf 

in the Prsp-S and Prsp-G treatments whereas on the Prsp-C 

treatment goats ate a higher percentage of grass leaf 

(+11.5%) . As recorded on the sward surface profiles, the 

percentage of grass leaf present under goat-grazing (Sp-G) 

was lower than that under sheep grazing (Sp-S) in the 

Prsp-S and Prsp-G treatments and may have limited its 

selection by goats because of their shallow bites (Clark 

et al. unpublished data; cited by Illius and Gordon, 1993) 

whereas sheep apparently could graze further down into the 

sward searching within the horizon for higher proportions 

of green material (grass leaf and clover lamina-petiole 

components) as suggested by Milne et al. (1982) . Following 

this, as swards previously grazed by cattle (the Prsp-C 

treatment) were more patchy in appearance than those grazed 

by other pre-species, the goats would be able to eat more 

grass leaf from these more 'open' sward conditions and 

therefore have relatively greater ease of access to grass 

leaf material than from other pre-species treatments. As 

seen by previous work on mixed goat-cattle grazing regime 

(Collins, 1989) this meant that goats may have had access 

to a relatively larger area for grazing when they followed 

cattle than when they followed sheep or goats. 

3.5.4.2. Effect of diet selection on sward composition. 

As a consequence of this apparent rejection of clover 

by goats, there was a trend both in the whole sward and on 

the sward surface, for higher percentage clover and clover 

masses to develop on the goat-grazed plots (Sp-G) than on 

the sheep-grazed plots (Sp-S) in Periods 2 and 3. In both 

periods greater decreases in clover stolon mass occurred 
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within the 0-2 cm horizon of the Prsp-S:Sp-S and Prsp-C:Sp-

S treatments during Phase 2 (see Figures A1.15 and A1..24) 

probably related to deeper grazing and removal of clover 

by sheep than by goats as seen by Curll and Wilkins (1982) 

with sheep and Bown et al. (1989) with sheep and goats in 

continuously stocking regimes. Also under a rotational 

grazing regime, Radcliffe et al. (1991) reported higher 

clover contents under goat grazing than under sheep grazing 

(13.8% versus 7.5%). These differences in percentage 

clover created between species treatments in Phase 2 were 

more pronounced on the sward surface than in the whole 

sward because white clover tends to have a greater 

proportion of its leaf area in the upper layers of the 

canopy than does grass (Dennis et al., 1984). As the white 

clover may be selected in proportion to its accessibility 

with respect to grass leaf, then its preferential (by 

sheep) or non preferential defoliation (by goats) of white 

clover would be reflected in the sward surface of the plots 

(see Figures 3.22, 3.23 and 3.24). Evidence for the 

grazing of the sheep and goats being concentrated on the 

upper layers of the sward in the present experiment comes 

from the high percentage of live grass (always above 50.0%) 

and low percentage of dead grass (always below 13.0%) and 

of grass pseudostem (always below 3.0%) in the diet of both 

sheep and goats. 

The increase in clover under goat grazing in Phase 2 

also resulted in increased percentages of dead clover due 

mainly to an accumulation of uneaten clover material in the 

0-2 cm and 2-4 cm horizons (see Figures A1.17 and A1.26) 

This was also reported by Clark et al. (1984) who concluded 

that under goat grazing, due to apparently rejection of 

white clover, more dead white clover tissue would enter the 

soil as plant litter and consequently N losses might be 

reduced. Also due to this apparently lower removal of 

white clover material by goats in the upper layers 
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throughout Phase 2, a higher percentage of clover flowers 

appeared in the sward surface of the Prsp-G:Sp-G (see Plate 

3.3b) and Prsp-C:Sp-G treatments together with greater 

clover flower masses within the >6 cm horizon of the Prsp-

C:Sp-G treatment (see Figures A1.16 and A1.25) 

In contrast to Phase 2, differences in percentage of 

clover between sheep- and goat-grazed swards in Phase 1 

were recorded only on the sward surface but not in the 

whole sward (see Table 3.6). This contrast between Phase 

1 and 2 may be due to differences in the differential 

growth rates between grass and clover at different times 

of year. If conditions did not favour the growth of clover 

relative to grass in Phase 1, then reduced selection of 

clover by goats may not have resulted in increased clover 

contents in the sward. At the end of Phase 1, the overall 

percentage of clover in the whole sward tended to be higher 

in cattle-grazed paddocks than in sheep- and goat- grazed 

paddocks (11.8% versus 9.5% and 8.8% respectively) . This 

is in agreement with studies with grass/clover swards by 

Alder et al. (1967) and by Briseflo de la Hoz and Wilman 

(1981) who also recorded higher levels of clover in cattle-

grazed than in sheep-grazed swards. Wright et al. (1992) 

recorded 11.1% and 13.1% clover in cattle-grazed plots and 

7.6% and 4.7% clover in sheep-grazed plots in plots at 4 

and 8 cm sward surface heights respectively while Morrison 

et al. (1985) and Clark et al. (1985) observed that sheep 

appeared actively to select clover while cattle did not. 

A large part of the difference at the end of Phase 1 in 

clover contents of cattle-grazed swards was due to the fact 

that there was considerably more clover lamina-petiole in 

the short and tall sward height categories (21.6%, 9.0% and 

17.2% on short, medium and tall height categories 

respectively) which resulted in a much greater clover 

lamina-petiole mass in these categories (358, 194 and 405 

kg DM/ha on short, medium and tall height categories 

WON 



respectively; sed. 87.7) . On the goat-grazed paddocks the 

clover lamina-petiole was more evenly distributed (16.9%, 

15.0% and 11.7% for short, medium and tall height 

categories respectively) while on the sheep-grazed paddocks 

the values were 6.7%, 15.4% and 6.1% respectively. Thus 

the primary reason for a trend towards higher clover 

contents of cattle-grazed swards appears to be an increase 

in clover in the short and taller areas. The taller areas 

probably equated with the areas of the sward which were 

infrequently grazed whereas differences in clover content 

between pre-species treatments of other sward height 

categories could be due to differences in the method of 

grazing. It seems that sheep grazed to lower levels in the 

sward than cattle and goats had the shallowest bites as 

seen by Clark et al. (unpublished data, cited by Illius and 

Gordon, 1993). Short areas on cattle-grazed paddocks may 

be less frequently grazed than on sheep-grazed paddocks as 

fewer number of lower sward surface height measurements 

recorded on the Prsp-C treatment than on the Prsp-S 

treatment during Phase 1 suggested (see Figure 3.7). Thus 

the increase in clover contents under cattle grazing may 

be as a consequence of larger intervals between defoliation 

in part of the sward. It is well documented that a larger 

defoliation interval can result in increment clover 

contents in grass/clover swards (Frame and Newbould, 1986; 

Davies, 1992; Frame, 1992) 

The clover lamina-petiole material could overtop the 

grass on the sward surface of goat-grazed swards in 

contrast to sheep-grazed swards where sheep would graze 

down into the sward, removing clover lamina-petiole in the 

intermediate horizons (Collins, 1989) or even near to 

ground level (Hughes, 1990) depending of the pasture 

characteristics. The higher number of lower sward surface 

height hits recorded on the sheep-grazed paddocks in 

contrast to the goat-grazed paddocks suggest differences 
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in bite depth. This was also reflected in differences in 

the percentage clover present both in the whole sward or 

in the sward surface between sward height categories within 

pre-species treatments. 

Apart from the differences in clover components, 

differences in ryegrass components between pre-species and 

species treatments were also of interest during both 

experimental phases. In general, as the proportion of 

clover in the diet or sward increases, then the proportion 

of grass must decrease. Only points which run against this 

general trend will be discussed. 

In the present experiment although both species showed 

a general non-preference harvesting for dead material in 

both sampling periods during Phase 2 (Period 2 and 3), 

sheep ate a significantly higher percentage of dead grass 

than goats from the Prsp-G treatment. This matched with 

greater accumulation of dead grass masses in the lowest 

horizon in goat-grazed paddocks (Prsp-G) than in sheep-

(Prsp-S) and cattle- grazed paddocks (Prsp-C) during 

Periods 1, 2 and 3 (see Figures A1.4, A1.13 and A1.22) 

associated probably with the inability of goats to graze 

near the ground level. Goats have a narrower mouth than 

sheep and cattle and the absence of a tongue-gathering 

grazing mechanism may be an advantage in avoiding ingestion 

of dead grass material. Similarly Collins and Nicol (1987) 

recorded lower percentages of dead material in cattle-

grazed swards (39%) than in sheep- (61%) and in goat-

grazed swards (49%). Furthermore, Hughes (1990) reported 

that calves consumed a greater proportion of dead material 

than kids or lambs and also Nicol et al. (1987) recorded 

a higher apparent discrimination by goats against dead 

material although Clark et al. (1982) found a lower degree 

of dead grass discrimination on goats than on sheep. 
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However in Phase 2, sheep-grazed plots (Sp-S) resulted 

in a higher percentage of dead grass than on goat-grazed 

plots (Sp-G), mainly confined to the 0-2 cm horizon. As 

the grass pseudostem content increased this would restrict 

the sheep grazing depth and consequently would allow a 

higher accumulation of dead matter near to the ground level 

(Barthram, 1981) . Also, different proportions of grass 

pseudostem between treatments were seen in Period 1. The 

overall percentage grass pseudostem was lower in the whole 

sward in the goat-grazed paddocks than in cattle- and 

sheep- grazed paddocks (p<0.001),  especially in the short 

and tall height categories. For instance, sheep-grazed 

paddocks (Prsp-S) had higher masses of grass pseudostems 

in the 0-2 cm horizon of the tall sward height category 

(839 versus 624 and 565 kg/ha/horizon in the Prsp-S, Prsp-G 

and Prsp-C treatments respectively). Taken together these 

results indicate that, although in all the pre-species and 

species treatments, taller sward height categories had 

higher percentage of grass pseudostem and flowerstem 

material than short and medium height categories, overall, 

swards grazed by goats had a lower percentage of such 

material because of their inherent browsing habits (Nicol, 

1988) allowing the swards to have greater amounts of grass 

vegetative material. These differences were also seen by 

Collins and Nicol (1987) who recorded in pastures grazed 

by cattle higher grass reproductive material than those 

grazed by sheep and goats (25% versus 16% and 17% 

respectively) 

Finally, there were a trend towards higher masses of 

other species in the medium and tall height categories in 

the goat-grazed paddocks than in the sheep- and cattle-

grazed paddocks (see Figure A1.9) at the end of Phase 1 and 

also at the end of Phase 2 especially in the Prsp-G:Sp-G 

and Prsp-S:Sp-G treatments. This could be due to the 

production of more taller clover units under goat grazing 
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than under sheep grazing as seen visually on the field 

giving a higher potentially enhancement of nitrogen (N) and 

therefore potential for growth by other competitive plant 

species. This was also shown by Radcliffe et al. (1991) 

who reported 3.8% and 1.6% weed contents in goat-grazed 

pastures and sheep-grazed pastures respectively. 

3.5.5. Grazing strateav of sheep. 

The percentage clover in the diet of sheep was more 

closely related to the percentage of clover in the whole 

sward (r=0.515) than to the sward surface (r=0.386) . This 

may indicate that the sheep not only ate the easily 

accessible clover but grazed down to obtain clover within 

the sward. Milne et al (1982) found that sheep selected 

for clover at low levels and against clover at high levels 

in the grazed horizon and Parsons et al. (1994b) have 

suggested that a diet of intermediate clover contents may 

have greater 'value' to sheep than diets with very high or 

very low clover content. In the present study sheep 

consumed proportionally more clover than was present in the 

sward. Although there was a positive association between 

diet digestibility and the percentage clover in the diet, 

the sheep did not maximize diet digestibility by selecting 

a diet of 100% clover. They selected a mixed diet of 

ryegrass and white clover as in other recent studies of 

foraging behaviour in sheep (Illius and Gordon, 1990; 

Illius et al., 1992;, Newman et al., 1992) . It might be 

reasonable to suggest that for the sheep the costs of 

selecting and eating a pure clover diet and continuously 

rejecting ryegrass components can outweigh the benefits and 

so a mixed diet of clover (10-30%) is selected (Thornley 

et al., 1994). The percentage clover eaten may be not only 

determined by the clover mass encompassed within a bite but 
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by the spatial distribution of this clover material in the 

canopy volume as Burlinson, (1987), Laca et al., (1992a) 

and Laca et al., (1994a) pointed out. Then it may be that 

to satisfy their energy requirements sheep perhaps need to 

graze further down into the sward than goats and as a 

consequence ingested more clover. All of this suggests 

that preference of sheep for clover would be more 

pronounced when its vertical and horizontal accessibility 

is greater. 

3.5.6. Grazing strategy of goats. 

The diet selected by goats was more variable than that 

by sheep. This agrees with the findings of Collins (1989). 

She proposed that goats would harvest a variable quality 

of diet with the motive of maximizing the consumption of 

new growth encompassed by a surface grazing strategy. 

However the results in the current experiment could be 

biased because fewer goats were used (three animals) than 

sheep (six animals). 

As Collins (1989) and Hughes (1990) suggested, it 

might be that unlike sheep, goats are unwilling to graze 

lower horizons. Goats with their relative narrow incisor 

breadth, compared to sheep, and absence of a tongue 

gathering grazing mechanism appear poorly equipped to graze 

clover in the least dense pasture horizon, that is at the 

sward surface. The tall and medium sward height categories 

which had less dense upper horizons than the short height 

categories probably allowed goats to 'browse', topping the 

ryegrass and apparently rejecting clover components (McCall 

and Shaw, 1991) while on the short height categories the 

goats may have been forced to consume some clover as green 
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grass availability was reduced. As diet selected by goats 

were significantly more digestible than diets selected by 

sheep (p<0.001) it could be suggested, as Hughes (1990) 

concluded in his work, that the grazing strategy of the 

goat may be one of harvesting plant material of the highest 

quality in the surface horizon. However although goats ate 

some white clover in this study it is difficult to 

reconcile this with the fact that percentage clover in the 

diet was not related to the OM digestibility of the diet 

selected. Collins (1989) explained this apparent 

contradiction by suggesting that goats followed a grazing 

strategy which allowed them to combine diet quality with 

a high rate of intake and maintain a wider variety of 

components in the diet than sheep to reduce the risk of 

reliance on one feed source. As the accessibility of 

clover became higher, they ingested more clover. Therefore 

it is reasonable to suggest that although there was an 

avoidance of clover, goats might have consumed clover as 

a consequence of its accessibility interacting with their 

apparently shallow grazing behaviour, sampling for fresh 

vegetative material of higher quality. This could explain 

why goat-grazed swards had a more uniform horizontal 

distribution of clover through all the horizons than sheep-

grazed swards. 

3.5.7. Summary. 

In this study differences between pre-species 

treatments on sward surface height distribution and on the 

vertical arrangement of ryegrass and white clover 

components across the horizons and sward height categories 

in which the sward were divided provided a good evidence 

that cattle, sheep and goats vary in their sensitivity to 

pasture structure and/or composition. Cattle-grazed swards 



tended to have higher proportions and amounts of white 

clover which was particularly related to the amount of 

clover in tall areas of the sward. Goats also appear to 

have a different grazing strategy to sheep. The goat's 

apparent rejection of white clover reversed the normal 

effect of grasses shading clovers and together with the 

heavier losses of clover stolons suffered on the swards 

grazed by sheep allowed the swards subsequently grazed by 

goats to have higher clover contents than the swards 

subsequently grazed by sheep in the whole sward and on the 

sward surface. 

Also differences in the composition of the whole sward 

and of the sward surface, as measured in the experiment 

determined to some extent, but not completely the clover 

ingested by sheep and goats. The pre-species treatment 

still influenced diet selection even after accounting for 

whole sward and sward surface composition indicating 

difficulty in describing sward canopy structure in a way 

which is completely satisfactory from the point of view of 

predicting diet composition. However, the proportion of 

clover present on the sward surface together with that on 

the whole sward and the digestibility of the diet helped 

to determine the percentage clover ingested in both animal 

species although goats showed greater variability in the 

diets selected. Both animals ingested more clover from 

tall areas of the sward than from medium and short areas 

and whereas sheep seemed to graze down within the horizon 

searching for clover lamina-petiole and grass leaf, goats 

harvested plant material of the highest quality in the 

surface layers. More research is required to verify this 

hypothesis. 
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CHAPTER 4 

EXPERIMENT TWO 

The effect of animal species and sward height on the 

competitive ability of grass and clover and on the 

subsequent facilitation for weaned lambs. 

4.1. Introduction. 

The main aim of this experiment was to compare the 

diet selection, herbage intake and animal performance 

responses of weaned lambs to variations in the sward 

structure of grass/clover swards grazed previously by 

either sheep or goats under different sward height 

conditions. 

The experiment also extends the results of Experiment 

1 by incorporating some of the same animal species 

sequences but at a number of sward heights. 

4.2. Materials and methods. 

4.2.1. Site and location. 

The experimental site was at The Macaulay Land Use 

Research Institute's Hartwood Research Station in central 
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Scotland, although in a different field from that used in 

Experiment 1. Full details of the soil type is given in 

Section 3.2.1. 

The experiment was conducted in 1992. Annual rainfall 

(January 1992 - December 1992) was 1321 mm (124% of 

average) 

4.2.2. Experimental design. 

Ewes and twin lambs or goats continuously grazed 

ryegrass/clover swards at one of two sward surface height 

treatments: either at 4 cm (0.8 ha paddock) or at 8 cm 

sward surface height (0.4 ha paddock) from 26 May to 22 

July (Phase 1) . Each treatment was replicated twice so 

that there were eight paddocks (see Figure 4.1) 

On 22 July the paddocks which had been grazed at the 

4 cm sward height were subdivided into two plots of 0.4 ha. 

The animals were removed from one of each pair of plots 

while the other continued to be grazed at a sward surface 

height of 4 cm. Grazing was also continued on the 8 cm 

treatment paddocks. The swards in the plots with no 

animals were allowed to increase in height until they 

reached approximately 8 cm, at which time (12 August) ewes 

and lambs and goats were removed from the paddocks and all 

plots were stocked with weaned lambs until 30 September 

(Phase 2) 

The experiments had a 2 x 3 factorial design, i.e. two 

animal species (pre-species) in Phase 1 x three sward 

height treatments (see Figure 4.2) 



Figure 4.1- Plan (approximately to scale) of the experimental 
layout of phase 1. 

0.8 ha 0.8 ha 

Goats Sheep 

4 cm 4 cm 

0.4 ha 0.4 ha 
Sheep Goats 
8 c 8 c 

ADJACENT AREA 
(not to scale) 0.4 ha 0.4 ha 

Goats Sheep 
8 c 8 c 

0.8 ha 0.8 ha 

Sheep Goats 

4 cm 4 cm 

MAIN ALLEY AREA 

Permanent fence erected throughout Phase 1. 
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Figure 4.2. Plan (approximately to scale) of the experimental 
layout of Phase 2. 

0.4 ha Lambs 0.4 ha Lambs 

4-4 cm 4-8 cm 

0.4 ha Lambs 0.4 ha Lambs 

4-8 cm 4-4 cm 

0.4 ha Lambs 0.4 ha Lambs 

8-8 cm 8-8 cm 

0.4 ha Lambs 0.4 ha Lambs 
ADJACENT AREA 
(not to scale) 8-8 cm 8-8 cm 

0.4 ha Lambs 0.4 ha Lambs 

4-4 cm 4-8 cm 

0.4 ha Lambs 
----------------------------------------------------------- 

0.4 ha Lambs 

4-8 cm 4-4 cm 

MAIN ALLEY AREA 

Permanent fence erected throughout the 
experiment (Phase 1 and Phase 2). 

Fence erected at the end of Phase 1. 
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The sward height treatments have been designated 4-4 cm, 4-

8 cm and 8-8 cm treatments. As in Experiment 1, the term 

'paddock' is used to denote experimental areas in Phase 1 

while 'plot' refers to experimental areas in Phase 2. 

4.2.3. Sward. 

The experimental sward was sown on 24 May 1990 with 

30.5 kg/ha of a mixture of perennial ryegrass and white 

clover. The varieties sown are shown in Table 4.1. 

In the experimental year (1992) the first application 

of fertiliser, on 5 May, was of 12.3 kg/ha of N and 63 

kg/ha of P205  and 63 kg/ha of K20. On 16 July, the sward 

received another application of 62 kg/ha of P205  and 62 

kg/ha of K70. 

4.2.4. Animals. 

In Phase 1, a 'core' flock of 30 lactating Greyface 

ewes with twin Suffolk-cross lambs, born between 23 March 

and 9 April 1992, was used. A 'core' flock of 128 yearling 

castrated male goats of the same genotypes used in 

Experiment 1 was also used. They were allocated at random 

but balanced for live weight between treatments. 

An additional 18 Greyface ewes with 36 twin lambs 

plus 52 yearling castrated male goats from the same sources 

as the experimental 'core' animals were used to adjust 

stocking rates to control sward heights during Phase 1. 
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Table 4.1. Details of re-seeding of swards used in 

Experiment 2. 

Sowing Date Species Variety Seed rate per ha 

(kg/ha) 

24 May 1990 perennial Baranna 6.0 

ryegraSS 

Condesa 6.0 

Contender 4.0 

Duramo 4.0 

Macella 8.0 

white S184 2.0 

Clover 
It Kent Wild 0.5 

White 

193 



In Phase 2 a core of 120 weaned Suffolk x Greyf ace 

lambs born between 6 April and 5 May and weaned on 3 August 

plus an extra 20 weaned lambs from the same flock, ranging 

in live weight from 27 to 32 kg, were used. They were 

allocated at random balanced for date of birth, live weight 

and sex to the treatments. 

Six weaned Suffolk x Greyface lambs from the same 

flock were oesophageally fistulated and used to collect 

samples of the diet selected. 

4. 2 .5. Manacement. 

The experiment commenced when the paddocks achieved 

their pre-determined sward surface heights. 

Adjustments to stocking rate were carried out as 

necessary following the measurement of sward height twice 

weekly. When not grazing the experimental paddocks, 

animals grazed in a nearby area of the same sward. 

During both phases of the experiment, animals were 

regularly run through a footbath containing a solution of 

zinc sulphate (100 g/l; Deosan). All animals were drenched 

against internal parasitic worms with a dose of 0.08% of 

Ivermectin (Oramec drench, MSD Agvet, UK), before going on 

pasture and approximately every four weeks, but not during 

an intake measurement period. Regular checks of feet were 

carry out on all the animals, especially on goats, during 

wet periods and hooves were trimmed back, as required. 

A mineral lick and water were available to all the 

animal groups during the experiment. The goats had access 

to small shelters. 
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4.2.6. Pasture measurements. 

4.2.6.1. Sward height. 

Sward surface height was measured twice weekly using 

an HFRO sward stick (as in Experiment 1). Fifty 

measurements were recorded at random as the operator 

followed a 'W' shaped route through each paddock or plot. 

4.2.6.2. Pasture composition. 

Herbage mass and the vertical distribution of sward 

components were estimated using the same procedure as in 

Experiment 1, except that the samples were bulked within 

horizon from all 24 samples per plot, i.e. the samples were 

not separated into those from 'short', 'medium' and 'tall' 

areas, as in Experiment 1. 

Thus, four horizon-bulked samples were collected from 

each plot for the 0 to 2, 2 to 4, 4 to 6 and >6 cm 

horizons. 

Measurements were made three times in Phase 1: at the 

start (22-26 May), middle (1 and 2 July) and at the end 

(17-20 July) of this phase. In Phase 2, measurements were 

also made on three occasions: at the beginning (10 and 11 

August), middle (21-28 August) and at the end (18-25 

September) of this phase. 

Each sample was stored at -20 °C until, separated 
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into: 

- live grass 

- dead grass 

- live clover 

- dead clover 

- other species 

- unidentified remainder. 

All separated material was washed, oven dried for 24 

hours at 80 °C and weighed. All weights were then corrected 

to kg DM/ha. 

4.2.7. Animal measurements. 

4.2.7.1. Live weight and condition score. 

All animals were weighed (non-fasted) every two weeks 

throughout the experiment. 

When live weight was measured during Phase 1, body 

condition score was recorded on ewes on the 0 to 5 scale 

described by Russel, Doney and Gunn (1969). On goats, body 

condition was recorded following the procedure described 

originally by Santucci and Maestrini (1985), Poisot (1988) 

and according to Russel (1990). All condition scoring was 

carried out by the same person. Although the condition 

scoring scale is the same, sheep and goats have a different 

distribution of fatness in the body: fat is stored 

subcutaneously in sheep whereas goats store more fat 

internally (see Appendix 2). 
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4.2.7.2. Herbage intake. 

Herbage intake and diet selection in weaned lambs were 

measured twice in Phase 2 on one replicate only, at 

approximately the same time as measurements were made of 

sward composition. 

Herbage DM intake of the 'core' animals was measured 

using the n-alkane technique developed by Mayes, Lamb and 

Colgrove, 1986. Alkanes were extracted by a modification 

(Mayes, unpublished data) of the method of Mayes et al. 
(1986) 

On the two measurement occasions in Phase 2, starting 

on 17 August and on 14 September respectively, the 10 

'core' lambs from each plot of one of the replicates were 

dosed daily for 11 days between 09.00 h and 10.30 h with 

paper pellets of 1 g impregnated with 99 ± 1.9 mg C28, C32  

and C36  n-alkanes. Rectal faecal grab samples were 

collected from each animal once daily at the time of dosing 

on the last 4 days of each dosing period and on the 

following day. The faeces samples were bulked within 

animal and stored at -20 °C. The samples were then freeze 

dried and milled through a 1 mm screen prior to analysis 

for n-alkane content. 

During the same measurement periods oesophageally 

fistulated lambs (see Section to 4.2.7.3.2) provide 

samples of the diet from the relevant plots for C33  alkane 

determination. 

As Dove and Mayes (1991) described, herbage dry matter 

intake is calculated from the ratio of dotriacontane: 

tritriacontane (C32:C33) in faeces, the concentration of C32  

and C33  in extrusa and the dose of C32  by the following 
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equation: 

(-)xD32  
F32  

HI= 
F33  

32 

where: HI = Herbage Intake (kg DM per day) 

F33 = Faeces C33  concentration (mg/kg DM) 

H33  = Extrusa C33  concentration (mg/kg DM) 

F32 = Faeces C32  concentration (mg/kg DM) 

H32 = Extrusa C32  concentration (mg/kg DM) 

D33  = Pellet C32  content (mg/day) 

(Equation 4.1) 

4.2.7.3. Diet selected. 

4.2.7.3.1. Oesophageal fistulates. 

Six suckling Suffolk x Greyf ace lambs were 

oesophageally fistulated on 6 July, six weeks before their 

use, using the same procedures as described for Experiment 

1 except that they were fitted with a 'T' shaped plug from 

the time of surgery. From 9 July to 3 August, when they 

were weaned, they grazed with their mothers. 

Care and maintenance of the animals followed the same 

methods as explained in Section 3.2.7.1.1. Animals were 

rotated around the experimental plots 2 weeks before their 

use. Training was carried out to familiarise the animals 

with the collection procedures. 

The lambs were used on two occasions: on 21-28 August 



and on 18-25 September at the same time that measurements 

were made of herbage intake and sward composition. In any 

one day, two samples were collected from each animal from 

each plot, one in the morning (10.30-11.30 h) and the other 

in the afternoon (15.30-16.30 h) on the same replicate on 

which intake was being measured. The collection periods 

lasted approximately 15 minutes, using the procedures 

detailed in Section 3.2.7.1.1. The lambs always grazed a 

plot for at least one day before samples were collected. 

4.2.7.3.2. Botanical composition. 

Extrusa samples were frozen at -20 °C and subsequently 

freeze dried. The sample was throughly but gently mixed 

and a subsample of 10 g of DM mass taken. It was manually 

separated by the same person into the same components as 

the sward herbage samples: 

- live grass 

- dead grass 

- live clover 

- dead clover 

- other species 

- unidentified remainder. 

The separated material was oven dried (80 °C) for 24 

hours and dry weight recorded. 

4.2.7.3.3. 'In vitro' digestibility. 

The remaining portion of the freeze-dried extrusa 

sample was subsampled (3 g of DM mass), milled through a 1 



mm screen and analysed for in vitro digestibility by the 

method of Tilley and Terry (1963) as modified by Alexander 

and McGowan (1966). 

4.2.7.4. Animal health. 

To monitor the internal parasite burden, additional 

faeces samples from 5 core' lambs/plot were collected at 

the time of collection of grab samples for n-alkane 

determination at the end of Phase 2. These rectal faeces 

samples were stored at 4 °C prior to subsequent worm egg 

counts. 

4.3. Statistical analysis. 

Data was firstly tested for normality and subsequently 

analysed by using Genstat 5.2 (Lawes Agricultural Trust, 

1990) . Statistical analyses comprised analysis of variance 

on each of the sward and animal variables measured plus 

correlation and regression analyses to investigate 

relationships between these variables. Minitab 7 (Minitab 

Inc., 1989) was used to conduct x2  tests where appropriate. 

4.3.1. Sward heicrht. 

Comparisons of the distribution of sward height 

measurements during Phase 1 and Phase 2 were carried out 

using the procedure utilised on Experiment 1 (see Section 

3.3). Mean sward heights in each phase were compared by 

analysis of variance where paddocks (Phase 1) or plots 



(Phase 2) were used as the blocking factor and replicate, 

pre-species and sward height treatment (plus the 

interaction of the last two) were used as the treatment 

factors. 

4.3.2. Sward composition. 

For each of the five botanical components of the 

sward, treatment means were obtained by a similar 

procedure (a partially hierarchical nested analysis) to 

that used in Experiment 1. From the raw data the 

composition of the sward as a whole and of each horizon was 

calculated. The composition of the 'sward surface was 

calculated by a mathematical procedure already explained in 

Section 3.3. Analyses of variance were then carried out on 

each of the percentages of the five botanical components 

and on their respective percentage totals (grass or clover) 

using replicate, pre-species and sward height treatment 

(plus the interaction of the last two) as factors and 

paddock (Phase 1) or plot (Phase 2) as blocking factors. 

Also the amounts (kg/ha) of the five botanical components 

and their totals were analysed for each sampling period 

with replicate, pre-species, sward height treatment and 

horizon (plus the interaction of the last three) in Phases 

1 and 2 and paddock (Phase 1) and plot (Phase 2) as 

blocking factors. An example of an ANOVA carried out in 

Phase 2 is given in Appendix 3b. 

Finally, the effects of treatment were also tested 

through both phases with replicate, pre-species, sward 

height treatment, horizon and sampling period (plus the 

interaction of the last four) and paddock as a blocking 

factor in Phase 1 and plot as a blocking factor in Phase 2. 
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4.3.3. Diet composition. 

Diet selection (the proportion of each component and 

of their totals) and digestibility data from extrusa 

samples on Phase 2 were analysed by analysis of variance. 

Data from weaned lambs from both sampling periods were 

analysed with pre-species, sward height treatment and 

sampling period (plus their interaction) as treatment 

factors and animal nested within plot as a blocking factor. 

Also lamb herbage intake in Phase 2 was analysed using pre-

species, sward height treatment and sampling period (plus 

their interactions) as treatment factors and plot as 

blocking factors. 

4.3.4. Animal performance. 

All data recorded on animal responses (live weight, 

live weight changes, body condition score changes, stocking 

rate, animal grazing days and total output per hectare) 

were statistically analysed by using ANOVA with replicate, 

and sward height treatment factors in Phase 1 and 

replicate, sward height treatment and pre-species (plus the 

interaction of the last two) as treatment factors in Phase 

2. Ewes' live weights were corrected for the weight of 

wool clipped after they were sheared during Phase 1. In 

Phase 1, effects of sex, initial live weight and initial 

body condition score of goats or sheep were used as 

covariates but did not show any significant effects. In 

Phase 2, sex, date of birth, birth weight and initial live 

weight of the weaned lambs used were used as covariates in 

all the analyses of variance. 

Multiple regression analysis was used to build up 
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models of variables considered to be important in the 

response during Phase 2 in the percentage of clover 

selected on the diet, herbage intake and live weight gain 

of the weaned lambs in Phase 2 and also on ewe, lamb and 

goat live weight changes during Phase 1. Sward height 

treatment and sampling period in Phase 1 and pre-species, 

sward height treatment and sampling period in Phase 2 were 

used as explanatory terms and consequently added or dropped 

depending on whether or not they improved the fit of the 

regressions. 

4.4. Results. 

In the presentation of results the sheep and goat 

(pre-species) treatments on Phase 1 are indicated as Prsp-S 

and Prsp-G respectively while the sward height treatments 

in Phase 1 are labelled as 4 or 8 cm treatments and in 

Phase 2 as 4-4 cm and 8-8 cm treatments (swards which were 

grazed at a height of 4 and 8 cm respectively) and 4-8 cm 

(swards which were allowed to increase in height from 4 to 

8 cm at the start of Phase 2) . Proportions of components 

in the sward and in the diet are expressed as percentage 

values. 

4.4.1. Weather. 

Figure 4.3 shows the monthly distribution of rainfall 

and temperature over the year 1992. 
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Figure 4.3. Monthly mean temperatures (°
C) and rainfall 

(mm) recorded at the experimental site during 1992. 
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Although the first dressing of fertiliser was applied in 

April, the wet weather: 86 mm rainfall (134 % of average) 

and 5.4 °C mean daily temperature, delayed the turn out of 

the stock until mid-May when eventually warm and dry 

weather prevailed (92 mm rainfall and 10.1 °C mean daily 

temperature). These conditions prevailed through June (24 

mm rainfall and 13.2 °C mean daily temperature) and most of 

July (77 mm rainfall and 12.6 °C mean daily temperature). 

In marked contrast to the earlier part of the summer, the 

latter half was very wet with 181 mm (162 % of average) and 

166 mm (150 % of average) rainfall in August and in 

September respectively. 

4.4.2. Sward height. 

Table 4.2 shows the overall mean sward heights for 

each treatment in Phase 1 and Figure 4.4 shows the changes 

in sward height in Phase 1. 

Table 4.2. Mean sward surface heights (cm) during Phase 1 

(n = 3000) 

pre-species sheep goat 

Height (cm) 4 8 4 8 sed. 

Sward height 4.9 8.1 4.8 9.0 0.50 

From 29 May there were initial non-significant 

differences between pre-species treatments on the 8 cm 

sward height treatment until 19 June. From this date, 

Prsp-G paddocks were maintained close to the target sward 

height of 8 cm which had been achieved by 4 June on the 

Prsp-S treatment (Figure 4.4) 
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Pattern of change of sward surface heights in Phase 1. Figure 44. 
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This explains the slightly higher overall mean sward height 

on Prsp-G paddocks (9.0 cm) than on Prsp-S paddocks (8.1 

cm; sed. 0.50; ns) and also resulted in a significant 

interaction between pre-species x sward height treatment x 

day of measurement. However, on the 4 cm sward height 

treatment both pre-species treatments reached the target 

height on 9 June (see Figure 4.4) and from then showed 

little deviation from the target height. 

Figure 4. 5 illustrates the pattern of sward heights on 

all treatments during the transitional phase between Phases 

1 and 2 and during Phase 2. The transitional phase took 

place from 21 July to 12 August during which time the 4-8 

cm height treatment plots grew to the target height of 8 

cm. From then, Table 4.3 describes the overall mean sward 

heights between treatments during Phase 2. 

Table 4.3. Mean sward surface heights (cm) during Phase 2 

(n = 1400) 

pre-species sheep goat 

Height (cm) 4-4 4-8 8-8 4-4 4-8 8-8 sed. 

Sward height 4.6 8.0 7.9 4.6 8.0 8.0 0.24 

Sward height treatments (4.6 cm, 8.0 cm and 7.9 cm for 

treatments 4-4, 4-8 and 8-8 cm respectively; sed 0.16) were 

successfully imposed. Pre-species treatments had no effect 

on sward surface height and there was no significant pre-

species x sward height interaction. 
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4.4.2.1. Sward height patchiness. 

Figures 4.6 and 4.7 show histograms of the frequency 

distribution of sward height measurements in Phase 1 and in 

Phase 2 respectively. Following the same procedure used in 

Experiment 1 (Section 3.4.2.1), comparisons between pre-

species treatments were carried out by comparing the 

proportion of measurements above 8 cm using Pearson's chi-

square (x2) 

In Phase 1, a total of 3000 sward heights were 

recorded for each pre-species (Prsp-S or Prsp-G) treatment. 

On the 4 cm treatment, 6.2% versus 4.5% of measurements on 

Prsp-G and Prsp-S treatments respectively were recorded 

above 8 cm (2=4.46;  df=l; p<O.05) . On the 8 cm treatment, 

56.7% versus 43.0% of measurements on Prsp-G and Prsp-S 

treatments respectively were above 8 cm (26•58;  df=l; 

p<0.001) . Taken together these results indicate a greater 

degree of heterogeneity in height on the goat grazed swards 

(Prsp-G). 

In Phase 2 a total of 1400 measurements of sward 

heights were made for each pre-species x sward height 

treatment and their distribution is shown in Figure 4.7. 

On treatment 4-4 cm the distribution of heights between 

Prsp-G and Prsp-S were highly significantly different with 

7.7% versus 3.7% respectively above 8 cm (X220.79; 
df=l; p<0.001) . Also, on treatment 8-8 cm the differences 

were significant: 43.0% (Prsp-G) and 39.0% (Prsp-S) of the 

heights were above 8 cm ( 2=4.80; df=l; p<0.05) . There 

were no differences between pre-species treatments on 

treatment 4-8 cm: 41.5% versus 42.3% of measurements for 

Prsp-G and Prsp-S respectively were above 8 cm ( 2=0.l7; 

df=l; ns) 
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Figure 46. Frequency distribution of sward surface height measurements (classified in 2 cm 

bands) during Phase 1. 
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4.4.2.2. Sward herbage mass. 

Figure 4.8 shows the herbage mass on each pre-species 

x sward height treatment throughout the experiment. 

In Phase 1, paddocks grazed either by goats or by 

sheep showed similar overall masses (2794 versus 2748 kg 

DM/ha respectively; sed. 83.2; ns) but obviously differed 

between the height treatments (3075 versus 2467 kg DM/ha on 

8 cm and 4 cm treatments respectively; sed. 83.2; p<0.01) 

In Phase 2, pre-species treatments in Phase 1 did not 

result in differences in herbage mass (3206 versus 3116 kg 

DM/ha on Prsp-G and on Prsp-S treatments respectively; sed. 

92.8; ns) . There were significant differences due to sward 

height treatments (2675, 3295 and 3513 kg DM/ha for 4-4 cm, 

4-8 cm and 8-8 cm treatments respectively; sed. 113.7; 

p<O.Ol) . Herbage mass increased (p<0.001) on the 4-8 cm 

treatments during Phase 2. 

4.4.3. Sward cornosition. 

Following the same procedure for reporting the results 

as in Experiment 1, the sward composition is described in 

each Phase, firstly considering the data for the whole 

sward and then for the I sward surface' . The number of 

observations used in all the tables describing the 

botanical composition (from Table 4.4 to Table 4.11) are 

two (n = 2). 
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4.4.3.1. Phase 1. 

4.4.3.1.1. Sward. 

a) Phase 1 

Table 4.4 shows the percentage of each of the five 

botanical components during Phase 1 for each sampling 

period while Figure 4.9 displays graphically the changes 

which occurred during Phase 1 in percentages of grass, 

clover and other species in the whole sward. No initial 

differences existed between treatments at the start of the 

experiment (Period 1) . Initial mean values were 68.5% live 

grass, 6.8% dead grass, 21.7% live clover, 0.2% dead 

clover, 2.7% other species and 0.1% unidentified material. 

During Phase 1, the animal species which grazed the 

swards had an effect on the way the botanical composition 

of the swards developed. By the end of Phase 1 (Period 3), 

the Prsp-G treatment had developed a significantly higher 

percentage of clover compared to the Prsp-S treatment 

(37.7% versus 18.1%; sed. 3.94; p<0.05) . This was also the 

case for live clover (which accounted for between 91% and 

99% of total clover) and dead clover (p<0.05 and p<0.01 

respectively in Period 3). On the Prsp-G treatment at the 

end of Phase 1 (Period 3), the percentages of live grass 

and of dead grass were lower than on the Prsp-S treatment 

(43.6% versus 57.5% live grass; sed. 3.08; p<0.05 and 16.6% 

versus 23.4% dead grass; sed. 2.30; p<O.l) 

Sward height treatment did not affect the percentage 

of live clover or live grass. The percentage of dead grass 

increased during the course of Phase 1 (p<0.001) 
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Table 4.4 . 
Botanical components (%DM) of the whole sward classified by pre-species treatment sheep or goats) and by 

sward height treatment (4 cm or 8 cm) in Periods 1. 2 and 3 during Phase 1. 

Animal pre-apecieB in Phase 1 

(Prsp) 

Sward height treatment 
(Height; cm) 

Sheep Goat 

4 8 4 8  

Level of significance 

sed Prsp Height Prsp x Height 

Component Period 

l(Start( 68.5 68.6 68.7 68.2 
52.1 

1.00 
5.90 

ns 
Os 

ns 
ns 

ns 
ns 

Live grass 2 57.6 62.7 
60.6 

54.5 
45.7 41.5 4.36 ns ns 

3 54.3 

H 
6.4 6.9 6.4 7.3 0.53 ns ns ns  

I(Start) 
13.0 13 .7 13.9 1.18 

Dead grass 2 24.5 
17.9 16.2 17.0 3.25 p=0,059 Os ns 

28 9 

I(Start) 21.9 21.7 22.1 
28. 1 

21.3 
27.5 

0.88 
4.57 

ns 
p=0.070 

ns 
ns 

ns 
ns  

Live clover 2 15.9 
15.0 

21 .8 
19.4 35.2 35 4 5.34 • ns ns 

3 

0.2 0.2 0.2 0.2 0.02 Os ns ns 
ns I(Starr) 

1.2 3.0 0.43 

Dead clover 2 0.6 1.2 
1.0 1.6 3.1 0.34 ns 

3 0.8 

2.4 2.6 3.0 0.34 ns ns ns 

I(Start) 2.7 
2.3 3.4 0.48 • 05 ns 

Other pec:I s 2 1.2 1.2 
0.9 1.3 2.8 0.85 ns ns ns 

3 1.1 



Figure 4.9. Dry matter percentage values of grass (live 

+ dead), clover (live + dead) and other species in the 

whole sward of the 4 cm and 8 cm sward height treatments 

grazed by sheep (Prsp-S) or goats (Prsp-G) on three 

occassions in phase 1 (Periods 1, 2 and 3). 
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This increase was greatest on the Prsp-S: 4 cm treatment 

such that by Period 2 it had the highest percentage of dead 

grass (pre-species x sward height interaction, p<O.Ol) and 

this trend was still evident in Period 3 at the end of 

Phase 1 (see Table 4.4) . Finally, percentages of dead 

clover were higher on the 8 cm height treatment than on the 

4 cm height treatment (p<0.05 in Periods 2 and 3 

respectively) 

Figures 4.10 and 4.11 describe the vertical 

distribution of live and dead grass and clover 

respectively grouped by horizon, pre-species and sward 

height treatments while Tables 4.5 and 4.6 show the overall 

amounts of the five botanical components of the sward 

classified by horizon, by pre-species and sward height 

treatment in Period 1 and in Periods 2 and 3 respectively. 

During Phase 1, there were significant differences in 

amounts of clover and of grass in each horizon: 495 (0-2 

cm) , 115 (2-4 cm) , 51 (4-6 cm) and 59 (>6 cm) kg clover 

DM/ha (sed. 13.3; p<O.00l) in Period 2, 520 (0-2 cm), 133 

(2-4 cm), 65 (4-6 cm) and 70 (>6 cm) kg clover DM/ha (sed. 

13.7; p<0.001) in Period 3, 1474 (0-2 cm), 264 (2-4 cm), 

135 (4-6 cm) and 183 (>6 cm) kg grass DM/ha (sed. 14.1; 

p<O.00l) in Period 2 and 1456 (0-2 cm), 234 (2-4 cm), 116 

(4-6 cm) and 175 (>6 cm) kg grass DM/ha (sed. 14.2; 

p<0.001) in Period 3. In addition the amounts of live 

grass, dead grass, live clover, dead clover and other 

species all showed significant differences between horizons 

in both sampling periods (p<0.001). In Phase 1 throughout 

all horizons, clover (p<O.O0l), live clover (p<O.00l), dead 

clover (p<0.001) and dead grass amounts (p<O.001) increased 

whereas in most of the horizons (0-2 cm, 2-4 cm and 4-6 cm 

horizons) live grass decreased (p<O.00l) 
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species: sheep (Prsp-S) and goat (Prsp-G) during 

Phase 1 (Periods 1, 2 and 3) . 
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Table 4. 5. Botanical components (kg/ha/horizon) of the whole sward grouped by pre-species treatment (sheep and goats), 
by sward height treatment (4 cm or B cm) and by horizon (0-2 cm, 2-4 cm, 4-6 cm and >6 cm) in Period 1 at the start of 

Phase 1. 

Animal pre-species in Phase 1 
(Prsp) 

Sward height treatment (cm) 
(Height) 

Sheep Goat 

4 B 4 8 sed 
Level of significance 

Component Horizon (cm) 
(H) 

Live grass 0-2 
2-4 

t'J 4-6 

0 

Dead grass 0-2 
2-4 
4-6 
>6 

Live clover 0-2 
2-4 
4-6 
>6 

Dead clover 0-2 
2-4 
4-6 
>6 

Other 0-2 
species 2-4 

4-6 
>6 

1334 1315 1400 1324 
259 272 289 279 39.0 
104 154 145 112 H 
74 71 84 60 

156 170 174 179 

8 7 7 7 7.3 
1 1 1 3 
1 0 1 1 

316 314 308 308 
128 131 142 130 14.1 
69 74 113 67 

54 55 52 49 

5 4 5 4 

0 0 0 0 3.4 
0 0 0 0 
0 0 0 0 

60 53 70 59 
3 5 3 7 4.1 H", 
6 4 1 10 Height x H 
1 1 0 2 

)'- sed. of means of the interaction PrSp x Height x H) 



Table 4.6 Botanical components (kg/ha/horizon) of the whole sward grouped by pre-species treatment (sheep or goats) . by sward height treatment (4 
or 8 cm) and by horizon (0-2 cm. 2-4 cm. 4-6 cm and >6 cmi in Periods 2 and 3 during Phase I. (- ted, of means of interaction Prep x Height x H). 
rc-epeciee(Prsp) Sheep Coat 

Level of significance 
award height treatment Height; cm) 4 8 4 8 sed 

Component Period Horizon (H; cm) 
0-2 1100 1038 1084 1107 Heigh....... 

2 2-4 121 320 152 326 54.9 Prsp x H 
4-6 41 207 47 201 Height x H 

15 449 15 221 Prsp x Height x H 
Live cras' 

0-2 1189 1043 880 781 Prsp . Height 1 , H 
3 2-4 99 317 141 222 47.8 Prsp x Height (p0.055), 

4-6 20 211 41 127 Prsp x H Height x H 
16 11 492 20 130 Prsp x Height x H 

0-2 509 335 310 415 Prsp x Height  
2 2-4 30 43 IS 49 20.9 Prsp x H 

4-6 7 18 2 17 Height x H )pr0.057). 
>6 0 19 1 10 Prsp x Height x II 

Dead grass 
0-2 671 471 365 425 Prsp , H 

3 2-4 21 69 15 54 27.0 Prsp x H 

to 4-6 3 42 3 18 Height x H 
'6 2 27 1 17 Prsp x Height x H 

- 0-2 336 434 555 498 Prsp . . Heigh........ 
2-4 17 149 92 187 43 I Prsp x H 
4-6 3 67? 37 112 Height x H )p'O 069), 

1 47 6 178 Prsp e Height x H 
:v ci'." 

0-2 351 334 675 570 Prsp ip=O 019i. 
2-4 14 129 133 236 80 6 H 

4-6 2 93 28 128 Prsp x H 

'6 0 105 17 150 Height x H 

-- 0-2 13 33 26 87 Prsp - Height , H 
2-4 0 4 2 11 5 8 Prsp x Height 1 . Prsp x H 
3-6 0 1 0 7 Height x II 

16 0 1 0 4 Prsp x Height x H 

0-2 
 

18 26 32 74 Prsp . Height , H 

3 2-4 0 5 3 10 5.0 Prsp x H 

4-f 0 3 1 4 Height x H 

16 0 1 2 6 Prsp x Height x i-i 

0-2 26 29 42 55 Prsp 

2 24 2 6 6 21 8.9 Height 

4-6 0 2 4 10 Prsp ii Height 
>6 0 I 3 35 . 

Olhr- r 0"i2', 
0-2 24 24 22 47 

3 2-4 3 4 4 16 105 

4-6 0 2 2 9 

'6 0 3 2 18 



At the end of Phase 1 (Period 3), within horizon there 

was more clover on the Prsp-G treatment than on the Prsp-S 

treatment: 675 versus 364 (0-2 cm) kg clover DM/ha, 191 

versus 74 (2-4 cm) kg clover DM/ha, 80 versus 49 (4-6 cm) 

kg clover DM/ha and 87 versus 53 (>6 cm) kg clover DM/ha 

(sed. 40.4; p<O.l). Conversely, sheep-grazed paddocks 

(Prsp-S) had more grass than goat-grazed paddocks (Prsp-G): 

1687 versus 1225 (0-2 cm) kg grass DM/ha, 253 versus 216 

(2-4 cm) kg grass DM/ha, 138 versus 94 (4-6 cm) kg grass 

DM/ha and 266 versus 84 (>6 cm) kg grass DM/ha (sed. 41.6; 

p<0.001) . Also by the end of Phase 1, clover masses were 

greater on the 8 cm than on the 4 cm height treatment in 

the 2-4 cm horizon (190 versus 75 kg clover DM/ha) , in the 

4-6 cm horizon (114 versus 15 kg clover DM/ha) and in the 

>6 cm horizon (131 versus 9 kg clover DM/ha) but not in the 

0-2 cm horizon (502 versus 538 kg clover DM/ha; sed. 40.4; 

ns). Grass amounts showed a significant difference between 

the 8 cm and 4 cm height treatments with more grass in the 

taller horizons as would be expected: 331 versus 138 (2-4 

cm horizon) kg grass DM/ha, 199 versus 34 (4-6 cm horizon) 

kg grass DM/ha and 333 versus 17 (>6 cm) kg grass DM/ha but 

not in the 0-2 cm horizon as there were 1360 versus 1552 kg 

grass DM/ha (overall sed. 41.6; p<0.01) 

There was a highly significant interaction between 

pre-species x horizon x sampling period on the amounts of 

clover. On the Prsp-S treatment the clover decreased 

between the start of the experiment (Period 1) and Periods 

2 and 3 on the 2-4 cm (129.3 versus 85.2 and 73.9 kg 

DM/ha), 4-6 cm (71.1 versus 35.2 and 49.1 kg DM/ha) and >6 

cm horizons (54.4 versus 24.0 and 52.7 kg clover DM/ha) but 

not on the 0-2 cm horizon (319.4 versus 408.1 and 364.5 kg 

clover DM/ha; Periods 1, 2 and 3 respectively) while on the 

Prsp-G treatment, the total clover increased on the 0-2 cm 

(312.3 versus 582.8 and 675.3 kg clover DM/ha), on the 2-4 

cm (136.1 versus 145.4 and 191.7 kg clover DM/ha) and on 
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the >6 cm horizon (51.0 versus 93.7 and 87.6 kg clover 

DM/ha) but not on the 4-6 cm (90.2 versus 67.6 and 80.2 kg 

clover DM/ha; Periods 1, 2 and 3 respectively) (overall sed. 

38.60; p<O.O0l). This interaction was also significant for 

the amounts of live grass (p<0.001), dead grass (p<0.001), 

live clover (p<O.Ol) and dead clover (p<O.00l) 

4.4.3.1.2. Sward surface. 

Table 4.7 describes the percentages of the five major 

botanical components on the 'sward surface' in each 

sampling period during Phase 1. Figure 4.12 displays the 

percentages of grass, clover and other species on the sward 

surface of each pre-species x sward height treatment 

combination through each sampling period during Phase 1. 

While percentage of clover in the Prsp-S treatment 

decreased through Phase 1: 38.1% (Period 1), 17.9% (Period 

2) and 17.8% (Period 3), it increased on the Prsp-G 

treatment: 35.3% (Period 1), 33.3% (Period 2) and 43.0% 

(Period 3; sed. 3.82; p<0.001). Also, there were similar 

significant changes in percentage of live clover (p<0.001) 

while percentages of live grass showed the opposite changes 

(p<0.05) . Whereas the Prsp-G treatment showed an increase 

in percentage dead clover from Period 1 to Period 2 (0.1% 

versus 1.3%; sed. 0.31; p<O.00l), percentages of dead grass 

increased significantly during Phase 1 (p<O.05) both on the 

Prsp-S and on Prsp-G treatments and to a greater extent on 

the Prsp-S treatment. 
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Table 4 .7 
Botanical components (% DM) of the sward surface classified by pre-species treatment. (sheep 

or goats) and 

by sward height treatment (4 cm or 8 cm) in Periods 1, 2 and 3 during Phase 1, 

Animal pre-species in Phase 1 Sheep Goat Level of significance 

(Prsp) 

Sward height treatment 4 8 4 8 sed Prsp Height Prsp x Height 

(Height; cm) 

'J Component period 

i)Sta rt) 57.7 61.7 64.2 57.3 

55.3 

2.81 
7,92 

ns ns 
ns 

ns 
ns 

iv gr 2 62 . 3 70 .0 
9 0 

55 4 
41.6 42.0 5.34 ns ns 

59 0 

0.6 0.9 2.8 1.3 0.98 ns ns ns 
iCSar') 

7.4 11.0 6.2 1.25 * 

Dead grass 2 22.4 
25.6 9.0 10.3 9.2 4.64 ns ns ns 

Start.' 40.2 35.9 31.7 38.6 
33,7 

4.40 
6.76 

ns 
p=0.056 

ns 
ns 

ns 
ns  

Live clover 2 13.7 
13.6 

21 . 1 
20.9 

30.1 
39.4 43.6 4.91 ns ns 

3 

1(St.rt 0.0 0.0 0.1 
1.0 

0.2 
1,7 

0.03 
0.45 ns ns ns 

Dead clover 2 0.4 0.6 
0.5 1.2 1.8 0.62 ns ns ns  

3 0.6 

1.1 1.2 1.2 2.4 1.14 ns ns ns 
* 1(Start) 

1.0 0.8 2.4 5.0 0.59 ns 

Other species 2 
1.2 0.5 1.5 3.4 0.87 ns ns ns 
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Figure 4.12. Dry matter percentage values of grass (live 

+ dead), clover (live + dead) and other species on the 

'sward surface' of the 4 cm and 8 cm sward height 

treatments grazed by sheep (Prsp-S) or goats (PrspG) on 

three occassiOflS in Phase i (Periods 1, 2 and 3). 

Period - - Period - Period 

1 2 3 

sward height treatment (cm) 

L1J other species M clover M grass 

225 



Sward height treatments had no significant effects on 

live grass or live clover although percentages of dead 

grass increased dramatically between Periods 1 to 2 both on 

the 4 cm and on the 8 cm height treatments, particularly on 

the 4 cm height treatment (1.7% versus 16.7%; sed. 1.83; 

p<O.00l) such that the pre-species x sward height treatment 

interaction was significant (p<0.05) in Period 2. 

4.4.3.2. Phase 2. 

4.4.3.2.1. Sward. 

The percentage of the five botanical components 

through all sampling periods (Periods 4, 5 and 6) during 

Phase 2, are given in Table 4.8. 

Initially in Period 4, the Prsp-G treatment (plots 

previously grazed by goats) had higher percentages of 

clover (37.5% versus 23.8%; sed. 1.19; p<O.00l), live 

clover (35.1% versus 23.0%; sed. 1.18; p<0.001) , dead 

clover (2.3% versus 0.8%; sed. 0.17; p<0.001) and other 

species (2.4% versus 0.9%; sed. 0.43; p<0.001) but lower 

percentages of grass (60.1% versus 75.2%; sed. 1.31; 

p<0.001), live grass (44.1% versus 56.5%; sed. 0.93; 

p<0.001) and of dead grass (16.0 versus 18.7%; sed. 0.67; 

p<O.Ol) than the Prsp-S treatment (plots previously grazed 

by sheep). 
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Table 4 8 Botanical components (% DM) of the whole sward classified by pre-species treatment (sheep or goats) and by 

sward height treatment (4-4 cm. 4-8 cm and 8-8 cm) in Periods 4, 5 and 6 during Phase 2. 

Animal pre-species in Phase 1 Sheep Goat Level of significance 

(Prsp) 

Sward height treatment 4-4 4-8 8-8 4-4 4-8 8-8 sed Prsp Height Prsp x Height 

(Height; cm) 

Component period 

4(Start( 57.4 53.6 58.5 

Live grass 5 58.2 62.5 56.8 

6 57.3 57.4 57.0 

4(Start) 23.4 9.9 22.7 

Dead grass 5 25.0 10.1 23.8 

6 26.8 27.3 33.9 

4(Start) 17.3 34.9 16.9 

Live clover 5 15.2 24.6 17.3 

6 13.7 13.5 7.1 

4(Start) 0.7 0.7 1.0 

Dead clover 5 0.5 1.4 0.8 

6 1.0 0.9 0.8 

4(Start) 1.1 0.8 0.9 

Other species 5 1.1 1.4 1.3 

6 1.2 0.9 1.3 

454 42.9 44.1 1.61 p0.066 ns 

51.9 52.2 52.9 3.52 ns  ns 
44.7 55.8 53.6 2.60 ' pr0.079 pr0.077 

17.4 11.9 18,7 1.18 

18.6 14.3 21.5 4.15 ns • ns 
33.0 22.6 27.5 3.01 ns ns pr0.060 

32.7 41.0 31.6 2.05 

27.3 30.1 21.7 4.23 ns ns 

19.1 18.3 15.2 2.31 ' ns 

1.7 2.4 2.9 0.30 ns 

1.3 2.6 2.1 0.39 • ns 

0.9 2.2 1.3 0.32 ns p=O.OSS 

2.8 1.7 2.7 0.74 ns ns 

0.9 0.7 1.8 0.85 ns ns ns 

2.3 1.2 2.5 0.91 ns ns ns 



Also between sward height treatments, the 4-8 cm 

sward height treatment in contrast to the 4-4 cm and the 8-

8 cm sward height treatments respectively had a higher 

percentage of clover (39.5% versus 26.2% and 26.2%; sed. 

1.46; p<O.00l) and live clover (38.0% versus 25.0% and 

24.2%; sed. 1.45; p<0.001) but lower percentages of grass 

(59.2% versus 71.8% and 72.0%; sed. 1.61; p<0.001), live 

grass (48.3% versus 51.4% and 51.3%; sed. 1.13; p<O.l) and 

dead grass (10.9% versus 20.4% and 20.7%; sed. 0.83; 

p<O.00l) . Percentages of dead clover also varied between 

sward height treatments with the 8-8 cm height treatment 

having the highest value (2.0% versus 1.2% and 1.5% for the 

8-8 cm, 4-4 and the 4-8 cm height treatments respectively; 

sed. 0.21; P<0.05) . The interaction between pre-species x 

sward height treatment was significant for the percentage 

of clover (p<O.OS), live clover (p<0.05), grass (p<0.05) 

and dead grass (p<0.05) with the Prsp-G:4-8 cm treatment 

combination having the highest percentage of clover and the 

Prsp-S:4-4 cm and Prsp-S:8-8 cm treatments having the 

lowest values. 

From Period 4, percentages of clover decreased 

significantly during Phase 2: 30.7% (Period 4), 24.2% 

(Period 5) and 15.7% (Period 6; sed. 1.01; p<O.00l) . Also 

there were decreases in the percentages of live clover 

(29.1%-Period 4, 22.7%-Period 5 and 14.5%-Period 6; sed. 

0.98; p<0.001) and of dead clover (1.6%-Period 4, 1.5% - 

Period 5 and 1.2%-Period 6; sed. 0.15; p<0.1) . Conversely, 

percentages of dead grass increased from Period 5 to Period 

6 (from 18.9% to 28.5%; sed. 1.12; p<O.00l) while 

percentage of live grass increased from Period 4 to Period 

5 (from 50.3% to 55.8%; sed. 1.29; p<0.01). 

Figure 4.13 shows the changes in percentages of grass, 

clover and other species grouped by pre-species and sward 

height treatments during Phase 2. 
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Figure 4.13. Dry matter percentage values of grass (live 

+ dead), clover (live + dead) and other species in the 
whole sward of the 4-4 cm, 4-8 cm and 8-8 cm sward height 

treatments grazed by weaned lambs in Phase 2 (Periods 4, 

5 and 6) after have been grazed by sheep (Prsp-S) or goats 

(Prsp-G) in Phase 1. 

Period 4 Period 5 Period 6 

448 448 448 448 448 448 

488 488 488 488 488 488 

sward height treatment (cm) 

] other species M clover M grass 
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Decreases of percentages of clover through Phase 2 were 

greater on the Prsp-G treatment: 37.5% (Period 4), 28.4% 

(Period 5) and 19.0% (Period 6) than on the Prsp-S 

treatment: 23.8% (Period 4), 19.9% (Period 5) and 12.4% 

(Period 6; sed. 2.40; p<0.05), although at the end of Phase 

2 the Prsp-G treatment still had a higher percentage of 

clover than the Prsp-S treatment (p<O.Ol) . Percentage live 

clover showed similar decreases (p<0.05) whereas percentage 

of dead clover mainly decreased between Periods 5 and 6 on 

Prsp-G treatment (from 2.0% to 1.5%; sed. 0.19; p<O.OS) 

Increases in percentage of live grass occurred on both pre-

species treatments (with larger increases on the Prsp-G 

treatment) between Periods 4 and 5 (p=O.053) although by 

Period 6, the Prsp-S treatment still had a higher 

percentage value than the Prsp-G treatment (57.2% versus 

51.4%; sed. 1.61; p<O.ol). 

Sward height treatments also affected the percentage 

of clover and changes in percentage of clover in Phase 2. 

Clover percentage values were 26.2% (Period 4), 22.1% 

(Period 5) and 17.4% (Period 6) on the 4-4 cm height 

treatment, 39.5% (Period 4), 29.4% (Period 5) and 17.5% 

(Period 6) on the 4-8 cm height treatment, and 26.2% 

(Period 4), 20.9% (Period 5) and 12.2% (Period 6) on the 8-

8 cm height treatment (sed. 2.21; p<O.Ol) . Similar changes 

occurred in the percentages of live clover (p<0.01) while 

the largest decrease in percentage of dead clover occurred 

on the 8-8 cm height treatment during Phase 2 (2.0%-Period 

4, 1.5%-Period 5 and 1.0%-Period 6; sed. 0.23; p<0.05) 

Furthermore, there was an interaction (p<0.05) between 

pre-species and sward height treatments in change in 

percentage of dead grass by Period 6; the 8-8 cm height 

treatment had a higher percentage of dead grass in those 

plots previously grazed by sheep (Prsp-S; 33.9%) than in 

those previously grazed by goats (27.5%; sed. 3.17; p<O.Ol) 
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but conversely on the 4-4 cm height treatment, a higher 

percentage occurred when the plots had been previously 

grazed by goats (Prsp-G; 33.0%) than previously grazed by 

sheep (Prsp-S; 26.8%; ns) 

Table 4.9 contains the masses of the botanical 

components at the start of Phase 2 (Period 4) and Table 

4.10 shows the botanical components in Periods 5 and 6. 

Figures 4.14 and 4.15 show the vertical distribution of the 

masses of live and dead grass and clover respectively 

through Phase 2 (Periods 4, 5 and 6). Overall, in Phase 2 

as the height above ground level of the horizon increased, 

the mass of clover (456, 126, 69 and 61 kg DM/ha; sed 9.5; 

p<0.001) and of grass (1759, 314, 155 and 175 kg DM/ha; 

sed. 33.7; p<0.001) decreased. But from Period 4 to Period 

6, across all the horizons there was a decrease in clover 

masses: -103.6, -57.9, -48.9 and -52.0 kg DM/ha in the 0-2 

cm, 2-4 cm, 4-6 cm and >6 cm horizons respectively (sed. 

16.53; p<O.OS) . The same occurred with live clover mass 

(p<0.05) while dead clover mass did not change 

significantly. The reverse was true for live grass 

(p<0. 001) and dead grass masses (p<0.001) in all horizons. 

In comparing the pre-species treatments within horizon 

during Phase 2, there were greater amounts of clover in all 

horizons on the Prsp-G treatment compared to the Prsp-5 

treatment in Period 4 (sed. 26.38; p<O.00l)  617.0 versus 

412.4 (0-2 cm) kg clover DM/ha, 194.7 versus 112.3 (2-4 

cm) kg clover DM/ha, 117.5 versus 65.1 (4-6 cm) kg clover 

DM/ha and 102.3 versus 46.2 (>6 cm) kg clover DM/ha; in 

Period 5 (sed. 24.90; p<0.05): 500.3 versus 384.2 (0-2 cm) 

kg clover DM/ha, 164.5 versus 94.3 (2-4 cm) kg clover 

DM/ha, 86.7 versus 57.9 (4-6 cm) kg clover DM/ha and 134.7 

versus 38.6 (>6 cm) kg clover DM/ha; and also in Period 6 

(sed. 22.22; p<0.001) : 489.6 versus 332.7 (0-2 cm) kg 

clover DM/ha, 118.2 versus 73.0 (2-4 cm) kg clover DM/ha, 
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55.5 versus 29.2 (4-6 cm) kg clover DM/ha and 32.7 versus 

11.7 (>6 cm) kg clover DM/ha. Masses of live clover 

(overall p<0.001) and of dead clover (overall p<0.001) 

followed similar patterns. Masses of grass mainly differed 

in the basal horizon (0-2 cm; p<0.001) where the Prsp-S 

treatment had higher masses that the Prsp-G treatment in 

Period 4 (1471 versus 1222 kg grass DM/ha; sed. 31.1), 

in Period 5 (2348 versus 1269 kg grass DM/ha; sed. 93.9) 

and in Period 6 (2378 versus 2187 kg grass DM/ha; sed. 

98.8) 

Throughout Phase 2, the 4-8 cm sward height treatment 

had more clover than the 4-4 cm and 8-8 cm height 

treatments (p<0.001) in Period 4 (sed. 32.31, p<0.05) 

536.1 versus 515.9 and 492.1 (0-2 cm) kg clover DM/ha, 

233.7 versus 52.8 and 174.0 (2-4 cm) kg clover DM/ha, 145.4 

versus 11.4 and 117.0 (4-6 cm) kg clover DM/ha, and 117.5 

versus 0.8 and 104.3 (>6 cm) kg clover DM/ha; in Period 5 

(sed. 30.49; p<O.Ol) : 454.1 versus 466.2 and 406.4 (0-2 cm) 

kg clover DM/ha, 203.6 versus 60.5 and 124.2 (2-4 cm) kg 

clover DM/ha, 148.7 versus 12.3 and 55.8 (4-6 cm) kg clover 

DM/ha and 167.5 versus 4.5 and 88.0 (>6 cm) kg clover 

DM/ha; and in Period 6 (sed. 27.22; p<O.00l): 423.9 versus 

515.4 and 294.1 (0-2 cm) kg clover DM/ha, 162.0 versus 30.4 

and 94.4 (2-4 cm) kg clover DM/ha, 78.1 versus 7.9 and 41.1 

(4-6 cm) kg clover DM/ha and 25.7 versus 3.6 and 37.3 (>6 

cm) kg clover DM/ha. As expected the 8-8 cm sward height 

treatment had more grass than the 4-8 cm and the 4-4 cm 

sward height treatments in all horizons (overall p<0.001). 

From Periods 4 to 6, the 4-8 cm and 8-8 cm sward height 

treatments had significant decreases in the masses of live 

clover (p<0.05) in all horizons but particularly in the top 

horizon (>6 cm) while plots with the 4-4 cm sward height 

treatment only showed a non-significant decrease in the 2-4 

cm horizon. 
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Table 4 .9 Botanical components (kg/ha/horzon of :he whole sward grouped by pre-species treatment (sheep and goats), 
by sward height treatment (4-4 cm, 4-8 cm and ?-P c and by horizon (0-2 cm, 2-4 cm, 4-6 cm and >6 cm) in Period 4 at 
the start of Phase 2. 

Pre-species (Prsp( Sheep Goat 
Level of significance 

Sward height treatment 4-4 4-8 8-6 4-4 4-8 8-8 sed 
(Height; cm) 

Component Horizon (cm) 
(H) 

Live grass 0-2 
2-4 
4-6 

tj >6 

Dead grass 0-2 
2-4 
4-6 
>6 

Live clover 0-2 
2-4 
4-6 
>6 

Dead clover 0-2 
2-4 
4-6 
>6 

Other Species 0-2 
2-4 
4-6 

>6 

1102 850 1155 901 655 888 Prsp Height ", H  

89 235 327 102 194 245 45.5 Prsp x Height '•, 
20 120 210 24 133 153 Prsp x H " Height x H  

4 103 455 5 185 142 Prsp x Height x H 

478 216 610 380 298 545 Prsp , Height *, H  

14 16 96 11 16 34 16.4 Prsp x Height 
3 5 51 1 5 20 Height x H * 

1 3 75 1 2 8 Prsp x Height x H 

342 496 349 646 516 553 Prsp Height ", H  

21 200 108 81 255 223 43.3 Prsp x H 
3 98 91 15 189 126 Height x H 
0 60 73 1 171 120 Prsp x Height . x H 

13 12 26 30 48 57 Prsp 
0 1 6 3 11 1.1 4.6 Height 
0 0 4 5 4 13 
1 2 2 0 2 13 Prsp xH" 

22 17 21 53 28 50 Prsp 
1 3 5 8 9 19 6.8 H"', 
1 1 2 1 6 11 Prsp xH', 
0 0 4 0 7 8 Height x H (p=0.067) 

(- sed. of means of the interaction Prsp x Height x H) 



Table 4.10- Botanical components (kg/ha/horizon) of the whole award grouped by pre-species treatment (sheep or goats), by sward height treatment 
(4-4 cm, 4-8 cm and 8-8 cm) and by horizon (0-2 cm, 2-4 cm, 4-6 cm and >6 cm) in Periods 5 and 6 during Phase 2. 
Pre-specie. (Prsp) Sheep Coat 

Level of significance 
Sward height treatment (Height; Cm) 44 48 88 4-4 4-8 8-8 sed' 
Component Period Horizon (H; cm) 

0-2 1559 1094 1136 880 1068 1061 H Prsp x Height 
5 2-4 183 357 232 147 344 335 79,0 Prsp x H 

4-6 48 200 102 59 210 199 Height x H 
>6 14 150 93 47 310 310 Prsp x Height x H 

L;-. grass 
0-2 1416 1489 1483 1282 1255 1189 

5 2-4 195 446 427 161 510 399 99 3 Height - 

4-6 70 207 208 43 246 220 H 
'6 25 137 210 27 252 183 Prsp x H - 

0-2 88 272 498 389 477 658 
5 2-4 12 13 51 9 29 78 94.8 H 

4-6 1 4 37 1 12 28 Prsp x Height x H 
'6 0 1 70 0 15 14 

Dead grass 
02 777 1007 964 1112 799 923 

6 2-4 15 51 123 19 71 60 107 9 Prsp s Height )p0.076), 
t\) 4-6 4 21 66 2 34 21 H 

>6 2 10 245 3 36 is 
'p. 

0-2 418 312 354 474 503 406 Prsp Height 
5 2-4 40 153 83 78 229 143 40 8 H 

4-6 5 140 27 19 148 75 Prsp x -4 )p'0060), 
'6 0 103 12 9 221 150 Height x H * 

Live clover 
0-2 360 349 206 614 423 329 Prsp . Heigh 

6 2-4 32 118 59 24 180 119 35.9 Prsp x H 
4-6 11 52 20 5 91 56 Height x H 
>6 3 22 5 3 19 61 Prsp x Height x H 

0-2 15 34 20 26 59 33 Prsp 
S 2-4 0 6 1 3 20 21 7 . 8 Height 

4-6 0 1 1 0 8 9 H. 
'6 0 0 0 0 10 14 Height x H p'0.0781 

Dead clover 
0-2 31 28 24 26 47 30 Prsp 

5 2-4 1 7 3 4 19 9 4 6 Height 
4-6 0 1 3 0 12 3 Prsp x Height 
>6 0 2 3 1 B 6 H' 

0-2 36 28 29 17 12 48 

5 2-4 1 7 5 2 4 7 10  
4-6 0 4 1 1 2 7 
'6 0 ( 1 0 8 3 

Other Species 
0-2 33 29 31 75 29 60 

5 2-4 3 5 22 3 9 9 139 
4-6 0 1 

0 
4 
0 

2 4 
0 

8 
is 

Prsp x H p0,0871 

set) of means of the Interaction Prsp x Height x H) 
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Figure 4.14 Live and dead grass vertical 

distribution (kg/ha/horizon) within the sward 

grouped by horizon: 0-2, 2-4, 4-6 and >6 cm, by 

sward height treatment: a) 4-4 cm, b) 4-8 cm and 

c) 8-8 cm, by pre-species: sheep (Prsp-S) and goat 

(Prsp-G) and by sampling period (Periods 4, 5 and 

6) during Phase 2. 



a) 4-4 cm height treatment 
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Figure 4.15 Live and dead clover vertical 

distribution (kg/ha/horizon) within the sward 

grouped by horizon: 0-2, 2-4, 4-6 and >6 cm, by 

sward height treatment: a) 4-4 cm, b) 4-8 cm and 

C) 8-8 cm, by pre-species: sheep (Prsp-S) and goat 

(Prsp-G) and by sampling period (Periods 4, 5 and 

6) during Phase 2. 
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Overall, the treatment combination Prsp-G:4-8 cm had 

more clover mass than any treatment combination in the 2-4 

cm, 4-6 cm and >6 cm horizons (interaction pre-species x 

sward height category x horizon was p<0.01) across all 

sampling periods (Periods 4, 5 and 6) during Phase 2 (see 

Figure 4.15). 

4.4.3.2.2. Sward surface. 

Table 4.11 shows the percentages of the botanical 

components in the sward surface in each sampling period 

during Phase 2. Initially in Period 4, in the sward 

surface, the Prsp-G treatment had higher percentages of 

clover (43.8% versus 25.6%; sed. 1.32; p<O.00l) , live 

clover (41.7% versus 25.0%; sed. 1.36; p<0.001), dead 

clover (2.1% versus 0.6%; sed. 0.23; p<O.Ol) and other 

species (2.8% versus 0.6%; sed. 0.77; p<O.OS)  but lower 

percentages of live grass (47.1% versus 61.6%; sed. 1.43; 

p<0.001) and dead grass (6.2% versus 12.1%; sed. 1.40; 

p<O.Ol) than the Prsp-S treatment. The 4-8 cm height 

treatment had higher percentages of clover (47.1% versus 

26.8% and 30.4%; sed. 1.62; p<0.001) and live clover (46.2% 

versus 25.7% and 28.2%; sed. 1.66; p<O.00l) but lower 

percentages of live grass (50.0% versus 55.0% and 58.2%; 

sed. 1.75; p<0.05) and dead grass (2.0% versus 15.9% and 

9.6%; sed. 1.40; p<0.001) than the 4-4 cm and 8-8 cm 

treatments. The 8-8 cm sward height treatment recorded the 

highest percentage dead clover (2.1% versus 1.1% and 0.8% 

on the 8-8 cm, 4-4 cm and 4-8 cm sward height treatments 

respectively; sed. 0.28; p<0.05) 
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Table 4 .11. Botanical components (% DM) of the sward surface classified by pre-species treatment Isheep or goats) and 
by sward height treatment (4-4 cm, 4-8 cm or 8-8 cm) in Periods 4, 5 and 6 during Phase 2. 

Pro-species )Prsp) Sheep Goat Level of significance 

Sward height treatment 4-4 4-8 8-8 4-4 4-8 8-8 sed Prsp Height Prsp x Height 
(Height; cm) 

Component Period 

4(Start) 61.6 54.5 68.8 
00 

Live grass 5 63.3 59.4 60.3 
6 73.1 75.5 52.5 

4(Start) 20.1 2.6 13.6 

Dead grass 5 20.0 1.6 20.0 

6 12.9 6.9 42 6 

4(Start) 16.8 41.9 164 

Live clover 5 15.4 37 4 18.1 

6 12.5 16.5 3.2 

4(Start) 0.5 0.6 0.7 

Dead clover 5 0.4 0.5 0.4 

6 0.6 0.9 0.9 

4(Start) 0.9 0.4 0.6 

Other species 5 0.9 1.0 1.1 

6 0.8 0.2 0.8 

48.4 45.4 47.6 2.47 
57.6 55.1 60.2 5.38 ns ns ns 
59.8 69.3 68.2 4.06 i's 

11.7 1.4 5.6 2.42 ns 
11.3 3.0 7.7 3.66  ns 
21.6 9.1 7.1 3.48 

34.5 50.6 40.0 2.35 
29.1 38.6 27.9 6.08 p0 066 ns 
15.4 17.5 19.7 3.12 * ns 

1.7 1.0 3.6 0.40 
1.2 2.1 3.0 0.63 ns ns 
1.2 3.1 1.4 0.89 p=0.081 ns ns 

3.7 1.5 3.2 1.33 ns ns 
0.8 1.1 1.2 0.88 ns ns ns 
1.9 0.9 3.6 1.10 pr0.062 ns ns 



Also in Period 4, the Prsp-G and Prsp-S treatments had 

higher percentages of clover (p<0.01) and of live clover 

(p<0.05) on the 4-8 cm height treatment than on the 4-4 cm 

and 8-8 cm height treatments. Furthermore, the Prsp-G:8-8 

cm treatment had the highest percentage of dead clover 

(p<0.05) and the treatment combinations Prsp-S:4---4 cm and 

Prsp-S:8-8 cm reported the highest percentages of live 

grass (p<0.05) 

Figure 4.16 shows the changes throughout Phase 2 in 

the percentages of grass, clover and other species grouped 

by pre-species and sward height treatments. During Phase 

2, percentages of clover decreased (34.7%, 29.0% and 15.5% 

in Periods 4, 5 and 6 respectively; sed. 1.51; p<0.001) as 

did the percentages of live clover (33.4%, 27.8% and 14.1% 

in Periods 4, 5 and 6 respectively; sed. 1.55; p<O.00l) 

whereas percentages of live grass (54.4%, 59.3% and 59.6% 

in Periods 4, 5 and 6 respectively; sed. 1.81; p<O.00l) and 

percentages of dead grass (9.2%, 10.6% and 16.7% in Periods 

4, 5 and 6 respectively; sed. 1.44; p<0.001) increased. 

Between periods, percentages of clover decreased on 

both the Prsp-G treatment (43.8%, 34.0% and 19.5% in 

Periods 4, 5 and 6 respectively) and on the Prsp-S 

treatment (25.6%, 24.1% and 11.5% in Periods 4, 5 and 6 

respectively; sed. 2.31; p<0.001). Changes in percentages 

of live clover followed a similar pattern (p<0.05). 

Consequently, the Prsp-G treatment had higher percentages 

of clover than the Prsp-S treatment in Period 5 (34.0% 

versus 24.1%; sed. 3.26; p<0.05) and in Period 6 (31.9% 

versus 23.6%; sed. 3.51; p<0.1). 
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Figure 4.16. Dry matter percentage values of grass (live 

+ dead), clover (live + dead) and other species on the 

'sward surface' of the 4-4 cm, 4-8 cm and 8-8 cm sward 

height treatments grazed by weaned lambs in Phase 2 

(Periods 4, 5 and 6) after have been grazed by sheep (Prsp-

S) or goats (Prsp-G) in Phase 1. 
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During Phase 2, percentage of grass increased on the Prsp-G 

treatment while on the Prsp-S treatment it only increased 

from Period 5 to Period 6 (overall p<0.01) : 65.0% versus 

74.9% in Period 5 (sed. 3.32; p<0.05) and 78.4% versus 

87.9% in Period 6 (sed. 2.54; p<0.05) on the Prsp-G and 

Prsp-S treatments respectively. In both Periods the Prsp-G 

treatment also had higher percentages of live clover (p<O . 1 

and p<0.05 in Periods 5 and 6 respectively), dead clover 

(p<O.Ol and p<O.l in Periods 5 and 6 respectively) and 

other species (ns and p<O.l in Periods 5 and 6 

respectively) but lower percentages of dead grass (p<0.05 

and p<0.05 in Periods 5 and 6). 

Also in Phase 2, percentage of clover decreased on the 

4-4 cm (26.8%, 23.1% and 14.9%), on the 4-8 cm (47.1%, 

39.3% and 19.0%) and on the 8-8 cm sward height treatments 

(30.4%, 24.7% and 12.6%) in Periods 4, 5 and 6 respectively 

(sed. 2.82; p<0. OS) . Changes on proportions of live clover 

followed a similar pattern (p<0.01) . The 4-8 cm height 

treatment had higher percentages of live clover (p<O.OS in 

Period 5) and lower percentages of dead grass (p<O.Ol and 

p<O.Ol in Periods 5 and 6) while percentages of live grass 

increased throughout Phase 2 on the three sward height 

treatments (p<0.01) 

4.4.4. Animal measurements. 

4.4.4.1. Animal performance and output. 

4.4.4.1.1. Phase 1. 

Figure 4.17 shows the fortnightly mean live weights of 

the 'core' goats, ewes and lambs during Phase 1. 
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Figure 4.17. Live-weight changes through phase 1 
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- Goat performance. 

Goat live weight gains were 2.4 kg/goat on the 4 cm 

sward versus 4.9 kg/goat on the 8 cm sward (ns) over the 57 

days of Phase 1 (see Table 4.12) . Goats gained live weight 

during the first 28 days and then lost a small amount of 

live weight for the remainder of Phase 1 (see Figure 

4.17a) 

Table 4.12. Live weight gain and body condition change in 

'core' goats in Phase I. 

Level 

of 

Height (cm) 4 8 sed significance 

number of 

observations 83 45 - - 

Live weight gain 

(g/day) 42.3 85.6 17.78 ns 

Body condition 

score increase 0.27 0.32 0.065 ns 

When the total number of goats used was considered 

('core' flock plus 'buffer' goats), the average stocking 

density was similar between sward heights treatments (149 

versus 138 goats/ha on 4 cm and 8 cm treatments 

respectively, sed. 6.4; ns). The number of goat grazing 

days was higher on the 4 cm height treatment than on the 8 

cm height treatment (p<0.05; Table 4.13) . Total live 

weight gain was higher on the 8 cm paddocks than the 4 cm 

paddocks (see Table 4.13), although the difference was not 

significant. 
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Mean body condition score of 'core' goats was 

initially 2.3 and 2.2 on the 8 cm and 4 cm sward height 

treatments respectively (sed. 0.05; ns) . Goats on the 8 cm 

height treatment increased condition score more quickly 

than those on the 4 cm treatment until day 28 when they had 

condition scores of 2.7 versus 2.3 (sed. 0.01; p<0.05) 

During the second part of Phase 1, goats on the 8 cm 

treatment lost body condition, making the differences 

between treatments smaller at the end of Phase 1 (2.6 

versus 2.4 on the 8 cm and on 4 cm swards respectively; 

sed. 0.10; ns). 

Table 4.13. Goat output during Phase 1 (n = 2). 

Level 

of 

Height (cm) 4 8 sed. significance 

Goat grazing 

days per hectare 8493 7866 270.0 ns 

Total live weight 

gain (kg/ha) 359 673 171.4 ns 

- Sheep performance. 

Ewe live weight increased by 5.8 kg/ewe on the 8 cm 

sward while it decreased by 7.0 kg/ewe on the 4 cm sward 

over the 57 days of Phase 1 (Table 4.14; Figure 4.17b). 

Ewe body condition score changed little on the 4 cm 

treatment, while those on the 8 cm treatment gained +0.19 
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condition score units, although the difference between 

treatments was not significant. 

Mean growth rates of the twin lambs were different 

(p<0.05) between sward height treatments (Table 4.14) 

They grew more rapidly on the 8 cm treatment (327 g/day) 

than on 4 cm treatment (215 g/day; sed. 4.2) (see Figure 

4.17c) . Consequently at the end of Phase 1, their mean live 

weights were 38.6 and 31.5 kg mean live weight on the 8 cm 

and 4 cm sward height treatments respectively (sed. 0.08; 

p<O.Ol) 

Table 4.14. Sward height effects on the performance of the 

'core' flock of ewes and lambs used during 57 grazing days 

on Phase 1. 

Level 

of 

Height (cm) 4 8 sed significance 

number of 

observations 22 8 - - 

Ewe live weight 

change (g/day)' -122 +101 11.7 * 

Ewe condition 

score increase 0.02 0.19 0.081 ns 

number of 

observations 44 16 - - 

Lamb live weight 

gain-(g/day) 215 327 4.17 * 

+ Corrected for weight of wool clipped. 
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Average stocking density of lactating ewes (38 versus 

26 ewes/ha on the 4 cm and 8 cm treatments respectively; 

sed. 3.3; p<0.05) and of their lambs (76 versus 52 lambs/ha 

on 4 cm and 8 cm treatments respectively; sed. 4.0; p<0.05) 

were higher on 4 cm paddocks than on 8 cm paddocks 

throughout Phase 1. Total ewe and lamb grazing days were 

calculated for each sward height treatment (Table 4.15) and 

were greater for 4 cm paddocks (p<O.05). Total live weight 

gains (ewes + lambs) were 1117 versus 667 kg/ha on 8 cm and 

4 cm treatments respectively (sed. 6.0; p<0.01) 

Table 4.15. Sward height effects on ewe and lamb output per 

hectare during Phase 1 (n = 2) 



- Goat versus sheep. 

Overall, sheep output was higher than goat output (892 

versus 516 kg/ha; sed. 74.3; p<0.05) . Although sheep 

output was greater than goat output on the 8 cm height 

treatment (1117 versus 673 kg/ha; p<0.01), on the 4 cm 

treatment the outputs were not so different (667 versus 359 

kg/ha for sheep and goat output respectively; sed. 105.0; 

ns). 

4.4.4.1.2. Phase 2. 

Weaned lamb live weight gain is given on Table 4.16 

while their live weights during Phase 2 are shown on Figure 

4.18. After 17 days in Phase 2, differences in live weight 

gains were already significant between sward height 

treatments (p<O.00l) but not between pre-species 

treatments. Differences between pre-species treatments 

became significant (p<0.05) by day 28 of Phase 2. Over the 

49 days of Phase 2 the lambs gained more live weight on 

plots previously grazed by goats (187 g/day) than on plots 

previously grazed by sheep (141 g/day; sed. 11.8; p<0.001; 

see Table 4.16). Also lambs gained more live weight on the 

4-8 cm and on the 8-8 cm treatments than on the 4-4 cm 

treatment (207 and 180 versus 106 g/day respectively; sed. 

14.0; p<0.00l). There was no interaction between pre- 

species and sward height treatments. By the end of the 

experiment the lambs on the Prsp-G and Prsp-S treatments 

weighed 38.3 versus 36.0 kg live weight respectively (sed. 

0.58; p<0.001) and 39.2, 37.9 and 34.3 kg live weight on 

the 4-8 cm, 8-8 cm and 4-4 cm treatments respectively (sed. 

0.69; p<0.001). 
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Table 4.16. Treatment effects on weaned lamb performance and output during Phase 2. 

Pre-species (Prsp) Sheep Coat Ltvo1 C)L uiynificac 

Sward height treatment 4-4 4-8 8-8 4-4 4-8 8-8 sad Prsp Height Prsp x Height 
(Height; cm) 

Lamb live-weight 
gain (g/day) (n = 10) 80 191 153 131 222 207 19.9 ns 

Lamb grazing days 387 391 388 393 391 392 68.1 ns ns ns 
per hectare (n = 2) 

Total lamb live-weight 
gain (kg/ha) (n = 2) 311 746 592 515 870 810 69.7 IA us 
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Figure 4.18. Live weight of weaned lambs through Phase 2. 
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There were no differences in stocking rates of weaned 
lambs between pre-species treatments or height treatments 

(mean stocking rate ranged between 39.5 - 40.0 lambs/ha per 

treatment). This was reflected in similar numbers of lamb 

grazing days per treatment (see Table 4.16). 

When weaned lamb output over the 49 days of Phase 2 

was calculated, differences emerged due to both sward 

height treatments (808 and. 701 versus 413 kg/ha on 4-8 cm, 

8-8 cm and 4-4 cm treatments respectively; sed. 49.2; 

p<0.001) and between pre-species treatments (731 versus 550 

kg/ha on Prsp-G and on Prsp-S respectively; sed. 40.3; 

p<O.Ol) 

4.4.4.2. Herbage intake. 

Daily herbage intakes of DM by weaned lambs during 

Phase 2 are presented in Table 4.17. 

Lambs grazing on the Prsp-G treatment had a DM herbage 

intake which was 26.9% higher than that of lambs grazing on 

the Prsp-S treatment (1.42 versus 1.12 kg DM/day; sed. 

0.064; p<O.00l). There was a significant pre-species x 

sward height treatment interaction whereby the effect of 

pre-species was greatest on the 4-8 cm treatment and least 

on the 4-4 cm treatment. There were large differences in 

DM herbage intake between sward height treatments: 0.97, 

1.66 and 1.19 kg DM/ha for 4-4 cm, 4-8 cm and 8-8 cm 

treatments respectively (sed. 0.078; p<0.001) 

Finally, intake increased during Phase 2: 1.16 versus 

1.38 kg DM/ha in Periods 5 and 6 respectively (sed. 0.0481; 

p<0.oOl) 
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Table 4.17. Herbage intake (kg DM/day) of weaned lambs during Phase 2 (n = 10). 

Ln 

Pre-species (Prsp) 

Sward height treatment 
(Height; cm) 

Sheep 

4-4 4-8 8-8 

Goat 

4-4 4-8 8-8 sed 
Level of S1JIIiLic.1flCe 

Period (Pa) 

6 

0.88 1.37 0.80 

0.98 1.38 1.30 

0.83 1.71 1.35 

1.17 2.16 1.31 

Prsp * * , 

Height *** 

0.139 Fe **, 

Prop x Height 
Prsp x Height x Fe 

( -  sed. of means of the interaction Prsp x Height x Pc) 



4.4.4.3. Diet selected. 

4.4.4.3.1. Botanical composition of the ingested diet. 

Table 4.18 shows the percentage of the five major 

botanical components of the diet selected by oesophageally 

fistulated animals during Periods 5 and 6. 

Lambs grazing the Prsp-G swards selected more total 

clover (33.1% versus 17.6%; sed 1.83; p<0.001), more live 

clover (31.6% versus 16.9%; sed. 1.70; p<O.00l) and more 

dead clover (1.5% versus 0.7%; sed. 0.24; p<O.Ol) but less 

total grass (65.4% versus 81.0%; sed. 1.78; p<0.001) and 

less live grass (60.9% versus 76.2%; sed. 1.79; p<O.00l) 

than on the Prsp-S swards. 

Also, the proportion of the components selected by the 

weaned lambs differed between sward height treatments. 

More total clover was selected from the 4-8 cm treatment 

than from 8-8 cm and 4-4 cm treatments: 37.6% versus 22.2% 

and 16.2% (sed. 2.24; p<0.001) . Also more live clover was 

selected from the 4-8 cm treatment (p<0.001) : 36.5% (4-8 

cm) versus 20.6% (8-8 cm) and 15.5% (4-4 cm; sed. 2.07%) 

but less live grass (p<O.O0l) : 56.3% (4-8 cm) versus 70.7% 

(8-8 cm) and 78.6% (4-4 cm; sed. 2.19) . The proportion of 

dead grass in the diet was higher (p<0.01) on the 8-8 cm 

treatment (5.9%) compared to 4.5% and 3.7% on the 4-8 cm 

and 4-4 cm treatments (sed. 0.58). The proportion of dead 

clover was also higher on the 8-8 cm treatment (1.6%) 

versus 1.1% and 0.7% for the 4-8 and 4-4 cm treatments 

respectively (sed. 0.29; p<0.05) 
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Table 4.18. Botanical components (P6 OH) in the diet selected by oesophageally fisLulated weaned lambs in Phase 2 
(n = 12). 

Pre-species (Prsp) 

Sward height treatment 
(Height; cm) 

4-4 

Sheep 

4-8 8-8 4-4 

Goat 

4-8 8-8 sed 
Level of significance 

Component Period (Pe) 

Live grass 5 84.67 56.11 72.31 54.94 45.75 58.21 Prsp Height Pc  

6 88.59 71.98 82.71 86.14 50.73 69.47 4.041 Prsp x Pc * 

UI Prsp x Height x Pa w 
Dead grass 5 2.08 1.85 4.98 4.68 2.58 2.60 Height , Pc Height x Pc 

6 4.43 758 8.26 3.46 5.92 7.77 1.121 Prsp x Height x Pc * 

Live clover 5 11.62 39.76 20.37 37.98 49.23 36.66 Prsp Height Pc  

6 4.92 17.52 723 7.55 39.64 18.24 3.717 Prsp x Pc , Prsp x Height x Pe 

Dead clover 5 0.24 0.58 122 1.64 1.05 1.54 Prsp Height , 

6 0.65 0.81 0.81 0.21 1.97 2.87 0.539 Prsp x Height x Pe *** 

Other Species 5 0.00 0.03 0.05 0.04 0.00 0.09 Height )p=0.083) 
6 0.01 0.01 0.03 000 0.00 0.04 00427 

{- sed. of means of the interaction Prsp x Height x Pe) .  



Percentages of total clover selected decreased through 

sampling periods (p<O.00l) from 33.7% in Period 5 to 17.1% 

on Period 6 (sed. 1.37), as did the percentage of live 

clover (p<0.001) . Percentages of live grass (p<O.00l) and 

of dead grass (p<O.001) increased. The interaction between 

sampling periods and pre-species treatments for total 

clover in the diet almost reached statistical significance 

(p=0.058) . Larger decreases were observed in the 

percentage of clover in the diet of lambs grazing the Prsp-

G treatment (from 42.7% in Period 5 to 23.5% on Period 6) 

than in lambs grazing the Prsp-S treatment (from 24.6% in 

Period 5 to 10.6% in Period 6; sed. 2.29) . Percentages of 

live clover also decreased more on the Prsp-G treatment 

(p<O.05) while the percentage of live grass increased more 

(p<0.05) . The percentage of dead grass in the diet in 

Period 6 on the 4-8 cm and 8-8 cm treatments was much 

greater than in Period 5, while there was little change 

with time on the 4-4 cm treatment (height treatment x 

period, p<O.00l) 

There were highly significant (p<O.00l) interactions 

between pre-species treatment, sward height treatment and 

sampling period for percentage of total clover selected. 

While on the Prsp-S:4-4 cm treatment percentage of clover 

in the diet decreased from 11.9% (Period 5) to 5.6% (Period 

6), lambs grazing on the Prsp-G:4-4 cm treatment had a 

larger reduction from 39.6% (Period 5) to 7.8% (Period 6) 

On the Prsp-G:4-8 cm treatment percentage of total clover 

selected remained relatively high throughout (50.3% in 

Period 5 and 41.6% in Period 6) while in contrast it 

decreased substantially on the Prsp-S:4-8 cm treatment 

(from 40.3% in Period 5 and 18.3% in Period 6) . The 

effects of pre-species treatment x sward height treatment 

x period on live clover were similar to those for total 

clover, while, as would be expected for grass and live 

grass, they were the opposite to that for clover. 
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4.4.4.3.2. Digestibility of diet selected. 

The in vitro organic matter digestibility of the diet 

selected by the oesophageally fistulated lambs is given in 

Table 4.19. Lambs tended to select a diet of higher 

digestibility from the swards previously grazed by goats 

(Prsp-G) than by sheep (Prsp-S) : 0.796 versus 0.786 (sed. 

0.0047; p=0.058) . Also, lambs selected a more digestible 

diet from the 4-4 cm treatment and from the 4-8 cm 

treatment than from the 8-8 cm treatment (0.814, 0.787, 

0.772 respectively; sed. 0.0057; p<O.00l). 

Overall digestibility decreased from Period 5 to 

Period 6 (0.810 versus 0.772; sed. 0.0049; p<0.001) 

Larger decreases between Periods 5 and 6 were found on the 

4-4 cm and 4-8 cm sward height treatments than on the 8-8 

cm treatment (height treatment x period: p<O.Ol; see Table 

4.19) 

Finally the interaction pre-species x sward height 

treatment x period was significant (p<0.001) . While 

decreases in digestibility between Periods 5 and 6 were 

similar across sward height treatments for the Prsp-S 

treatment, on the Prsp-G treatment there was a large 

decrease in digestibility on the 4-4 cm treatment, but 

little change on the 4-8 cm and 8-8 cm treatments. 
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Table 4.19. Mean in vitro organic matter digestibility (proportion) of diet selected by oesophageally wearied lambs 
(n = 12). 

Pre-species (Prsp) Sheep Goat 

Sward height treatment 4-4 4-8 8-8 4-4 4-8 8-8 sed 
Level of significance 

(Height; cm) 
(-n 

Period (Pe) 

5 0.835 0.804 0.773 

0.777 0.757 0.771 

0.856 0.799 0.793 Prsp (p=0.058) Height ", Pe 

0.787 0.787 0.751 0.1169 Height x Pe 
Prsp x Height x Pe 

(°- sed. of means of the interaction Prsp x Height x Pa) 



4.4.4.4. Parasite burden. 

From the analysis of faecal samples taken on weaned 

lambs at the end of the grazing season no evidence of fluke 

was found. Also, low number of eggs of Nematodirus battus 

and of Monizia were present in the faeces. However 

moderate infestation of Trichostrongylus spp. was found. 

There was a slightly heavier infestation on the Prsp-S 

treatment than on the Prsp-G treatment (543 versus 280 

eggs/g; sed. 140.6) and 635, 435 and 165 eggs/g on 8-8 cm, 

4-8 cm and 4-4 cm treatments (sed. 172.2), although there 

were no significant differences between either pre-species 

or sward height treatments. 

4.4 .5.  The relationships between sward variables and animal 

variables. 

4.4.5.1. Phase 1. 

Regressions between the live weight changes of each 

animal species (ewes, lambs and goats) between Periods 1 

and 2 and between Periods 2 and 3 and the mean percentage 

clover in the sward and on the sward surface in Periods 1 

and 2 and in Periods 2 and 3 were carried out considering 

also sward height treatment as a potential explanatory 

variable. 

Live weight gains of goats were negatively correlated 

with percentage clover in the whole sward (R2=0.559; 

p=0.065) but not correlated with percentage clover on the 

sward surface (R2=0.097; ns). Conversely, changes in the 

live weight of lactating ewes and of twin suckling lambs 
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were positively related with the clover percentages in the 

whole sward (R2=O.456; p=0.066 and R2=O.343; ns 

respectively) and on the sward surface (R2=O.297; ns and 

R2 0.504; p<0.05 respectively. 

In goats, the multiple linear regression of live 

weight changes during Phase 1 with percentage clover in the 

sward surface (p<0.05) and the percentage of clover in the 

sward (p<0.05) was significant (R2=O.915; p<O.05) and is 

given by the following parallel equations for the intervals 

between Periods 1 and 2 and between Periods 2 and 3: 

Y = -108.0 (± 119.0)a - 3.35 (± 6.89) sward + 8.36 (±3.98)  surface 

-221.9 (± 834)b 

(Equation 4.2) 

where y = goat live weight changes (g/day) 

sward = clover in the whole sward (%DM) 

surface = clover on the sward surface (%DM) 

a= intercept for interval between Periods 1 and 2 

b= intercept for interval between Periods 2 and 3. 

The addition of sward height treatment did not 

improved the fit significantly (R2=O.944) 

In ewes, in contrast, sward height treatment (p<O.00l) 

was an important factor when added to a multiple regression 

including percentage clover on the sward surface (p<O.00l) 

to explain ewe live weight changes during Phase 1 

(R2 0.975; p<0.001). The equation was: 

y = -232.5 (± 25.7) + 372 (± 1.15) surface 

-54.7 (± 20 • 5)6 (Equation 4.3) 

where y = ewe live weight changes (g/day) 

surface = clover on the sward surface (%DM) 

ar intercept for the 4 cm sward height treatment 

b= intercept for the 8 cm sward height treatment. 
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Also in lambs, the multiple linear regression of 

percentage of clover on the sward surface (p<0.05) and 

sward height treatment (ns) explained most variation in 

live weight gains in lambs (R2=0.725; p<O.OS) and the 

equation is given below: 

Y = 57.5 (± 69.6) a + 6.66 (± 3.10) surface 

139.8 (± 553)b 

where y = lamb live weight changes (g/day) 

surface = percentage of clover on the sward surface (DM) 

a= intercept for the 4 cm sward height treatment 

b= intercept for the 8 cm sward height treatment 

(Equation 4.4) 

4.4.5.2. Phase 2. 

Linear regressions were carried out to study the 

relationships between live weight gain, herbage intake and 

percentage clover selected by weaned lambs and a set of 

variables measured on the sward. The overall correlation 

matrix is given in Table 4.20. 
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Table 4.20. Correlation matrix for some of the key 

variables during Phase 2 (n=12). 

live 

weight 

gain 1.000 

(g! day) 

daily 0.664* 1.000 

intake 

(kg DM/day) 

clover 0.545 0.512 1.000 

in the 

diet (%) 

clover 0.616*  -0.111 0.668*  1.000 

in the 

sward (%) 

clover 0.734**_0.027 0.743**0.929***1.000 

in the 

sward 

surface (%) 

diet OM -0.407 -0.265 0.366 0.722** 0.572* 1.000 

digest- 

bility (%) 

herbage 0.613* 0.876***0.206 -0.469 -0.386 -0.560 1.000 

mass 

(kg DM/ha) 

live weight daily diet sward surface OM herbage 

gain intake digest mass 

(g/day) (kgDM/day) clover (%) (%) (kgDM/ha) 
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4.4.5.2.1. The relationship between diet quality and sward 

composition. 

Figure 4.19 shows the relationships between the 

percentage clover selected in the diet by weaned lambs and 

the percentage of clover found in the whole sward and in 

the sward surface through both sampling periods (Periods 5 

and 6) . The percentage clover in the diet was more closely 

related to the percentage clover on the sward surface than 

in the whole sward (see Table 4.20) as can be seen from the 

following equation: 

y = 0.91 (± 7.67) +1.19 (± 0.34) surface; R2=0.551; p<0.01 

y = -4.20 (± 11.0) +1.50 (± 0.53) sward; R2 0.446; p<0.05 

where y = clover in diet (%DM) 

surface = clover in sward surface (%DM) 

sward = clover in sward (%DM) 

(Equation 4.5) 

The addition of sward height treatment (p<0.05) and 

pre-species treatment (p<0.05) increased the amount of 

variation explained (R2 0.920; p<O.ol) 

The organic matter digestibility of the diet was not 

related to the percentage clover in the diet (R2 0.134; ns; 

see Table 4.20). 
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Figure 4.19. Relationships between percentage clover in 

the diet selected by lambs and percentage clover in the 

whole sward and on the 'sward surface'. 
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4.4.5.2.2. The relationships between herbage intake, sward 

composition and diet quality variables. 

Figure 4.20 shows the linear relationships between 

daily herbage intake by the weaned lambs with percentage 

clover on the diet. (a), organic matter digestibility of the 

diet (b) and herbage mass (c). 

Correlation between daily herbage intake and 

percentage of clover in the diet was not significant 

(R2 0.262; p=0.089): 

y = 0.95 (± 0.20) +0.01 (± 0.006) diet 

where y = herbage intake (kg DM/day) 

diet = clover in diet (%DM) 

(Equation 4.6) 

There was no relationships between herbage intake and 

the percentage clover in the whole sward (R2=0.123; ns) or 

on the sward surface (R2=0.007; ns) neither was there a 

significant correlation between diet digestibility and 

herbage intake (R2 0.007; ns) 

Herbage intake was related with herbage mass 

(R2 0.767; p<0.001) by the following equation: 

Y = -0.26 (± 0.27) +0.00123 (± 0.000117) herbage mass 

where y = herbage intake (kg DM/day) 

herbage mass = herbage mass (kgDM/day) 

(Equation 4.7) 
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Figure 4.20. Relationships of lamb herbage intake with a) 

percentage clover on diet selected, b) organic matter 

digestibility of the diet selected and c) sward herbage 

mass during Phase 2. 
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The addition of sward height treatment as a factor 

(p<0.05) improved significantly the regression (R2=0.914; 

p<0.001) and the equation is given below: 

y = -0.08 (± 0.27)a+0.00134  (± 0.000127) herbage mass 

+0.19 (±0.16) 
-0.17 (±0.]6)c 

where y = herbage intake (kg DM/day) 

herbage mass = herbage mass (kgDM/day) 

a=intercept for the 4-4 cm sward height treatment 

b=intercept for the 4-8 cm sward height treatment 

c=intercept for the 8-8 cm sward height treatment 

(Equation 4.8) 

When herbage intake was related to percentage clover 

in the whole sward, in the sward surface, percentage 

clover in the diet, diet digestibility, sward herbage mass 

using a step-wise multiple linear regression, the model 

that accounted for the highest percentage of variation 

explained in the intake rate had herbage mass (p<O.00l) and 

percentage of clover in the whole sward (p<0.05) as 

explanatory variables (R2=0.882; p<O.00l) 

where y = -0.99 (± 0.32) +0.00145 (± 0.000168) herbage mass + 

0.02 (±0.007)  sward 

where y = herbage intake rate (kg DM/day) 

herbage mass = herbage mass (kgDM/day) 

sward = clover in the whole sward (%DM) 

(Equation 4.9) 
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4.4.5.2.3. The relationships between lamb performance, 

sward composition and diet quality variables. 

The relationship between weaned lamb live weight gain 

and percentage clover in the whole sward and in the sward 

surface are displayed in Figure 4.21. Lamb live weight 

gains (g/day) and consequently lamb output (kg/ha) were 

more strongly related to the percentage of clover in the 

sward surface (R2=O.538; p<0.001 for both regressions) 

y = 59.8 (4- 22.7) +3.9 (+ 0.78) surface 

z = 203.0 (4- 112.0) +16.6 (4- 3.97) surface 

where y = weaned lamb live weight gain (g/day) 

z = weaned lamb output (kg/ha) 

surface = clover on sward surface (%DM) 

(Equation 4.10) 

than with the percentage of clover in the sward (R2=0.380; 

p<O.Ol) 

y = 55.7 (± 31.7) +4.7 (± 1.27) sward 

Z = 168.0 (± 174.0) +20.1 (4- 7.12) sward 

where y = weaned lamb live weight gain (g/day) 

z = weaned lamb output (kg/ha) 

sward = clover in the whole sward (%DM) 

(Equation 4.11) 

Live weight gain was related to percentage clover in 

the diet by the equation 4.12 (R2 0.297; p=0.067) 
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Figure 4.21. Relationships of lamb live weight gains and 

percentage of clover in the whole sward and on the 'sward 

surface'. 

Live weight gain (g/day) 
300, whole sward 

+ 

sward surface I 

+ .± 

+. 

10 20 30 40 50 RMIJ  

Clover in sward (% DM) 

Whole sward + Sward surface 

267 

250 

200 

150 

100 

50 



Y = 111.9 (± 24.3) +1.7 (± 0.82) diet 

where y = weaned lamb live weight gain (g/day) 

diet = clover in the diet (%DM) 

(Eauation 4.12) 

When sward height treatment (p<O.O1) and sampling 

period (p=0.059) terms were introduced as explanatory 

factors for live weight changes the regression became 

significant (R2  =0.751; p<0.05). 

All these results clearly indicated that sward height 

treatment had a dominant effect on the lamb live weight 

changes and as a consequence on the lamb output per 

hectare. 

Weaned lamb live weight changes were significantly 

related to herbage intake (R2 =0.441; p<O.OS; see Figure 

4.22) 

y = 48.7 (± 39.4) +83.6 (± 29.7) intake 

where y = weaned lamb live weight gains (g/day) 

intake = herbage intake rate (kgDM/day) 

(Equation 4.13) 

Finally, the simplest significant multiple regression 

model that accounted for as much as possible of the 

variation (R2 =0.754; p<0.01) on lamb live weight gain from 

all the variables given in Table 4.20 was: 
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Figure 4.22 Relationship between lamb live weight gains 

and herbage intake during Phase 2. 
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y = 814.0 (± 286.0) -'-64,7 (± 23.2) intake + 3.09 (±1.1)  surface - 

1018.0 (± 364.0) digestibility. 

where y = weaned lamb live weight gain (g/day) 

intake = herbage intake (kg DM/ha) 

surface = clover on sward surface (%DM) 

digestibility = organic matter digestibility of diet (proportion) 

(Equation 4.14) 

4.5. Discussion. 

The experiment was concerned with the effect of 

grazing with one animal species (sheep or goats) on the 

subsequent diet selected, herbage intake and animal 

performance of weaned lambs and also with the effect of the 

interaction between these animal species and sward height 

on the balance between grass and clover in the sward. 

Therefore, initially, Sections 4.5.1, 4.5.2 and 4.5.3 will 

deal respectively with responses through the season, sward 

height and herbage mass. Afterwards, Section 4.5.4 

considers sward and animal responses through both Phases of 

Experiment 2. Finally Section 4.5.5 will summarise the 

main findings. 

4.5.1. Seasonal effect on the sward. 

In Phase 1 maximum clover mass was achieved in July 

(582, 721 and 787 kg/ha in Periods 1, 2 and 3 respectively; 

p<0.05) while the grass mass was relatively constant (1998, 

2056 and 1982 kg/ha in Periods 1, 2 and 3 respectively) 

The change in clover mass is similar to previous reports 

(Earthram and Grant, 1994) and reflects the increase in 
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temperature throughout Phase 1. 

4.5.2. Sward height heteroeneity. 

Although the initial difference in the mean sward 

height between pre-species treatments on the 8 cm sward 

height treatment was reflected in a higher average sward 

height during Phase 1 in the Prsp-G treatment (+0.9 cm) 

the difference was not significant. The mean sward heights 

for the 4 and 8 cm treatments were maintained successfully 

throughout Phases 1 and 2 inside the range 4 ± 1.0 cm and 

8 ± 1.0 cm respectively. Consequently as in Experiment 1, 

it was possible to compare the effect of sheep and goat 

grazing treatments on the frequency distribution of the 

measurements of the sward surface heights during Phases 1 

and 2. 

As in Experiment 1, on both height treatments during 

Phase 1, goat-grazed paddocks had a greater degree of 

skewness in sward height measurements than sheep-grazed 

paddocks. This does not agree with the results of Collins 

and Nicol (unpublished data, cited by Nicol et al., 1987) 

who suggested that the spatial pattern of grazing of sheep 

resulted in a greater patchiness in ryegrass/white clover 

swards than with goats. However they recognised that the 

sward height to which their animals were grazing on a 

rotational system was perhaps more limiting to the intake 

of goats than sheep. In the current study the goat's 

supposedly browsing habit of grazing the top of the sward, 

produced a greater number of taller sward surface height 

measurements. The effect became clearer at higher sward 

heights i.e. the differences were greater on the 8 cm 

height treatment (p<0.001) than on the 4 cm height 

treatment (p<0.05) 
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During Phase 2 the differences in distribution of 

sward height measurements created by pre-species treatment 

in Phase 1 still remained on the 4-4 cm and 8-8 cm height 

treatment but not on the 4-8 cm treatments. The lack of a 

carry-over effect on this last treatment was due probably 

to the rest period between Phases 1 and 2. In contrast to 

Phase 1, the shorter sward height treatment (4-4 cm) 

displayed greater differences between pre-species 

treatments (Prsp-G and Prsp-S) than on the 8-8 cm sward 

height treatment. As Hepp-Kuschel (1989) suggested, 

because of their smaller bite size, lambs probably had 

smaller grazing depths than ewes and goats and they may 

have concentrated mainly on the sward surface of the 8-8 cm 

height swards while they may have grazed down to a similar 

height on the 4-4 cm height sward avoiding the pseudostem 

layer of the swards. 

4.5.3. Herbae mass. 

As expected, sward height treatments had different 

herbage masses. The 4 cm height treatment had 

significantly lower herbage mass than the 8 cm height 

treatment at the end of Phase 1 (p<O.Ol) and whilst the 4-8 

cm and 8-8 cm height treatments had similar herbage masses, 

the 4-4 cm height treatment had significantly lower herbage 

mass during Phase 2 (p<O.00l) 

Swards allowed to increase in height from 4 cm to 8 cm 

sward height during the transitional period between Phases 

1 and 2 increased dramatically in clover content (+385 kg 

DM/ha) while their grass content decreased (-224 kg DM/ha). 

A similar response was seen by Grant and Barthram (1990) 

272 



and Barthram and Grant (1994) in the same environmental 

conditions. In their work a rest period affected the 

balance between clover and ryegrass in the sward with the 

actual changes depending on the timing of release from 

grazing. They recorded that the white clover content of 

the sward was increased by a period of herbage accumulation 

from 4-5 cm to 7.5 cm sward height in May and June rather 

than in April and May where the white clover content of the 

sward was reduced in favour to ryegrass. As a consequence, 

the time of the rest period in the middle of the summer (22 

July - 12 August) allowing the sward to grow to 8 cm when 

temperatures were higher favoured the white clover with 

respect to the ryegrass. 3arthram and Grant (1994) related 

this to the advantageous position occupied by clover 

laminae with respect to ryegrass within the sward canopy. 

Pre-species treatments did not result in significant 

differences in overall herbage mass during either Phase 1 

or 2. 

4.5.4. Relationships between animal responses and sward 

composition. 

4.5.4.1. Effect of animal species on sward composition. 

From Period 1, at the beginning of the experiment, to 

Period 3, at the end of Phase 1, the overall percentage of 

clover in the sward of goat-grazed swards (Prsp-G) 

increased (+15.8%), whereas in the sheep-grazed swards 

(Prsp-S) it decreased (-3.9%; p<O.00l) . This agrees well 

with the work of Bown et al. (1989) who reported on goat-

grazed swards, an increase in clover of around 15% over the 

grazing season. This resulted at the end of Phase 1, in 
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higher live clover masses within horizon on the Prsp-G 

treatment than on the Prsp-S treatment (p<O.l; see Figure 

4.11) and coincided with a visually denser appearance of 

clover with apparently taller clover units on the goat-

grazed swards (see Plates 4.1a and 4.1b) . It was shown in 

Experiment 1 that sheep eat white clover in higher 

proportion to that on offer than goats providing an 

explanation for the higher clover content in pastures 

grazed by goats in the present study. The lower 

consumption of clover by goats was reflected in higher 

accumulations of dead clover mass in the Prsp-G treatment 

than in the Prsp-S treatment especially near to ground 

level in the horizon 0-2 cm. Also this was reflected 

during Phase 1 in significantly higher increases in clover 

masses within the horizon nearest to the ground level (0-2 

cm) in the swards grazed by goats in contrast with 

decreases in the swards grazed by sheep which suggested 

that higher amounts of clover stolons were removed from 

swards grazed by sheep. This was also seen in Phase 2 of 

Experiment 1 and agrees with Townsend and Radcliffe (1990) 

who recorded under a mixed goat and sheep regime, higher 

clover masses than under a single sheep regime. 

These differences between pre-species treatments in 

the percentage clover in the whole sward during Phase 1 

were even more dramatic on the sward surface. Goat-grazed 

paddocks showed an increase in percentage clover from 35.3% 

in Period 1 to 43.0% in Period 3, while on sheep-grazed 

paddocks there was a decrease from 38.1% in Period 1 to 

17.8% in Period 3. This suggests, as seen in Experiment 1, 

that the composition of the diet in both sheep and goats 

were closely related to changes occurring on the upper 

layers of the sward. 
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Plate 4.1- Swards during Phase 1. 

Left: Grazed by sheep at 8 cm 

Right: Grazed by goats at 4 cm 

- 

Left: Grazed by sheep at 8 cm 

Right: Grazed by goats at 8 cm 



4.5.4.2. Ewe, lamb and goat performance in Phase 1. 

There was a trend of higher goat live weight gains 

(+43.3 g/day) and higher body condition score on the 8 cm 

sward height treatment than on the 4 cm sward height 

treatment. Although these gains were lower than the live 

weight gains of Angora goats found by Stevens et al. (1992) 

at similar herbage masses (126 g/day) they were similar to 

the live weight gains of 54-92 g/day and 49 g/day found by 

Sown et al. (1989) and Townsend and Radcliffe (1990) 

respectively in Angora goats. Although the average' 

stocking density between height treatments was not 

significantly different, the total live weight output was 

314 kg/ha higher on the 8 cm paddocks than on the 4 cm 

paddocks (see Table 4.13). Radcliffe et al. (1991) 

suggested that taller swards with a higher clover lamina-

petiole mass produced by goat grazing, probably enhanced 

goat growth rates due to the fact that goats grazing alone 

showed a greater consumption of clover than goats grazing 

with sheep and consequently the higher proportion of clover 

in the diet would have provided better nutrition. However 

it is more probable that the lower performance at 4 cm 

sward height was probably caused by a reduction in herbage 

intake related to lower masses of green grass leaf recorded 

in the upper layers. Hughes et al. (1984) and Lu (1988) 

also measured reductions in the goats' herbage intake when 

proportion of green leaf fell in sown swards and Merchant 

and Riach (1994) suggested green leaf availability is an 

important determinant of herbage intake by goats. 

Conversely, goat live weight gains were negatively 

correlated with the percentage of clover in the whole sward 

and with the percentage clover on the sward surface 

(Equation 4.2) 

The results confirm that pasture height has an 
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important influence in goat productivity in a goat-only 

grazing system as previously seen by Merchant and Riach 

(1994) . Additionally, the castrate goats tended to lose 

live weight and body condition score through the second 

part of Phase 1 on the 8 cm sward height treatment. A 

similar pattern has also been observed with castrate goats 

by Margaret and Riach (1994) which could be due to the fact 

that the live weights achieved during Phase 1 were near to 

the goats' mature weight. 

Sward height treatment also affected ewes' and lambs' 

live weight changes. Ewes lost 122 g/day on the 4 cm sward 

height treatment but gained 101 g/day on the 8 cm sward 

height treatment. Similarly only small increases in ewes' 

body condition were found on the 8 cm sward height 

treatment but ewes lost body condition on the 4 cm sward. 

Their suckling lambs also grew significantly better on the 

8 cm treatment than on the 4 cm treatment (326.5 versus 

215.0 g/day; p<O.OS; see Table 4.14) . This suggests that 

the capacity of twin rearing ewes to consume pasture at 4 

cm was restricted, similar to the findings of Parker and 

McCutcheon (1992) on swards at 3.5 cm. Chestnutt (1992) 

working on grass/clover swards at 3, 5, 7 and 9 cm also 

reported an increase in suckling lamb growth rates with 

increased sward height with the highest growth rate 

occurring when swards were grazed at 9 cm. The short sward 

in the Prsp-S:4 cm treatment probably limited the potential 

for intake by limiting the physical capacity to harvest 

feed and by having during Periods 2 and 3 more dead grass 

near to the ground level (0-2 cm) as illustrated in Figure 

4.10. Penning et al. (1991a) recorded an optimum sward 

surface height between 3 cm and 6 cm for lactating ewes 

grazing with twin lambs and Orr et al. (1990) also found a 

maximum performance of non-lactating sheep at 6 cm sward 

height. They claimed that swards above 6 cm continuously 

stocked by sheep would deteriorate in structure, but since 

277 



they had sward height treatments of 3, 6 and 9 cm, the 

exact height at which structure deteriorates between 6 and 

9 cm could not be defined. However, in the current study, 

there was a greater increase in dead material on the 4 cm 

than on the 8 cm sward height treatment (25.6% versus 9.0% 

respectively at the end of Phase 1; Table 4.7), which does 

not support the contention that higher sward heights 

initially lead to deterioration in quality. 

A gradual decline of the ewe live weight gains 

recorded after 14 days in both height treatments may be 

associated with an overall increase in dead grass in all 

horizons at both sward heights as also recorded by Forbes 

(1982) and therefore with a decrease in their herbage 

intake as recorded by Gibb and Treacher (1980) in lactating 

ewes after 3 weeks on pasture. But as Rattray, Thompson, 

Hawker and Sumner (1987) mentioned sheep live weight gains 

could be influenced considerably by gut fill changes. They 

recorded in lactating ewes which were changed from low to 

a high intake, gut fill increases of over 5 kg and 

therefore this can lead to over-estimates of ewe live 

weight change by 50%, particularly if live weight gain is 

calculated over a short period. Nevertheless, the ewe live 

weight changes were more responsive to sward height than 

were lamb live weight gains. This was probably due to the 

fact that lambs are buffered to a large extent from the 

effects of sward height because of the milk supplied by 

their mothers. However both the ewes' and the lambs' live 

weight changes were significantly related with the 

percentage of clover present on the sward surface 

(Equations 4.3 and 4.4), and in the case of lambs this may 

reflect either a direct effect of more clover in the lambs' 

diet or an increase on the ewes' milk yield as a 

consequence of more clover in the diet of the ewes (Gibb 

and Treacher, 1983). 
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Although stocking density of ewes and lambs was higher 

on the 4 cm sward height treatment (p<0.05 and p<0.05 

respectively), the total live weight output per hectare was 

higher on the 8 cm sward height treatment than on the 4 cm 

sward height treatment (+450.3 kg/ha; p<0.01) because of 

higher individual animal performance. 

4.5.4.3. Effect of sward composition on weaned lamb 

responses. 

4.5.4.3.1. Effect of sward composition on diet composition. 

The higher proportion of clover found in the diet of 

the lambs compared to that in the sward provides evidence 

of selective grazing for clover as has traditionally been 

reported in lambs (Jamieson and Hodgson, 1979b; Hughes et 

al., 1984; Hepp-Kuschel, 1989; Hughes, 1990; Armstrong et 

al., 1993). 

During Phase 2 there was an overall decrease in the 

percentage of clover in the swards although there was more 

clover in most horizons in plots previously grazed by goats 

(Prsp-G) than in plots previously grazed by sheep (Prsp-S) 

as illustrated in Figure 4.15. These differences were more 

dramatic on the sward surface (see Plates 4.2a and 4.2b) 

Since swards previously grazed by goats during Phase 1 had 

higher percentages of live clover on the sward surface than 

plots previously grazed by sheep in both sampling periods 

(p<0.05 in Period 6), lambs selected more live clover from 

the Prsp-G treatment than from the Prsp-S treatment 

(p<O.001) 

279 



280 

Plate 4.2- Swards during Phase 2. 

Left: Pasture previously grazed by sheep at 4cm and 

grazed by lambs at 4 cm (treatment Prsp-S:4-4 cm). 

Right: Pasture previously grazed by goats at 8 cm 

and grazed by lambs at 8 cm (treatment Prsp-G:8-8 cm). 

Left: Pasture previously grazed by sheep at 8 cm 

and grazed by lambs at 8 cm (treatment Prsp-S:8-8 cm). 

Right: Pasture previously grazed by goats at 4 cm 

and grazed by lambs at 8 cm (treatment Prsp-G:4-8 cm). 



This agrees well with the findings of Townsend and 

Radcliffe (1990) . They found that faecal samples from 

lambs rotationally grazing with goats and sheep showed a 

significant increase in the proportion of clover in the 

diet as the goat:sheep ratio increased. 

Plots allowed to grow from 4 cm to 8 cm had the 

highest percentage clover on the sward surface and lambs 

grazing from them had the highest proportion of clover in 

their diets. This also showed the greater accessibility of 

the clover green material in the 4-8 cm sward height 

treatment than in other sward height treatments. Wright et 

al. (1992) also found higher percentages of clover on lamb-

grazing swards allowed to grow from 4 cm to 8 cm and 

previously grazed by cattle or sheep. 

These variations in the percentage clover ingested by 

lambs were more closely related in both sampling periods to 

the percentage clover present on the sward surface than 

present in the whole sward (see Equation 4.5) . Therefore, 

as the percentage of clover in the sward surface decreased 

on both the Prsp-G treatment (-24.3%) and the Prsp-S 

treatment (-14.1%) from Period 4 to Period 6, the 

percentage of clover ingested by lambs decreased throughout 

Phase 2. This suggests, as indicated by Armstrong et al. 

(1993) in their work with weaned lambs grazing grass/clover 

swards, that the decline over time in the proportion of 

clover in the diet on the lambs could be due to a declining 

opportunity for selection as the percentage of live clover 

on the sward surface was reduced, more markedly on the 

Prsp-G treatment (-31.9% on the Prsp-G:4-4 cm treatment and 

-17.1% on the Prsp-G:8-8 cm treatment) than on the Prsp-S 

treatment although there was also a large decrease on the 

Prsp-S:4-8 cm treatment (-22.0%) 

Additionally, the percentage dead grass ingested by 
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lambs was higher from the 8-8 cm sward height treatment 

than from the 4-4 cm and 4-8 cm sward height treatments. 

This matched with the higher values of percentage dead 

grass (20.0 and 42.6% in Periods 5 and 6 respectively) 

present on the sward surface of the Prsp-S:8-8 cm treatment 

but not with the lower values (7.7% and 7.1% in Periods 5 

and 6) present on the sward surface of the Prsp-G:8-8 cm 

treatment. This agrees well with the results of Bircham 

and Hodgson (1983) who recorded increases with time in the 

proportion of dead material in swards grazed by sheep 

particularly in tall swards associated with higher rates of 

senescence. Nonetheless, the average percentage dead grass 

ingested by the lambs in both sampling periods was much 

lower than the 18.0% consumed by the weaned lambs in the 

work of Hughes et al. (1984) 

4.5.4.3.2. Effect of sward composition on diet 

digestibility. 

Animal species in Phase 1 influenced the OM 

digestibility of the diet selected by lambs. Lambs grazing 

plots previously grazed by goats selected a diet of higher 

digestibility. These differences in diet quality may arise 

from differences of composition in the upper layers between 

animal species treatments. During Periods 5 and 6, lambs 

found in the upper layers (4-6 cm and >6 cm horizons) from 

the goat-grazed swards higher green herbage mass levels 

(live grass plus live clover) than from the sheep-grazed 

swards. Also, in their mixed rotational grazing study, 

Townsend and Radcliffe (1990) recorded higher residual 

green herbage masses in the lamb-grazing swards with higher 

goat:ewe ratios. 

Moreover, the different sward height treatments 
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affected the digestibility of the diet selected by lambs. 

As Hepp-Kuschel (1989) suggested higher contents of dead 

reproductive stem present on the sward surface of the plots 

previously grazed by sheep and on swards maintained at 8 cm 

(8-8 cm sward height treatment) could exert more difficulty 

in forage prehension by the lamb's small bites while in the 

swards maintained at 4 cm (4-4 cm sward height treatment) 

the pseudostem layer may present a barrier to the grazing 

lamb (Barthram, 1981) and consequently the lamb's herbage 

intake seems to be affected markedly at low heights (Hepp-

Kuschel, 1989) . Also, diets selected from the 4-4 cm and 

4-8 cm sward height treatments had higher OM digestibility 

than those selected from the 8-8 cm sward height treatment. 

This contrasts with the results of Hodgson (1981) and Hepp-

Kuschel (1989) who found that lambs ingested herbage with 

higher organic matter digestibility from tall swards 

compared to short swards. 

In the current study, the organic matter digestibility 

of the diet was poorly related to the percentage clover in 

the diet and, although decreases in the digestibility of 

the diet selected through Phase 2 may be related to 

decreases in the availability of clover in the whole sward 

and on the sward surface (particularly on the Prsp-G:4-4 cm 

treatment), it seems likely that the amount of live grass 

lamina selected in the diet might also heavily influence 

the digestibility of the diet. As Hughes et al. (1984) saw 

on his work, there is a tendency for younger grass leaves 

to be located nearest to the top of the sward on the 4-4 cm 

sward and consequently this may have favour the shallow 

grazing habits of the lambs. This is supported by the 

higher proportion of live grass seen in the lamb's diets 

ingested from the 4-4 cm treatment plots when compared to 

that ingested from the 8-8 cm treatment plots. 
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4.5.4.3.3. Effect of sward composition on animal intake and 

performance. 

Animal species in Phase 1 also affected lambs,  herbage 

intake and consequently their performance. Lamb-grazed 

plots previously grazed by goats had higher herbage intakes 

than those on plots previously grazed by sheep and then 

gained more live weight (+45.5 g/day). Other workers 

(Radcliffe and Francis, 1988; Townsend and Radcliffe, 1990) 

have already suggested the possibility of goats 

facilitating grazing by lambs. Townsend and Radcliffe 

(1990) reported lamb growth rates of 152 g/day in sheep-

grazed swards and 169, 185 and 203 g/day under mixed sheep-

goat grazing systems with ewe:goat ratios of 3:1, 3:2 and 

3:3 respectively and this was related, as seen in the 

current study, to increases from 30% to 60% of white clover 

in the pasture as the proportion of goats:ewes increased. 

Their results also pointed to lower pasture clover contents 

on the diet as being a major factor responsible for lower 

lamb live weight gains observed. Radcliffe and Francis 

(1988) recorded in weaned lambs, rotationally grazing, live 

weight gains of 160, 149 and 142 g/day in pasture which 

were grazed by goats-only, goats/sheep and sheep-only the 

preceding spring. Thus both studies, although using 

different grazing regimes to the present experiment, 

support the idea of enhancement of clover under goat 

grazing and suggest that significant improvements can be 

achieved in lamb intake and performance. However, in 

contrast to the New Zealand experience, Nicol et al. 

(1993) found no increase in individual live weight gains of 

sheep or cattle when grazing with yearling goats at 4 or 8 

cm and at 8 or 12 cm sward height respectively. It might 

be possible that in the experiment of Nicol et al. (1993) 

conducted in the UK, there was not enough clover for the 

mixes of sheep or cattle with goats to have a beneficial 
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effect. Similarly in the current study, the absence of a 

significant correlation between herbage intake and 

percentage clover in the diet of lambs (Equation 4.6; see 

Table 4.20) as found with sheep by Clark and Harris (1985), 

suggests a different set of grazing decisions taken by the 

lambs (higher herbage mass and higher percentage clover in 

the whole sward as seen in the Equation 4.9) when 

confronted with different sward structures. 

Lambs on the 4-8 cm sward height treatment had higher 

herbage intakes than on the 4-4 cm and 8-8 cm sward height 

treatments respectively as herbage intake increased with 

higher herbage mass and higher percentage clover in the 

whole sward (Equation 4.9) . This agrees well with the work 

of Hepp-Kuschel (1989) who recorded lower herbage intakes 

on lambs grazing sown swards at 4 cm than at 8 cm sward 

heights and this was associated with a decrease in the lamb 

bite sizes and also with the guidelines produced by Maxwell 

and Treacher (1987) who emphasized the need to increase 

sward height to about 8 cm in late summer to ensure that 

there is sufficient green leaf present to minimize decline 

intake as sward structure is deteriorated. 

There was a significant increase on the amount of 

herbage ingested from Period 5 to Period 6. This was 

expected as herbage intake by the lambs was significantly 

related to herbage mass during Phase 2 (see Equation 4.8) 

as reported also by Hepp-Kuschel (1989). Thus the higher 

intake is partly a consequence of greater herbage mass. He 

suggested that the herbage mass located in the upper layers 

(over 2 cm) would influenced the sensitivity of grazing 

lambs to sward height or herbage mass changes. 

Furthermore, the lambs were older and heavier in Period 6 

than in Period 5 and therefore this may also have 

influenced intake. 
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Lambs' performance appeared also to be sensitive to 

sward height treatment and was closely related to herbage 

intake (see Equation 4.13) : lambs grazing on the 4-8 cm 

sward height treatment had the highest live weight gains of 

the three sward height treatments. On continuously grazed 

sown swards ranging from 3 to 9 cm sward heights, Chestnutt 

(1990) recorded daily live weight changes in weaned lambs 

from -18 to +170 g/day in autumn. Then, as also seen in 

this experiment, there was evidence that during the second 

part of the grazing season, rates of gain continued to 

increase up to 8 cm with no indication of a maximum value 

reached at 6 cm as suggested by Penning (1986) with ewes. 

These results emphasize the significance of sward height in 

determining lamb performance (Chestnutt, 1990) and although 

lamb live weight changes were positively related to the 

percentage clover in the diet (see Equation 4.12) this was 

only significant if the variation due to sward height was 

also taken into account. 

Finally, the variables which were significantly 

related to live weight gain were herbage intake, percentage 

of clover on the sward surface and digestibility of the 

diet selected (see Equation 4.14). Townsend and Radcliffe 

(1990) also found a significant relationships between lamb 

live weight gains and the clover content of the pastures. 

All of these results suggested that weaned lambs are very 

sensitive to sward conditions and adjustments to stocking 

densities are required to ensure optimum sward composition 

and structure. 

4.5.4.4. Parasite burden. 

The interpretation of the results of this experiment, 

particularly the live weight gains could be confounded if 



there was differential intestinal parasite burdens across 

the treatments. Internal parasites are of major concern in 

intensively farmed goats on high producing pastures 

(Radcliffe and Francis, 1988) but in this study lambs 

grazing swards previously grazed by goats did not have 

important faecal egg outputs. There was only a slight 

infestation of Trichostrongylus spp. on lambs grazing plots 

previously grazed by sheep on the 8-8 cm and 4-8 cm sward 

height treatment. However these levels of infestation were 

not likely to have affected performance (Doxey, 1971) 

Therefore the regular drenching of the animals during the 

experiment proved to be effective. 

4.5.5. Summary. 

Swards grazed previously by goats compared to sheep in 

the early part of the season had significantly higher 

clover DM in the sward, and particularly in the sward 

surface. This allowed weaned lambs to ingest a diet of 

higher clover content and to have higher herbage intakes 

and lamb live weight gains. 

Also incorporating a period of rest from grazing 

allowing the sward to grow from 4 cm to 8 cm over a period 

of 3 weeks in mid-summer, favoured white clover compared to 

ryegrass as it was the species with a greater capacity for 

growth during the rest period. Higher weaned lamb live 

weight gains were recorded on 8 cm swards which had been 

allowed to grow from 4 cm to 8 cm, compared to swards which 

had been maintained at 8 cm throughout the summer. 

The experiment thus provides information on ways in 

which the clover content and structure of grass/clover 
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swards can be managed by the appropriate choice of animal 

species and grazing managements to the benefit of weaned 

lambs. 



CHAPTER 5 

GENERAL DISCUSSION 

This chapter initially discusses some aspects of the 

techniques used in the experiments to measure sward 

composition, diet selection and herbage intake (Section 

5.1) . A section on the effect of animal species on sward 

composition and its interaction with sward height and 

season follows (Section 5.2) . Finally, the implications of 

the major findings for sequential grazing and management of 

sown swards are considered (Section 5.3) and some 

recommendations for future research are made (Section 5.4) 

5.1. Experimental techniques. 

5.1.1. Measurement of sward canopy composition and 

structure. 

A herbage gripping and stratified clipping technique 

was used to identify changes in the botanical components 

and vertical structure of the sward as explained in 

Sections 3.2.6.2 and 4.2.6.2. Advantages of using this 

technique were that it: 

- gave samples of plant material for direct measurement of 

foliage distribution in the canopy and botanical 

composition of the sward. 
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- enabled measurements to be made in the laboratory 

following separation into several components, prior to 

drying and weighing. The technique is therefore less 

dependent on variations in the weather than the point 

quadrat technique (Rhodes and Collins, 1993). 

The major disadvantage of this technique is that no 

simultaneous measurements could be made of spatial 

arrangement of the plant material within the horizontal 

layers of the canopy. The point quadrat method can give 

such information. However this can lead to more 

complicated statistical considerations, as the numbers of 

contacts and their angles are not distributed equally 

between layers with the result that the accuracy of contact 

frequency estimates are not uniform for all layers. Also 

with the point quadrat technique, as sward canopy height 

can affect the herbage mass at a given sampling height 

there can be a difficulty in collecting data for the lower 

strata of swards with very dense layers. The problem does 

not occur with the stratified cutting technique. A further 

advantage of the technique used is that it was possible to 

relate the dry matter percentages in the diet selected by 

the animals to the dry matter percentages in the sward, 

thus easing interpretation of the data. This is not 

possible with point quadrat data without the use of factors 

to convert frequency data to mass data, which can introduce 

a degree of error. 

The pyramidal distribution of grass and clover 

components in vertical layers of the sward canopy has been 

reported before by several workers (Arosteguy, 1982; Mime 

et al. 1982; L'Huiller et al. 1986; Collins, 1989; Hughes, 

1990; Nicol and Collins, 1990; Stevens et al., 1992; Casey, 

Lucas and Stevens, 1993) and seems to be a natural 

consequence of the architecture of the grass tillers and 

clover units (Hodgson, 1990) . Collins (1989) divided 
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swards into 4 cm horizontal layers but found that this was 

too large to define grazing site accurately. Therefore it 

was decided to use a 2 cm horizontal band width. 

Similarity coefficients between the composition of samples 

from oesophageally fistulated animals and of each horizon, 

as calculated by Collins (1989) and Nicol and Collins 

(1990) were not assessed in the present study. As Collins 

(1989) herself recognized, it would be difficult and even 

unrealistic to interpret grazing in a particular horizon as 

the animal's ability to choose a grazing site with a high 

proportion of a particular component, as botanical 

components present in higher proportions within a horizon 

would distort the measure of similarity. Also the herbage 

mass differences between horizons would complicate the 

interpretation of the results achieved. Consequently in 

Experiment 1 sheep and goat diets were compared only with 

pasture composition within the whole sward and sward 

surface. 

Despite the wide variation in sward conditions created 

in the current study, complete dissociation of the most 

important sward variables were not apparently achieved in 

Experiment 1. As explained in Section 3.5.4.1 some 

attributes of the grazed strata which are important in 

determining diet selection were not described adequately in 

the procedure used to determine the sward surface 

composition. Selection of clover by sheep and goats was 

not entirely explained by the sward variables used in 

Equations 3.2 and 3.3, with substantial additional 

variation in diet selection accounted for the pre-species 

treatments in Phase 1. The depth at which animals position 

their mouths when biting is largely determined by sward 

height (Laca et al., 1992a) and hence a better 

understanding of the mechanisms behind spatial structure of 

the sward components requires knowledge of the determinants 

of choice of grazing location and intensity of utilization 
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by grazers as measured by bite depth, bite area, bite 

volume, grazed stratum bulk density, etc. (Mime, 1991; 

Laca et al., 1994a) . For instance, the concept of a sward 

surface stratum may help to explain the mechanisms of 

vertical selection by sheep and goats but does not consider 

selection for clover in the horizontal plane (i.e. patch 

selection) 

However, the close relationships between percentage of 

clover present on the sward surface and lamb responses 

during Phase 2 in Experiment 2 provided confidence that the 

procedure used to describe the sward surface gave results 

that reflected to some extent the state of the sward as 

perceived by the grazer. However sward height was the most 

important variable in explaining the percentage clover 

consumed by lambs because of the correlation between sward 

height and clover content of the whole sward and sward 

surface. 

5.1.2. Measurement of diet selection. 

Oesophageally fistulated animals are used extensively 

in grazing experiments with domestic animals, although they 

are not extensively yet used in wild herbivores, in the 

measurement of diet selection, herbage intake and bite size 

(McManus, 1981) Gordon (1994) points out the constraints 

of this technique on the basis of (1) requirement for 

surgery (ii) possible biases because of the short time of 

period for collection of samples and the relatively small 

area sampled and (iii) that grazing behaviour of fistulated 

animals may differ from that of intact animals (Coates, 

Schaechenmann and Jones, 1987; Jones and Lascano, 1992) 

However, comparisons by several authors (Forbes, 1982; 

Forbes and Beatty, 1987) showed that there was no reason to 
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suspect any major differences in grazing mechanics between 

fistulated and non-fistulated animals. In using fistulated 

animals, it is crucial to get animals thoroughly trained 

and accustomed to experimental procedures, otherwise the 

results may be biased (Hall and Hamilton, 1975; Vogel, 

Moore and Johnson, 1991). In both experiments the 

fistulated animals had a similar management history, 

nutritional background and body condition to the non-

fistulated animals and there was no reason to suppose that 

the ingestive behaviour of the fistulated and non- 

fistulated animals differed. Therefore, oesophageally 

fistulated animals still provide the most useful technique 

to determine the botanical and chemical composition and 

digestibility of the diet selected by grazing animals. 

5.1.3. Measurement of the herbage intake. 

Mayes et al. (1986) suggested n-alkanes present in 

plant cuticular wax as having potential as internal marker 

for estimating herbage intake. In herbage the n-alkanes 

with 25 to 35 carbon atoms (C25  - C35) have predominantly an 

odd number of carbon atoms, while those with an even number 

of carbon atoms are present only in small quantities. This 

allows the possibility of making accurate estimates of the 

recoveries of odd-chain length alkanes in each animal by 

dosing with exogenous even-chain length alkanes (Mayes et 

al., 1986; Dove and Mayes, 1991). A known amount of an 

even chained n-alkanes (e.g. C32) is dosed to the animal, 

for example in an impregnated paper pellet (Mayes et al, 

1986; Dove and Mayes, 1991) . Feed intake prediction 

depends on equal recoveries of the dosed alkane (C32) and 

its naturally occurring odd-chain alkane (e.g. C30. Mayes 

et al. (1986) tested the basic methodology of the technique 

in sheep fed with cut herbage in an indoor trial and the 
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C32/C33  alkane pair gave remarkably good estimates of 

herbage intake. C34  alkane is added as an internal standard 

to the freeze-dried samples collected. Samples are 

saponificated and extracted through silica gel columns to 

leave alkanes in the eluate. Finally, the n-alkanes in the 

hydrocarbon fraction are analysed by gas-liquid 

chromatography. 

The advantages of this technique are that assuming 

similar recoveries for odd and even-chain alkanes of 

similar chain length, administration of known quantities of 

even-chain alkanes allows calculation of herbage alkane 

recovery and allows accurate intake estimation without the 

need for faecal output determination. Estimates of herbage 

intake in grazing animals have traditionally been made from 

measurements of faecal output and digestibility. Faecal 

output has been measured directly by total collection 

(Langlands, 1975) or by the dilution of a dosed 

indigestible marker such as chronic oxide (Parker, Morris, 

Garrick, Vincent and McCutcheon, 1990). The n-alkanes does 

not require an independent determination of the 

digestibility of the diet consumed, nor does it rely on the 

quantitative recovery of a dosed marker. Also biases in the 

estimates of herbage, faecal and dosed n-alkanes 

concentration would lead to proportional biases in the 

estimate of intake but would have no effect on precision 

(Vulich, O'Riordan and Hanrahan, 1991). A representative 

sample of the herbage consumed is still required, however, 

to allow measurement of the n-alkane concentration and this 

still represents a major limitation. 

Other potential problems may arise as the technique 

requires: 

- to have the naturally occurring n-alkane (usually 

C33) in sufficient concentration in all the forage species 



present in the pasture. 

- no diurnal variation in faecal alkane concentration 

or that the dosed and natural alkane concentration in the 

faeces vary diurnally in a similar manner. Mayes et al. 

(1986) failed to show any cyclical pattern of changes in 

the odd:even chain alkane ratio through the day. If that 

occurred, the practical solution for intake estimation in 

the field might involve twice daily dosing or a form of 

pellet from which the alkanes were less readily released. 

- to have the same faecal recoveries of both the dosed 

and natural n-alkanes used in the estimation of intake. 

- a 5-6 day period of dosing alkanes to allow the 

faecal concentration of dosed alkane to reach equilibrium 

as reported by Mayes et al. (1986). 

- a relatively slow dispersion of dosed alkanes as 

Dove and Mayes (1991) saw that dosed alkanes are likely to 

be more available for microbial attack and show less 

complete recovery than herbage alkanes. This is due to the 

fact that dosed alkanes follow the liquid phase in the 

digestive tract while herbage alkanes tend to be associated 

with the solid phase. 

- freeze-drying during the sample preparation instead 

of oven-drying. There is evidence that the direct 

saponification procedure does not always eliminate the loss 

of alkanes associated with oven-drying (Lamb and Mayes, 

unpublished data). In this respect, Dove and Mayes (1991) 

suggested further research on the effects of different 

drying temperatures and their interaction with sample type. 

Care must also be taken in the laboratory analysis to 

identify any contamination, fractionation or extraction 
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problems (Hayes, personal communication) . He recommends 

duplication of extractions, the running of quality control 

samples through complete analysis to allow contrasting 

results when appropriate, to aim for well-separated 'good' 

shaped peaks on the resulting gas-liquid chromatogram and 

to run gas-liquid chromatographic analysis under isothermal 

conditions to eliminate problems associated with 

temperature (Hayes, personal observation). 

Dove and Mayes (1991) and Mayes (personal 

communication) suggests further applications of this 

technique in the measurement of a)- diet composition in 

ruminants, b)- intake and diet composition in monogastric 

herbivores such as pigs and horses and in wild hervibores, 

c)- digesta flow rates and rate of passage. 

5.2. Effects of animal species on sward composition. 

Swards are characterised not only by vertical 

distribution of the preferred components but also by their 

horizontal distribution (Milne, 1991) and as seen in 

Experiment 1 there were differences on sward composition 

between areas differing on mean sward surface heights 

across animal species treatments and that affected the 

proportion of clover consumed by sheep and goats. Cattle-

grazed swards resulted on higher clover contents than 

sheep- and goat- grazed swards and this was mainly related 

with higher proportion of clover on the short and tall 

sward areas and particularly with higher clover masses on 

the tall sward areas. It seemed likely that the greater 

patchiness developed under cattle grazing allow clover to 

be laxly grazed in the more rejected areas (taller areas) 

Laca et al. (1994a) pointed out that no single 
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relationship between average foraging strategy behaviour 

and average pasture characteristics can be expected, unless 

the pastures are completely homogeneous or their 

heterogeneity is controlled across changes in availability. 

Therefore, treatment of different sward areas as patches 

within the sward could be an useful approach to 

interpreting and predict more accurately the possible 

effects of the distribution of clover on the grazing 

behaviour of the animals. 

Goat-grazed swards had higher clover contents than 

sheep-grazed swards in Experiment 2 and in Phase 2 of 

Experiment 1. But this did not occur in Phase 1 of 

Experiment 1. This may have been due to seasonal 

variations and sward height effects on the availability of 

clover in the sward to the grazer. During Phase 1 of the 

Experiment 1, clover may have not occupied a higher 

position in the sward canopy because its growth may have 

been limited by non-favourable environmental conditions 

since temperatures were lower than average. This 

highlights the potential importance of interaction between 

animal species, sward conditions such as height and 

environmental factors. 

5.3. Implications for management. 

Most experiments on mixed grazing have been conducted 

with no consideration given to sward conditions and it is 

not possible to predict whether any benefit would be gained 

under a different set of circumstances (Nolan et al., 

1993). A fixed sward state allowed more efficient control 

of the material harvested as a proportion of that grown 

rather than using a traditional stocking rate approach 

(Nolan and Connolly, 1977). 
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With single animal species grazing, the optimum sward 

height tends to be a compromise between maximising 

individual animal intake in terms of quantity and avoiding 

a decline in nutritive value due to flowering of grass 

tillers. In the current study, the between-sward height 

treatment differences in grazing pressure produced 

different changes in sward structure and this may affect 

the balance of grass/clover in the sward. Furthermore, the 

availability of pasture as influenced by sward height was 

one of the main determinants of the different animal 

performances achieved in Experiment 2. 

Information on the effects of sward height under sheep 

grazing is limited to a small range of heights. Several 

authors (Bircham and Hodgson, 1983; Grant et al., 1983; 

Clarke and Harris, 1985; Parker and McCutcheon, 1992) 

reported increases in the variability of sward surface 

heights on sheep-grazed swards with a mean sward surface 

height above 6 cm associated with increment flower-stem. 

Maxwell and Treacher (1987) recommended a sward height of 

6 cm under continuous sheep grazing which maximize pasture 

use. 

Cattle, on the other hand, were seen by Wright and 

Whyte (1989) to have lower live weight gains at swards in 

excess of 8 cm. This was related to a decrease in 

digestibility of the herbage and an increasingly 'patchy' 

appearance of the sward. They recommended a sward height 

of 6-8 cm to be achieved as soon as possible in spring and 

maintained at no more than 8 cm until midsummer to avoid 

seed head development. Cattle-grazed swards at 6 cm in 

Experiment 1 maintained a leafy sward with high clover 

contents during the grazing season. 

This work also helps in identifying how best to 

integrate goats into grazing systems on sown swards. With 



goats there is currently little information on the 

mechanics of their feed intake but the intake of female and 

yearling castrated male goats appeared to increase linearly 

with sward height from 3 to 11 cm (Bown et al., 1989) while 

Merchant and Riach (1994) suggested a sward height of 6 cm 

to be a reasonable minimum for goat production. As goats 

are shallower grazers than sheep and cattle (Gong et al., 

1993), they are more sensitive to changing sward height 

(Collins, 1989) 

There is little information available on the 

interaction between animal species (sheep, cattle and 

goats) and sward height and, as seen above, since the 

functional response differs between animal species, an 

interaction is likely to occur. Thus, as the current study 

suggested, it may be possible to bring about advantageous 

changes in sward structure and productivity to benefit a 

particular animal species or class of livestock across 

different sward heights at particular times of year. Prior 

grazing by cattle or goats may benefit subsequent lamb 

performance because of increased clover content of the 

sward. 

In summer, when mean temperatures are above 12 °C, 

clover has a competitive advantage over grass as seen by 

Marriott and Grant (1990) and allowing the swards grazed 

either by cattle or goats to have a period of release from 

grazing where swards could reach a higher sward height of 

8 cm would be advantageous, as seen in Experiment 2, to 

earlier finishing of lambs. 

Finally, the concept of sequential grazing of several 

ruminant species may offer opportunity to reduce dependence 

on pharmaceutical products for parasite control. Since 

cattle are susceptible to different internal parasites that 

sheep and goats the implications of mixing these animal 
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species on parasite burden needs to be considered (Blood, 

Henderson and Radostits, 1979). It could aid considerably 

in reducing cross transmitted infection of parasitism and 

cattle grazing may possibly 'clean' pasture in a lamb 

production system (Thomson and Power, 1991) 

5.4. Future research directions. 

This study has shown the need for improving our 

understanding on low input grasslands of how the 

distribution of clover in both the vertical and horizontal 

plane of the sward determines its selection by ruminants. 

Sampling techniques in foraging behaviour studies have 

traditionally not assessed the sward canopy structure. The 

results presented here indicated the need for further study 

of the influence of vertical and horizontal distribution of 

clover in mixed and patchy sown swards with ryegrass. This 

would lead to a greater understanding of the role of clover 

in improving the efficiency of use of low input grasslands 

for animal production. 

Also, determining the effect of location of clover in 

the sward could aid the development of management 

strategies to encourage the persistence of clover in 

grass-clover swards. Furthermore, it could help in 

designing selection programmes to achieve clover varieties 

with appropriate morphological characteristics, influencing 

the mechanisms involved in plant competitive relationships 

to enable a better plant species balance in sown swards to 

be achieved. 

Additionally, the use of grass/clover swards as a 

model system for measuring the potential benefits of 

sequential grazing by different animal species at several 
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sward height treatments and sward structures could help 

develop research of animal and sward responses to 

sequential grazing on a larger scale using semi-natural 

vegetation systems where there are wider differences in 

nutritive value and feeding behaviour between vegetation 

types. 
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CHAPTER 6 

CONCLUSIONS 

As a result of different ingestive behaviour of the 

different animal species used on grass/clover swards at 

different sward surface heights, different sward canopy 

structures developed and the balance in the ryegrass/white 

clover within the whole sward and on the sward surface was 

altered. In both experiments the differences in ryegrass 

and white clover composition were greater in the upper 

layers of the sward and this helped to explain the 

different proportion of clover selected by sheep and by 

goats and the differences in their performance. 

In Experiment 1, the major effect of cattle grazing 

was to increase the clover component in pastures compared 

to goat and sheep grazing. Consequently, a higher 

proportion of clover was eaten by sheep but not necessarily 

by goats. Subsequent grazing by goats further increased 

the clover available, especially on the sward surface, when 

compared to subsequent grazing by sheep and this was 

associated with higher stock-carrying capacities. 

Differences in the distribution of pasture height 

measurements between pre-species and species treatments in 

Experiment 1 and between species treatments in Experiment 

2 may suggest that sheep, goat and cattle grazed at 

different vertical positions in the sward. In particular, 

sheep and goats both seemed to consume and avoided 
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respectively more clover from tall areas of the sward than 

from medium and short areas. 

Although goats may avoid clover its ingestion in 

Experiment 1 was regulated by the canopy structure. During 

Experiment 2, this apparent rejection of clover produced 

a greater increase in clover in goat-grazed swards than in 

sheep grazed swards. Therefore weaned lambs had a higher 

proportion of clover in their diets, higher diet 

digestibility, higher herbage intakes and gained weight 

faster on pastures conditioned by goat grazing. 

Sward height treatments also had an effect on animal 

performance. The goats', ewes' and lambs' live weight gains 

were found to be higher at 8 cm sward height treatment than 

at 4 cm height treatment and this was correlated with 

higher green leaf mass (grass plus clover material) present 
in the 8 cm sward height treatment. In the middle of 
summer, a later period of release from grazing, allowing 

the sward to grow from 4 cm to 8 cm sward height, increased 

the white clover content of the sward and weaned lambs 

which subsequentially grazed these swards had more clover 

in their diet and achieved higher intake and live weight 

gains than from swards maintained at 4 cm or at 8 cm sward 
height. 

It can be concluded, that the appropriate choice of 

animal species used sequentially and managed at an optimal 

mean sward surface height provides a means of modifying the 

botanical composition and structure of grass/clover swards 

to benefit grass-clover balance and consequently favour 

subsequential lamb performance, but further research is 

required on the influence of vertical and horizontal 

distribution of plant components in swards before the diet 

selection and herbage intake of grazing animals can be 
predicted with confidence. 

303 



REFERENCES 

AFRC (1993). Energy and protein reqizirements of ruminants. 

An advisory manual prepared by the AFRC Technical 

committee on responses to nutrients. CAB 

International, Wallingford, UK. 

AIDE, T.N. (1993). Patterns of leaf development and 

herbivory in a tropical understorey community. 

Ecology, 74:455-466. 

ALAN, M.R.; POPPI, D.P. and SYKES, A.R. (1991). 

Comparative energy and protein utilization in kids and 

lambs. Journal of Agricultural Science, Cambridge, 

117:121-127. 

ALERIGHT, J.L. (1993). Nutrition, feeding, and calves. 

Journal Dairy of Science, 76:485-498. 

ALDER, F.E.; COWLISHAW, S.J.; NEWTON, J.E. and CHAMBERS, 

W.T. (1967). The effects of level of nitrogen 

fertiliser on beef production from grazed perennial 

ryegrass/white clover pastures. I. An irrigation 

experiment. Journal of the British Grassland Society, 

22:194-203. 

ALEXANDER, R.H. and McGOWAN, N. (1966). The routine 

determination of the in vitro digestibility of 

organic matter in forages. An investigation of the 

problems associated with continuous large scale 

operation. Journal of the British Grassland Society, 

21:140-147. 

304 



ALLDEN, W.G. and T,JHITTAXER, I .A.McD. (1970). The 

determinants of herbage intake by grazing sheep: the 

interrelationship of factors influencing herbage 

intake and availability. Australian Journal of 

Agricultural Research, 21:755-766. 

ALLISON, C. D. (1985). Factors affecting forage intake by 

range ruminants: A review. Journal of Range 

Management, 38:305-311. 

ANDERSON, E .W. and SCHERZINGER, R. J. (1975). Improving 

quality of winter forage for elk by cattle grazing. 

Journal of the Range Management, 28:120-125. 

ANDERSON, D.M.; SMITH, J.N. and IIULET, C.V. (1985). 

Livestock behaviour - The neglected link in 

understanding the plant-animal interface. In: 

Proceedings of a Conference on multispecies grazing. 

Winrock International, Arkansas, USA. pp.  116-148. 

ARIAS, J.E.; DOUGHERTY, C.T.; BRADLEY, NW.; CORNELIUS, 

P.L. and LAURIAULT, L.M. (1990). Structure of tall 

fescue swards and intake of grazing cattle. Agronomy 

Journal, 82:755-766. 

ARMSTRONG, R.H. and MILNE, J.A. (1993). Nutritional 

value of pastures and rangelands. Icelandic 

agricultural sciences, 1:37-43. 

ARMSTRONG, R.H.; ROBERTSON, E.; LAMB, C.S.; GORDON, I.J. 

and ELSTON, D. (1993). Diet selection by lambs in 
ryegrass/clover swards differing in horizontal 

distribution of clover. In: Proceedings of the XVIIth 

International Grassland Congress, New Zealand, 

Session 18. p.  715 

305 



ARNOLD, G.W. (1970). Regulation of food intake in grazing 

ruminants. In: Physiology of Digestion and Metabolism 

in the Ruminant, (ed. Phillipson, A.T.). London: 

Oriel Press. pp.  264-276. 

ARNOLD, G.W. (1981). Grazing behaviour. In: Grazing 

Animals, World Animal Science, Volume Bi. (ed. Morley, 

F.). Amsterdam : Elsevier. pp. 79-104. 

ARNOLD, G.W. (1987). Influence of the biomass, botanical 

composition and sward height of annual pastures on 

foraging behaviour by sheep. Journal of Applied 

Ecology, 24:759-772. 

ARNOLD, G.W. and DUDZINSKI, M.L. (1978). Ethology of free 

ranging domestic animals. Elsevier, New York. 

ARNOLD, G.W.; McMANTJS, W.R.; BUSH, I .G. and BALL, J. 

(1964). The use of sheep fitted with oesophageal 

fistulae to measure diet quality. Australian Journal 

of Experimental Agriculture and Animal Husbandry, 

4:71-79. 

AROsTEGtrf, J.C. (1982). The dynamics of herbage production 

and utilization in swards grazed by cattle and sheep. 

Thesis. Ph. D. University of Edinburgh, UK. 

AROSTEGUY, J..C.; HODGSON, J.; SOUTER, W. J. and BARTHRAX4, 

G.T. (1983). Herbage growth and utilisation on swards 

grazed by cattle and sheep. In: Efficient Grassland 

Farming. Proceedings of the IXth general Meeting of 

the European Grassland Federation (ed. Corral, A.J.), 

British Grassland Society. Occasional Symposium 

N0.14, Reading. pp. 151-158. 

AUCANP, A.J.; DANCKWERTS, J.E. and TAINTON, N.M. (1986). 

306 



Management of integrated grass/browse systems in semi- 

arid South African savannas. In: Rangelands: A 

resource under seige (eds. Joss, P.J.; Lynch, P.W. and 

Williams, O.B.) . Australian Academic Science, 

Canberra. 

BARNES, T.G.; HEITSCm1IDT, R.K. and VARNER, W. (1991). 

Wildlife. In: Grazing Management. An Ecological 

Perspective (eds. Heitschmidt, R.K. and Stuth, J.W.). 

Timber Press, Inc. Portland, Oregon. pp. 179-190. 

BARRY, T.N. and BLANEY, B.J. (1987). Secondary compounds 

of forages. In: The Nutrition of Herbivores (eds. 

Hacker, J. and Ternouth, J.) . Sydney: Academic Press. 

pp. 91-119. 

BARTHR.AN, G.T. (1981). Sward structure and depth of the 

grazed horizon. In: Proceedings of the British 

Grassland Society Winter Meeting. Grass and Forage 

Science, 36:130-131. 

BARTHRAI4, G.T. (1986). Experimental techniques: the HFRO 

sward stick. In: HFRO Biennial Report 1984-85, pp. 29-

30. 

BARTHR.AM, G.T. (1992). New equipment for determining the 

vertical distribution of herbage mass in pasture. 

Third Research Conference of the British Grassland 

Society. Antrim, Northern Ireland. pp.  17-18. 

BARTHRA.M, G.T. and GRANT, S.A. (1984). Defoliation of 

ryegrass-dominated swards by sheep. Grass and Forage 

Science, 39:211-219. 

BARTHRAN, G.T. and GRANT, S.A. (1994). The effects of 

management and plant variety combination on the 

307 



composition, vertical structure and stock carrying 

capacity of Lolium perenne-Trifolium repens pastures. 

Grass and Forage Science (in press). 

BARTHRAI4, G.T.; GRANT, S.A. and ELSTON, D.A. (1992). The 

effects of sward height and nitrogen fertilizer 

application on changes in sward composition, white 

clover growth and the stock carrying capacity of an 

upland perennial ryegrass/white clover sward grazed by 

sheep for four years. Grass and Forage Science, 

47:326-341. 

BAZELY, D.R. (1990). Rules and cues used by sheep foraging 

in monocultures. In: Behavioural mechanisms of food 

selection (ed. Hughes, R.N.). Springer-Verlag, 

Berlin . 
pp. 343-368. 

BELL, R.H.V. (1969). The use of the herbaceous layer by 

grazing ungulates in the Serengeti National Park, 

Tanzania. PhD. Thesis. University of Manchester. 

BELL, R.H.V. (1970). The use of the herb layer by grazing 

ungulates in the Serengeti. In: Animal populations in 

relation to their food resources (ed. Watson, A.). 

Symposium of the British Ecological Society N. 10. 

Blackwell Scientific, Oxford, England.  pp. 111-123. 

BELL, R.H.V. (1971). A grazing ecosystem in the Serengeti. 

Scientific American, 224:86-93. 

BELOVSKY, G.E. (1978). Diet optimization in a generalist 

herbivore: The moose. Theoretical Population 

Biology, 14:105134. 

BELOVSKY, G.E. (1986). Optimal foraging and community 

structure: implications for a guild of generalist 

WN 



grassland herbivores. Oecologia, 70:35-52. 

BETTERIDGE, K. and LAMBERT, G. (1985). Weed control and 

the nutrition of goats. Proceedings of a course in 

goat husbandry and medicine. Massey University, New 

Zealand. pp.  41-47. 

BIRCHAN, J.S. (1981). Herbage growth and utilization under 

continuous stocking management. Thesis. Ph. D. 

University of Edinburgh, UK. 

BIRCHAN, J.S. and HODGSON, J. (1983). The influence of 

sward condition on rates of herbage growth and 

senescence in mixed swards under continuous stocking 

management. Grass and Forage Science 38:323-331. 

BIRCHAN, J.S. and HODGSON, J. (1984). The effects of 

change in herbage mass on rates of herbage growth and 

senescence in mixed swards. Grass and Forage Science, 

39:565-578. 

BIRRELL, H.A. (1989). The influence of pasture and animal 

factors on the consumption of pasture by grazing 

sheep. Australian Journal of Agricultural Research, 

40:1261-1275. 

BISHOP, J. P. and FROSETH, J.A. (1970). Improved techniques 

in oesophageal fistulation of sheep. American Journal 

of Veterinary Research, 31:1505-1525. 

BLACK, J.L. (1990). Nutrition of the grazing ruminant. 

Proceedings of the New Zealand Society of Animal 

Production, 50:7-27. 

BLACK, J.L. and KENNEY, P.A. (1984). Factors affecting diet 
selection by sheep. II. Effects of height and density 

309 



of pasture. Australian Journal of Agricultural 

Research, 35:565-578. 

BLACK, J.L.; KENNEY, P .A. and COLEBROOK, W. F. (1987). Diet 

selection by sheep. In: Temperate pastures; Their 

production, use and management (eds. Wheeler, J.; 

Pearson, C. and Robards, G.) . Australian Wool 

Corporation/CSIRO, Melbourne. pp.  331-334. 

BLANKENSHIP, L.H. and OVERTON, S .A. (1974). Resource 

management on a Kenya ranch. Journal of the South 

African Wildlife Management Association, 4:185-190. 

BLOOD, D.C.; HENDERSON, J.A. and RADOSTITS, O.M. (1979). 

Veterinary medicine. A textbook of the diseases of 

cattle, sheep, pigs and horses. Bailliere Tindall, 

London. 

BOSWELL, CC.; CRANSHAW, L.J. (1978). Mixed grazing of 

cattle and sheep. Proceedings of the New Zealand 

Society of Animal Production, 28:116-120. 

BOWN, M.D.; McCALL, D.G.; SCOTT, M.L.; WATSON, T.G. and 

DOW, B.W. (1989). The effect of integrated grazing of 

goats, sheep and cattle on animal productivity and 

health on high-producing hill country pastures. 

Proceedings of the New Zealand Society of Animal 

Production, 49:165-169. 

BRINK, G.E. and PEDERSON, G.A. (1993). White clover 

response to grazing method. Agronomy Journal, 

85:791-794. 

BRISENO de ].a HOZ, V.M. and WILMAN, D. (1981). Effects of 

cattle grazing, sheep grazing, cutting and sward 

height on a grass-white clover sward. Journal of 

310 



Agricultural Science, Cambridge, 97:699-706. 

BRISKE, D.D. (1986). Plant response to defoliation: 

morphological considerations and allocation 

priorities. In: Rangelands: A resource under siege 

(eds. Joss, P.J.; Lynch, P.W. and Williams, O.B.). 

Cambridge University Press. pp.  425-427. 

BRISKE, D.D. (1989). Vegetation dynamics in grazed systems: 

an hierarchical perspective. In: Proceedings of the 

XVlth International Grassland Congress, Nice, France. 

pp. 1829-1833. 

BRISKE, D.D. (1991). Developmental morphology and 

physiology of grasses. In: Grazing management. An 

ecological perspective (eds. Heitschmidt, R.K. and 

Stuth, J.W. ). Timber Press, Inc. Portland, Oregon. pp. 

85-108. 

BRISKE, D.D. and HEITSCHMIDT, R.K. (1991). An ecological 

perspective. In: Grazing management. An ecological 

perspective (eds. Heitscbmidt, R.K. and Stuth, J.WJ. 

Timber Press, Inc. Portland, Oregon. pp.  11-26. 

BROCK, J.L.; CABADUS, J.R. and HAY, M.J.M. (1989). Fifty 

years of white clover research in New Zealand. 

Proceedings of the New Zealand Grassland Association, 

50:25-39. 

BROCK, J.L. and FLETCHER, R.H. (1993). Morphology of 

perennial ryegrass (Lolium perenne) plants in pastures 

under intensive sheep grazing. Journal of Agricultural 

Science, Cambridge, 120:301-310. 

BROCK, J.L.; HAY, M.J.M.; THOMAS, V.J. and SEDCOLE, J.R. 

(1988). Morphology of white clover (Trifoliurn repens 

311 



L.) plants in pastures under intensive sheep grazing. 

Journal of Agricultural Science, Cambridge, 111:273-

283. 

BROUGHAM, R.W. (1962). The leaf growth of Trifoliurn repens 

as influenced by seasonal changes in the light 

environment. Journal of Ecology, 50:449-459. 

BROUGHAM, R.W.; BALL, P.R. and WILLIAMS, W.M. (1978). The 

ecology and management of white clover-based pastures. 

In: Plant relations in pastures (ed. Wilson, J.R.). 

CSIRO. pp. 309-324. 

BURLINSON, A.J. (1987). Sward canopy structure and 

ingestive behaviour in grazing animals. Thesis. Ph. D. 

University of Edinburgh, UK. 

BURLISON, A.J. and HODGSON, J. (1985). The influence of 

sward structure on the mechanics of the grazing 

process in sheep. Animal Production, 40:530-582. 

BULISON, A.J.; HODGSON, J. and ILLIUS, A.W. (1991). Sward 

canopy structure and the bite dimensions and bite 

weight of grazing sheep. Grass and Forage Science, 

46:29-48. 

BUSSO, C .A.; MUELLER, R.J. and RICHARDS, J.H. (1989). 

Effects of drought and defoliation on bud viability in 

two caespitose grasses. Annals of Botany, 63:477-485. 

CALDWELL, M.M.; RICHARDS, J.H.; JOHNSON, D.A.; NOWAK, R.S. 

and DZUREC, R.S. (1981). Coping with herbivory: 

Photosynthetic capacity and resource allocation in two 

semiarid Agropyron bunchgrasses. Oecologia, 50:14-24. 

CALDWELL, M.M.; RICHARDS, J.H.; MANWARING, J.H. and 

312 



EISSENSTAT, D.M. (1987). Rapid shifts in phosphate 

acquisition show direct competition between 

neighbouring plants. Nature, 327:615-616. 

CARPDUS, J.R.; PXNXTERHUIS, J.S.; HAY, R.J.M.; LYONS, T. 

and HOGLTJND, J.H. (1993). Response of white clover 

cultivars to fertiliser nitrogen. New Zealand Journal 

of Agricultural Research, 36:285-295. 

CASEY, M.J.; LUCAS, R.J. and STEVENS, D.R. (1993). 

Vertical distribution of botanical components in four 

pasture mixtures grazed solely by goats. In: 

Proceedings of the XVllth International Grassland 

Congress, New Zealand, Session 21. pp.  882-883. 

CHACON, E. and STOBBS, T.H. (1976). Influence of 

progressive defoliation of a grass sward on the eating 

behaviour of cattle. Australian Journal Agricultural 

Research, 27:709-727. 

CHESTNUTT, D.M.B. (1990). Effect of sward height on the 

productivity of grass/clover and nitrogen fertilized 

grass swards continuously grazed by sheep. In: New 

Development in Sheep Production. Occasional 

Publication No. 14, British Society of Animal 

Production (eds. C.F.R. Stade and T.L.J. Lawrence). 

pp. 125-128. 

CHESTNUTT, D.M.B. (1992). Effect of sward surface height 

on the performance of ewes and lambs continuously 

grazed on grass/clover and nitrogen-fertilized grass 

swards. Grass and Forage Science, 47:70-80. 

CLARK, D.A. (1987). Diet selection from grass-clover 

pastures. Proceedings of the IVth Asian -Australasian 

Association of Animal Production Societies Animal 

313 



Science Congress. p.171. 

CLARK, D.A. and HARRIS, P.S. (1985). Composition of the 

diet of sheep grazing swards of differing white clover 

content and spatial distribution. New Zealand Journal 

of Agricultural Research, 28:233-240. 

CLARK, D.A. and HODGSON, J. (1986). Discrimination by 

sheep between swards of differing white clover 

content. Animal Production, 42:456. Abstract. 

CLARK, D.A.; HODGSON, J.; ROBERTSON, E. and BARTHRAN, G.T. 

(1985). Diet selection by sheep and cattle from mixed 

grass/clover swards. In: HFRO Biennial Report 1984- 

85. p.28. 

CLARK, D.A. and LAMBERT, M.G. (1989). The role of goats in 

New Zealand hill country farming. In: Proceedings of 

the XVIth International Grassland Congress, Nice, 

France. pp.1359-1360. 

CLARK, D.A.; LAMBERT, M.G..; ROLSTON, M.P. and DYMOCK, N. 

(1982). Diet selection by sheep and goats on hill 

country. Proceedings of the New Zealand Society of 

Animal Production, 42:155-157. 

CLARK, D.A.; ROLSTON, M.P.; LAMBERT, M.G. and BUDDING, P.J. 

(1984). Pasture composition under mixed sheep and goat 

grazing on hill country. Proceedings of the New 

Zealand Grasslands Association, 45:160-166. 

CLUTTON-BROCK, T. H. and HARVEY, P .H. (1983). The 

functional significance of variation in body size 

among mammals. In: Advances in the study of mammalian 

behaviour (eds. Eisenberg, J.F. and Kleiman, D.G.). 

Special publication No. 7. American Society of 

314 



Marnmologists. pp.  632-663. 

COATES, D.B,; SCHAECHENMANN, P. and JONES, R.J. (1987). 

Reliability of extrusa samples collected from others 

fistulated at the oesophagus to estimate the diet of 

resident animals in grazing experiments. Australian 

Journal of Experimental Agriculture, 27:739-745. 

COLEBROOK, W.F.; BLACK, J.L. and KENNEY, P.A. (1985). 

Effects of sensory factors on diet selection by sheep. 

Proceedings of the Nutrition Society of Australia, 

10:99-102. 

COLEBROOK, W.F.; BLACK, J.L. and KENNEY, P.A. (1987). A 

study of factors influencing diet selection by sheep. 

In: Herbivore Nutrition Research (ed. Rose, M.). 

Australian Society Animal Production, Brisbane. pp. 85-

86. 

COLEBROOK, W.F.; BLACK, J.L.; PURSER, D..B.; COLLINS, W.F. 

and ROSSITER, R.C. (1990a). Factors affecting diet 

selection by sheep. V. Observed and predicted 

preference ranking for six cultivars of subterranean 

clover. Australian Journal Agricultural Research, 

41:957-967. 

COLEBROOK, W.F.; LYNCH, J. J., BLACK, J.L. and BAKER, P.J. 

(1990b). Predicted and observed diet selection and 

grazing behaviour by sheep. Proceedings of the 

Nutrition Society of Australia, 15:141. 

COLLINS, H.A. (1989). Single and mixed grazing of cattle 

sheep and goats. Thesis. Ph.D. University of Lincoln, 

New Zealand. 

COLLINS, H.A. and NICOL, A.M. (1986). The consequences for 

315 



feed dry matter intake of grazing sheep, cattle and 

goats to the same residual herbage mass. Proceedings 

of the New Zealand Society of Animal Production, 

46:125-128. 

COLLINS, H.A. and NICOL, A.M. (1987). Diet selection 

differences between sheep, cattle and goats grazed on 

similar swards. Proceedings of the IVth Asian- 

Australasian Association of Animal Production 

Societies Animal Science Congress. p.172. 

COLLINS, W.B. and T.mNESS, P.J. (1983). Feeding behaviour 

and habitat selection of mule deer and elk on northern 

Utah summer range. Journal of Wildlife Management, 

47:646-663. 

CONNOLLY, V. (1993). Re-examining the role of white clover. 

Farm & Food. pp. 4-5. 

CONNOLLY, J..; NOLAN, T.; DIONE, M. and SALL, C. (1993). 

Grazing by sheep, goats or cattle and regeneration of 

woody species in a semiarid environment. In: 

Proceedings of a FAO-CIHEAM-EC Meeting on Sheep and 

Goat Nutrition. Thessaloniki, p.31. 

COPPOCK, D.L.; ELLIS, J.E. and SWIFT, D.M. (1986). 

Livestock feeding ecology and resource utilization in 

a nomadic pastoral ecosystem. Journal of Applied 

Ecology, 23:573-583. 

CORDOVA, F.R.; WALLACE, J.D. and PIEPER, R.D. (1978). 

Forage intake by grazing livestock: A review. 

Journal of Range Management, 31:430-438. 

CRAWLEY, M. (1983). Herbivory: The dynamics of animal-plant 

interactions. Blackwell Scientific Publications, 

316 



Oxford. 

CRUICKSENAK, D.P.; POPPI, D.P. and SYKES, A.R. (1984). 

Influence of age of early weaned lambs on intake, 

digestibility and retention time of clover hay. 

Proceedings of the New Zealand Society of Animal 

Production, 44:113-115. 

CULLETON, N. (1988). Autumn management: How does it 

affect grass growth in Spring? Farm and Food 

Research. An Foras Taluntais. 

CULLETOW, N. and LEMAIRE, G. (1985). Early closing in 

autumn gives early grazing in spring. Farm and Food 

Research. An Foras Taluntais. 

CURLL, H.L. and DAVIDSON, J.L. (1983). Defoliant and 

productivity of a Phalaris-subterranean clover sward, 

and the influence of grazing experience on sheep 

intake. Grass and Forage Science, 38:159-167. 

CURLL, M.L. and WILKINS, R.J. (1980). The relationship 

between selective grazing by sheep and the botanical 

composition of a grass/clover sward. In: European 

Grassland Federation General Meeting Proceedings, 

Forage Production Under Marginal Conditions, pp. 7.17-

7.23. 

CURLL, M.L. and WILKINS, R.J. (1982). Frequency and 

severity of defoliation of grass and clover by sheep 

at different stocking rates. Grass and Forage 

Science, 37:291-298. 

CURLL, M.L. and WILKINS, R.J. (1983). The comparative 

effects of defoliation, treading and excreta return on 

a Loliurn perenne-Trifoliurn repens pasture grazed by 

317 



sheep. Journal of Agricultural Science, Cambridge, 

100:451-460. 

CURLL, M.L. and WILKINS, R.J. (1985). The effect of 

cutting for conservation on a grazed perennial 

ryegrass-white clover pasture. Grass and Forage 

Science, 40:19-30. 

CURLL, M.L.; WILKINS, R.J.; SNAYDON, R.W. and 

SHANNTJGALINGAI'I, V.S. (1985a). The effects of stocking 

rate and nitrogen fertilizer on a perennial ryegrass-

white clover sward. 1. Sward and sheep performance. 

Grass and Forage Science, 40:129-140. 

CURLL, M.L.; WILKINS, R.J.; SNAYDON, R.W. and 

SEANNUGALINGN, V. S. (1985b). The effects of stocking 

rate and nitrogen fertilizer on a perennial ryegrass-

white clover sward. 2. Subsequent sward and sheep 

performance. Grass and Forage Science, 40:141-149. 

DAVIES, A. (1971). Changes in growth rate and morphology 

of perennial ryegrass swards at high and low nitrogen 

levels. Journal of Agricultural Science, Cambridge, 

77:123-134. 

DAVIES, A. (1977). Structure of the grass sward. In: 

Proceedings of an International Meeting on Animal 

Production from Temperature Grassland (ed. Gilsenan, 

B.). Dublin: An Foras Taluntais. pp 36-44. 

DAVIES, A. (1988). The regrowth of grass swards. In: The 

grass crop: The physiological basis of production 

(eds. Jones, M.B. and Lazenby, A.). Chapman and Hall 

Ltd, London, UK. pp.  85-117. 

DAVIES, A. (1989). The structure of the grass/clover sward 

318 



and its implications in sward management. In: 

Proceedings of the XVIth International Grassland 

Congress, Nice. France, No 2:1065-1066. 

DAVIES, A. (1992). White clover. Biologist, 39:129-133. 

DAVIES, A. and EVANS, N.E. (1990). Axillary bud 

development in white clover in relation to defoliation 

and shading treatments. Annals of Botany, 66:349-357. 

DAVIES, A.; EVANS, M.E. and ESLEY, J.K. (1983). Regrowth 

of perennial ryegrass as affected by simulated leaf 

sheaths. Journal of Agricultural Science, Cambridge, 

101:131-137. 

DAVIES, A. and EVANS, W. (1986). The role of improved 

grass and clover varieties in lamb production. In: 

Science and Quality Lamb Production (ed. Hardcastle, 

J.E.YJ. London. Agricultural and Food Research 

Council. pp. 18-20. 

DAVIES, A. and THOMAS, H. (1983). Rates of leaf and tiller 

production in young spaced perennial ryegrass plants 

in relation to soil temperature and solar radiation. 

Annals of Botany, 57:591-597. 

DAVIES, D.A.; FOTHERGILL, N. and JONES, D. (1989). 

Assessment of contrasting perennial ryegrass, with and 

without white clover, under continuous sheep stocking 

in the uplands. 2. The value of white clover for lamb 

production. Grass and Forage Science, 44:441-450. 

DAVIES, D.A.; FOTHERGILL, M. and MORGAN, C .T. (1992). 

Assessment of contrasting perennial ryegrass, with and 

without clover, under continuous sheep stocking in the 

uplands. 4. Animal performance in years 4-6. Grass 

319 



and Forage Science, 47:249-258. 

DEENEN, P.J.A.G. and MIDDELKOOP, N. (1992). Effects of 

cattle dung and urine on nitrogen uptake and yield of 

perennial ryegrass. Netherlands Journal of 

Agricultural Science, 40:469-482. 

DEMENT, M.W.; DISPEL, R.; GRIGGS, T.; LACA, E. and DEO, G. 

(1993). Selective behaviour of cattle grazing ryegrass 

swards with horizontal heterogeneity in patch height 

and bulk density. In: Proceedings of the XVIIth 

International Grassland Congress, New Zealand, Session 

18. pp.  712-713. 

DEENT, M.W. and GREENWOOD, G.B. (1988). Forage ingestion: 

effects of sward characteristics and body size. 

Journal of Animal Science, 66:2380-2392. 

DEMENT, M.W. and LACA, E.A. (1993). The grazing ruminant: 

Models and experimental techniques to relate sward 

structure and intake. In: Proceedings of the Vllth 

World Conference on Animal Production. Edmonton, 

Canada. pp.439-460. 

DEENT, M.W.; LACA, E.A. and GREENWOOD, G.B. (1987). 

Intake in grazing ruminants: a conceptual framework. 

In: Feed intake in beef cattle (ed. Owens, F.N.). 

O.S.U. Press, Stillwater, OK. USA. pp.  208-225. 

DENT, M.W. and VAN SOEST, P.J. (1981). Body size, 

digestive capacity, and feeding strategies of 

herbivores. Winrock International. Livestock Research 

Publication Morrilton, AR. USA 

DEENT, M.W. and VAN SOEST, P.J. (1985). A nutritional 

explanation for body size patterns of ruminant and 

320 



non-ruminant herbivores. The American Naturalist, 

125:641-672. 

DENNIS, W.D. and WOLEDGE, J. (1982). Photosynthesis by 

white clover leaves in mixed clover/ryegrass swards. 

Annals of Botany, 49:627-635. 

DENNIS, W.D. and WOLEDGE, J. (1983). The effect of shade 

during leaf expansion on photosynthesis by white 

clover leaves. Annals of Botany, 51:111-118. 

DENNIS, W.D. and WOLEDGE, J. (1985). The effect of 

nitrogenous fertilizer on the photosynthesis and 

growth of a white clover /perennial ryegrass sward. 

Annals of Botany, 55:171-178. 

DENNIS, W.D.; WOLEDGE, J.; CULHANE, K. and STOKES, J. 

(1984). Effect of clover morphology on growth and 

photosynthesis in mixed swards. In: Forage Legumes 

(ed. Thomson, D.J.). British Grassland Society 

Occasional Symposium, IV'. 16. p.  188. 

DEVENDRA, C. and BURNS, M. (1983). Feeding and Nutrition. 

In: Goat production in the tropics. Slough, 

Commonwealth Agricultural Bureaux. pp.  90-115. 

DEVENDRA, C. and COOP, I.E. (1982). Characteristics of 

sheep and goats. Ecology and distribution. In: Sheep 

and goat production (ed. Coop, I.E.). World Animal 

Science, Cl. Elsevier Scientific Publishing Company. 

pp. 9-14. 

DIXON, I .A.; FRAME, J. and WATERHOUSE, A. (1986). The 

potential for mixed grazing systems. In: Grazing, 

(ed. Frame, J.). British Grassland Society Occasional 

Symposium. pp. 189-198. 

321 



DOMINGUE, D.M.F.; DELLOW, D.W. and BARRY, T.N. (1991a). 

Voluntary intake and rumen digestion of a low-quality 

roughage by goats and sheep. Journal of Agricultural 

Science, Cambridge, 117:111-120. 

DOMINGTJE, D.M.F.; DELLOW, D.W.; WILSON, P.R. and BARRY, 

T.N. (1991b). Comparative digestion in deer, goats 

and sheep. New Zealand Journal of Agricultural 

Research, 34:45-53. 

DONEY, J.M.; MILNE, J.A.; WHITE, I.R..; COLGROVE, P.M. and 

LLOYD, M. (1987). Liveweight gain of weaned lambs 
grazing swards increasing, decreasing or at constant 

surface heights. Animal Production, 44:471. Abstract. 

DOVE, H. and MPYES, R.W. (1991). The use of plant wax 

alkanes as marker substances in studies of the 

nutrition of herbivores: a review. Australian 

Journal of Agricultural Research, 42:913-952. 

DOXEY, D.L. (1971). Veterinary clinical pathology. 

Balliere, Tindall and Casell Ltd. London 

DOYLE, P.T.; EGAN, J.K. and THALEN, A.J. (1984). Intake, 

digestion and sulphur retention in Angora goats and 

Merino sheep fed herbage diets. Australian Journal of 

Agriculture and Animal Husbandry, 24:165-169. 

DUDZINSKY, M.L. and ARNOLD, G.W. (1973). Comparisons of 

diets of sheep and cattle grazing together on sown 
pastures of the southern tablelands of New South Wales 

by principal components analysis. Australian Journal 

of Agricultural Research, 24:889-912. 

DUNBAR, R.I.N. (1978). Competition and niche separation in 

322 



a high altitude herbivore community in Ethiopia. 

Eastern African Wildlife Journal, 16:183-199. 

DU TOIT, J.T. (1990). Feeding-height stratification among 

African browsing ruminants. African Journal Ecology, 

28:55-61. 

EVANS, D.R.; WILLIAMS, T.A. and EVANS, S.A. (1992). 

Evaluation of white clover varieties under grazing and 

their role in farm systems. Grass and Forage Science, 

47:342-352. 

FLORES, ER.; LACA, E.A.; GRIGGS, T.C. and DEMENT, N. W. 

(1993). Sward height and vertical morphological 

differentiation determine cattle bite dimensions. 

Agronomy Journal, 85:527-532. 

FLORES, E.R.; PROVENZA, F.D. and BALPH, D.F. (1989a). Role 

of experience in the development of foraging skills of 

lambs browsing the shrub serviceberry. Applied Animal 

Behaviour Science, 23:271-278. 

FLORES, E.R.; PROVENZA,F.D. and BALPH, D.F. (1989b). 

Relationship between plant maturity and foraging 

experience of lambs grazing hycrest crested wheat 

grass. Applied Animal Behaviour Science, 23:279-284. 

FORBES, J.M. (1980). Hormones and metabolites in the 

control of food intake. In: Digestive Physiology and 

Metabolism in Ruminants (eds. Ruckebusch and Thivend). 

AVI, Westpot, CT. USA. pp.  145-160. 

FORBES, J.M. (1988a). Metabolic aspects of the regulation 

of voluntary food intake and appetite. Nutrition 

Research Reviews, 1:145-168. 

323 



FORBES, T.D.A. (1982). Ingestive behaviour and diet 

selection in grazing cattle and sheep. Thesis. Ph.D. 

University of Edinburgh, UK. 

FORBES, T.D.A. (1988b). Researching the plant-animal 

interface: the investigation of ingestive behaviour in 

grazing animals. Journal of Animal Science, 66:2369-

2379. 

FORBES, T.D.A. and BEATTIE, M.M. (1987). Comparative 

studies of ingestive behaviour and diet composition in 

oesophageal-fistulated and non-fistulated cows and 

sheep. Grass and Forage Science, 42:79-84. 

FORBES, T.D.A. and COLEMAN, S.W. (1987). Herbage intake 

and ingestive behaviour of grazing cattle as 

influenced by variation in sward characteristics. In: 

Proceedings of a Special Session on Grazing-Land 

Research at the Plant-Animal Interface (eds. Horn, 

F.W.; Mott, J.J. and Brougham, R.R.). Winrock 

International, Morrilton, AR. pp. 141-152. 

FORBES, T.D.A. and HODGSON, J. (1985a). Comparative 

studies of the influence of sward conditions on the 

ingestive behaviour of cows and sheep. Grass and 

Forage Science, 40:69-77. 

FORBES, T.D.A. and HODGSON, J. (1985],). The reaction of 

grazing sheep and cattle to the presence of dung from 

the same or the other species. Grass and Forage 

Science, 40:177-182. 

FRAME, J. (1987). The role of white clover in United 

Kingdom pastures. Outlook on Agriculture, 16:28-34. 

FRAME, J. (1992). Improved Grassland management. Farming 

324 



Press Books. Ipswich, UK. 

FRAME, J. and BOYD, A.G. (1987). The effect of fertilizer 

nitrogen rate, white clover variety and closeness of 

cutting on herbage productivity from perennial 

ryegrass/white clover swards. Grass and Forage 

Science, 42:85-96. 

FRAME, J. and NEWBOULD, P. (1986). Agronomy of white 

clover. Advances in Agronomy, 40:1-88. 

FRAME, J. and TILEY, G.E.D. (1991). The potential of white 

clover (Trifolium repens L.) in hill and upland 

livestock systems in Scotland. In: Proceedings of 

the IVth International Rangeland Congress, 

Montpellier, France. pp.368-371. 

FREER, M. (1981). The control of food intake by grazing 

animals. In: World Animal Science Bi. Grazing 

animals (ed. Morley, F.H.W.). Amsterdam, Elsevier. pp. 

105-124. 

FULKERSON, W. J.; SLACK, K.; MOORE, K. and ROLFE, C. (1993). 

Management of Loliuin perenne/Trifoliurn repens pastures 

in the Subtropics. I. Effect of defoliation interval, 

seeding rate and application of N and lime. 

Australian Journal of Agricultural Research, 44:1947-

1958. 

GALYEAN, M.L. and OWENS, F.N. (1989). Effects of diet 

composition and level of feed intake on site and 

extent of digestion in ruminants. In: Physiological 

Aspects of Digestion and Metabolism in Ruminants. 

Proceedings of the Vllth International Symposium on 

Ruminant Physiology, Japon (eds. Tsuda, T.; Sasaki, Y. 

and Kawashima, R.). Academy Press. pp. 483-514. 

325 



GANSKOPP, D.; ANGELL, R. and ROSE, J. (1994). Effect of 

low densities of senescent stems in crested wheatgrass 

on plant selection and utilization by beef cattle. 

Applied Animal Behaviour Science, 38:227-233. 

GENSTAT 5 COMMITTEE OF THE STATISTICS DEPARTMENT, 

ROTHANSTED EXPERIMENTAL STATION (1990). Genstat 5 

Reference Manual. Lawes Agricultural Trust. Oxford: 

Clarendon Press. 

GIBE, N.J. (1991). Differences in the vertical 

distribution of plant material within swards 

continuously stocked with cattle. Grass and Forage 

Science, 46:339-342. 

GIBB, N.J. and BAKER, R.D. (1989). Effect of changing 

grazing severity on the composition of perennial 

ryegrass/white clover swards stocked with beef cattle. 

Grass and Forage Science, 44:329-334. 

GIBB, N.J. and RIDOUT, M.S. (1986). The fitting of 

frequency distributions to height measurements on 

grazed swards. Grass and Forage Science, 41:247-249. 

GIBB, N.J. and RIDOUT, M.S. (1988). Application of double 

normal frequency distributions fitted to measurements 

of sward height. Grass and Forage Science, 43:131-

136. 

GIBB, N.J. and TREACHER, T.T. (1976). The effect of 

herbage allowance on herbage intake and performance of 

lambs grazing perennial ryegrass and red clover 

swards. Journal of Agricultural Science, Cambridge, 

86:355-365. 

326 



GIEB, M.J. and TREACHER, T.T. (1983). The performance of 

lactating ewes offered diets containing different 

proportions of fresh perennial ryegrass and white 

clover. Animal Production, 37:433-440. 

GIBB, M.J. and TREACHER, T.T. (1984). The performance of 

weaned lambs offered diets containing different 

proportions of fresh perennial ryegrass and white 

clover. Animal Production, 37:413-420. 

GILL, M..; BEEVER, D.E. and OSBOUEN, D.F. (1989). The 

feeding value of grass and grass products. In: Grass: 

its production and utilization (ed. Holmes, W.). 2nd 

edition. Blackwell Scientific Publications (published 

for The British Grassland Society). pp. 89-129. 

GONG, Y.; HODGSON, J.; LAMBERT, M.G.; CHU, A.C.P. and 

GORDON, I.L. (1993). Comparison of bite weight and 

bite dimensions of sheep and goats grazing a range of 

grasses and clovers. In: Proceedings of the XVllth 

International Grassland Congress, New Zealand, Session 

18. pp. 726-728. 

GORDON, I.J. (1989). Vegetation community selection by 

ungulate on the Isle of Rhum. II. Vegetation 

Community Selection. Journal of Applied Ecology, 

26:53-64. 

GORDON, I.J. (1994). Techniques of estimating the foraging 

strategies of free-ranging ruminants. Small Ruminant 

Research (in press). 

GORDON, I.J. and HUTCHINGS, N.J. (1993). The development 

of sustainable ruminant livestock grazing systems: the 

role of modelling. Proceedings of the Vllth World 

Conference on Animal Production. Edmonton, Canada. pp. 

327 



413-438. 

GORDON, I.J. and IASON, G.R. (1989). Foraging strategy of 

ruminants: its significance to vegetation utilization 

and management. The Macaulay Land Use Research 

Institute. Annual Report 1.988-89. pp. 34-41. 

GORDON, I.J. and ILLIUS, A.W. (1988). Incisor arcade 

structure and diet selection in ruminants. Functional 

Ecology, 2:15-22. 

GORDON, I.J. and ILLIUS, A.W. (1989). Resource 

partitioning by ungulates on the Isle of Rhum. 

Oecologia, 79:383-389. 

GORDON, I.J. and ILLIUS, A.W. (1992). Foraging strategy: 

from monoculture to mosaic. In: Progress in Sheep and 

Goat Research (ed. Speedy, A.W.). CAB International 

Wallingford. pp. 153-177. 

GORDON, I.J. and LASCANO, C. (1993). The foraging 

strategies of ruminant livestock on intensively 

managed grasslands: potential and constraint. In: 

Proceedings of the XVIIth International Grassland 

Congress, New Zealand, Session 18. pp. 681-690. 

GRANT, S.A. and BARTHRAI, G.T. (1990). Effects of rest 

periods from grazing on species balance in grass- 

clover swards. British Grassland Symposium 2nd 

Research Meeting, Auchincruive. 

GRANT, S.A.; BARTHEAN, G.T. and TORVELL, L. (1981a). 

Components of regrowth in grazed and cut Lolium 

perenne swards. Grass and Forage Science, 36:155-168. 

GRANT, S.A.; BARTHRAN, G.T.; TORVELL, L.; KING, J. and 

328 



SMITH, H.K. (1983). Sward management, lamina turnover 

and tiller population density in continuously stocked 

Lolium perenne-dominated swards. Grass and Forage 

Science, 38:333-344. 

GRANT, S.A.; BOLTON, G.R. and RUSSEL, A.J.F. (1984). The 

utilization of sown and indigenous plant species by 

sheep and goats grazing hill pastures. Grass and 

Forage Science, 39:361-370. 

GRANT, S.A. and HODGSON, J. (1986). Grazing effects on 

species balance and herbage production in indigenous 

plant communities. In: Grazing Research at Northern 

Latitudes (ed. Gudmundsson, 0.). pp. 69-77. 

GRANT, S.A. and KING, J. (1984). Grazing management and 

pasture production: The importance of sward 

morphological adaptations and canopy photosynthesis. 

In: The HFRO Biennial Report, 1982-83. pp. 119-129. 

GRANT, S.A.; KING, 3.; BARTHRAM, G.T. and TORVELL, L. 

(1981b). Responses of tiller populations to variation 

in grazing management in continuously stocked swards 

as affected by time of the year. In: Plant Physiology 

and Herbage Production (ed. Wright, C . E.). British 

Grassland Society Occasional Symposium, N. 13. 

pp. 81-84. 

GRANT, S.A. and MARRIOTT, C.A. (1989). Some factors 

causing temporal and spatial variation in white clover 

performance in grazed swards. In: Proceedings of the 

XVIth International Grassland Congress, Nice. pp. 

1041-1042. 

GRANT, S.A. and MAXWELL, T.J. (1988). Hill vegetation and 

grazing by domesticated herbivores: the biology and 

329 



definition of management options. In: Ecological 

change in the Uplands, (eds. Usher, M.B. and Thompson, 

D.B.A.). British Ecological Society Special 

Publication Series N°.7, Blackwell, Oxford. pp.  201-

214. 

GRANT, S.A.; SUCKLING, D.E.; SMITH, H.K.; TORVELL, L.; 

FORBES, T.D.A. and HODGSON, J. (1985). Comparative 

studies of diet selection by sheep and cattle: the 

hill grasslands. Journal of Ecology, 73:987-1004. 

GRANT, S.A.; TORVELL, L.; SIM, E.M. and SMALL, J. (1991). 

The effect of stolon burial and defoliation early in 

the growing season on white clover performance. Grass 

and Forage Science, 46:173-182. 

GRENNAN, E.G. (1992). Effects of pasture height pre- and 

post-weaning on growth rate of weaned lambs. Annual 

Research group Meeting of the Irish Grassland and 

Animal Production Association. Abstract. p.  102. 

GROSS, J.E.; HOBBS, N.T. and WLJNDER, B.A. (1993a). 

Independent variables for predicting intake rate of 

mammalian herbivores: biomass density, plant density, 

or bite size?. Oikos, 68:75-81. 

GROSS, J.E.; SHIPLEY, L.A.; HOBBS, N.T.., SPALINGER, D.E. 

and WUNDER, B.A. (1993b). Functional response of 

herbivores in food-concentrated patches: tests of a 

mechanistic model. Ecology, 74:778-791. 

GROVUN, W. (1986). A new look of what is controlling food 

intake. In: Proceedings of Feed Intake by beef cattle 

Symposium. Oklahoma St. University, Stillwater, USA. 

pp. 1-40. 

330 



GUDMUIDSSON, 0. (1991). Evaluation of feed energy in 

relation to grazing livestock. Norwegian Journal of 

Agricultural Sciences, 5:17-35. 

GWYNT, M.D. and BELL, R.H.V. (1968). Selection of 

vegetation components by grazing ungulates in the 

Serengeti National Park. Nature, London, 220:390-393. 

HALL, D.G. and HAMILTON, B.A. (1975). Estimation of the 

botanical composition of oesophageal extrusa samples. 

2. A comparison of manual separation and a microscope 

point technique. Journal of British Grassland 

Society, 30:273-277. 

HANCOCK, J. (1952). Grazing behaviour of identical twins 

in relation to pasture type, intake and production of 
dairy cattle. In: Proceedings of the Vlth 

International Grassland Congress. Pennsylvania, N°. 2. 

pp. 1399-1407. 

HANLEY, T.A. (1982). The 

selection by ungulates. 

35:146-151.  

nutritional basis of food 

Journal of Range Management, 

HANLEY, T.A. and HANLEY, K.A. (1982). Food resource 

partitioning by sympatric ungulates on Great Basin 

rangelands. Journal of Range Management, 35:152-158. 

HARRINGTON, G.N. (1978). The implications of goat, sheep 

and cattle diet to the management of an Australian 

semi-arid woodland. Proceedings of the 1st 

International Rangeland Congress, Denver. pp. 447-450. 

HARRINGTON, G.N. (1982). Grazing behaviour of the goats. 

Proceedings of the III-rd International Conference on 

Goat Production and Disease, Tuscon, AZ. pp.  398-403. 

331 



HARRIS, W. (1987). Population dynamics and competition 

In: White Clover (eds. Baker, M.J. and Williams, W.). 

Farnham Royal: Commonwealth Agricultural Bureaux 

International, Wallingford, UK. pp.  203-298. 

HARRIS, W. (1990). Pasture as an ecosystem. In: Pastures: 

Their ecology and management (ed. Lager, R.H.M.). 

Oxford University Press. New Zealand. pp.  75-131. 

HAY, M.J.M. (1983). Seasonal variation in the distribution 

of white clover (Trifolium repens L.) stolons among 3 

horizontal strata in 2 grazed swards. New Zealand 

Journal Agricultural Research, 26:29-34. 

HAY, M.J.M.; BROCK, J.L. and FLETCHER, R.H. (1983). Effect 

of sheep grazing management on distribution of white 

clover stolons among 3 horizontal strata in 

ryegrass/white clover swards. New Zealand Journal of 

Experimental Agriculture, 11:215-218. 

HAY, M.J.M.; CHAPMAN, D.F.; HAY, R..J.M.; PENNEL, C.G.L.; 

WOODS, P.W. and FLETCHER, R.H. (1987). Seasonal 

variation in their vertical distribution of white 

clover stolons in grazed swards. New Zealand Journal 

of Agricultural Research, 30:1-8. 

HAY, M.J.M.; NEWTON, P.C.D. and THOMAS, V.J. (1991). Nodal 

structure and branching of Trifolium repens in 

pastures under intensive grazing by sheep. Journal of 

Agricultural Science, Cambridge, 116:221-228. 

HEADY, H.F. (1964). Palatability of herbage and animal 

preference. Journal of Range Management, 17:76-82. 

HEITSCU4IDT, R.K. and TAYLOR, C.A.Jr. (1991). Livestock 

332 



production. In: Grazing management. An ecological 

perspective (eds. Heitschnidt, R.K. and Stuth, J.W.). 

Timber Press, Inc. Portland, Oregon. pp. 161-178. 

HEPP-KUSCHEL, C. (1989). Interactions between sward 

conditions and the intake and grazing behaviour of 

sheep in the autumn. M. Phil. University of 

Edinburgh, UK. 

HODGSON, J. (1977). Factors limiting herbage intake by the 

grazing animal. In: Proceedings of an International 

Meeting of Animal Production Temperate Grassland. 

Dublin, Ireland. pp.  70-75. 

HODGSON, J. (1979). Nomenclature and definitions in 

grazing studies. Grass and Forage Science, 34:11- 

18. 

HODGSON, J. (1981). Variations in the surface 

characteristics of the sward and the short term rate 

of herbage intake by calves and lambs. Grass and 

Forage Science, 36:49-57. 

HODGSON, J. (1982a). Influence of sward characteristics on 

diet selection and herbage intake by the grazing 

animal. In: Nutritional limits to animal production 

from pastures. Proceedings of an International 

Symposium, St. Lucia, Queensland, Australia, 1981 (ed. 

Hacker, J.E.). Farnham Royal: Commonwealth 

Agricultural Bureaux. pp.  153-166. 

HODGSON, J. (1982b). Ingestive behaviour. In: Herbage 

Intake Handbook (ed. Leaver, J.D.). British Grassland 

Society. pp. 113-138. 

HODGSON, J. (1984). Sward conditions, herbage allowance 

333 



and animal production: an evaluation of research 

results. In: Proceedings of the New Zealand Society 

of Animal Production, 44:99-104. 

HODGSON, J. (1985a). The control of herbage intake in the 

grazing ruminant. Proceedings of the Nutrition 

Society, 44:339-346. 

HODGSON, J. (1985b). The significance of sward 

characteristics in the management of temperate sown 
swards. In: Proceedings of the XVth International 

Grassland Congress, Kyoto, Japan, 1985. pp.63-67. 

HODGSON, J. (1986). Grazing behaviour and herbage intake. 

In: Grazing (ed. Frame, J.). Occasional Symposium No. 

19. British Grassland Society, Malvern, 1985. pp. 51-

64. 

HODGSON, J. (1990). Grazing management. Science into 

practice. Longman Handbooks in Agriculture. Longman 

Scientifical and Technical. 

HODGSON, J.; AROSTEGUY, J.C. and FORBES, T.]D.A (1986a). 

Mixed Grazing by sheep and cattle: effects on herbage 

production and use. In: Proceedings of a XVth 

International Grassland Congress. Kyoto (Japon) 

pp. 65-71. 

HODGSON, J.; CLARK, D.A. and WEWALA, S. (1989). The 

influence of physical and biochemical characteristics 

upon the selection of white clover by grazing sheep. 

In: Proceedings of a XVIth International Grassland 

Congress. Nice, France. pp.1049-1050. 

HODGSON, J. and JANIESON, W.S. (1981). Variation in 

herbage mass and digestibility, and the grazing 

334 



behaviour and herbage intake of adult cattle and 

weaned calves. Grass and Forage Science, 36:39-48. 

HODGSON, J.; MACKIE, C.K. and PARKER, J.W.G. (1986b). 

Sward surface heights for efficient grazing. Grass 

Farmer. British Grassland Society Publication, 24:5-

10. 

HOFMANN, R.R. (1983). Adaptive changes of gastric and 

intestinal morphology in response to different fibre 

content in ruminant diets. Royal Society of New 

Zealand Bulletin, 20:51-58. 

HOFMANN, R.R. (1989). Evolutionary steps of 

ecophysiological adaptation and diversification of 

ruminants: a comparative view of their digestive 

system. Oecologia, 78:443-457. 

HOGAN, J.P.; KENNEY, P.A. and WESTON, R.H. (1985). Factors 

affecting the intake of feed by grazing. In: 

Temperate pastures: their production, use and 

management (eds. Wheeler, Parson and Robards) 

Australian Wool Corporation. CSIRO. pp. 317-327. 

HOLLAND, E.A.; PARTON, W.J.; DETLING, J.K. and COPPOCK, D. 

L. (1992). Physiological responses of plant 

populations to herbivory and their consequences for 

ecosystem nutrient flow. The American Naturalist, 

140:685-706. 

HOLMES, W. (1989). Grazing management. In: Grass: its 

production and utilization (ed. Holmes, W.) . 2nd 

edition. Oxford: Blackwell Scientific Publications 

(The British Grassland Society) . pp.130-171. 

HOU, X.Z. (1991). Diet selection in sheep. Thesis. Ph.D. 

335 



University of Edinburgh. UK. 

HOWARD, ]D.W.; GRXFFITHS, M.S. and JAMES, C. (1990). Clover 

development and animal production under continuous 

grazing. In: New developments in sheep production 

(eds. Slade, C.F.R. and Lawrence, T.L.) . Occasional 

publication, British Society of Animal Production, 

14:129-130. 

HOWE, J. C.; BARRY, T.N. and POPAY, A.I. (1988). Voluntary 

intake and digestion of gorse (Ulex europaeus) by 

goats and sheep. Journal of Agricultural Science, 

Cambridge, 111:107-114. 

HUBBARD, C.E. (1984). Grasses: A guide to their 

structure, identification, uses, and distribution in 

the British Isles. 3rd edition, revised by Hubbard, 

J.C.E. Harmondsworth, Middlesex: Penguin Books Ltd. 

HUGHES, T.P. (1990). Sward structure and intake of 

ruminants. Thesis. Ph.D. University of Lincoln, New 

Zealand. 

HUGHES, T..P.; SYKES, A.R. and POPPI, D.P. (1984). Diet 

selection of young ruminants in late spring. 

Proceedings of the New Zealand Society of Animal 

Production, 44:109-112. 

HUGHES, T.P.; SYKES, A.R.; POPPI, D.P. and HODGSON, J. 

(1991). The influence of sward structure on peak bite 

force and bite weight in sheep. Proceedings of the 

New Zealand Society of Animal Production, 51:153-158. 

HUNT, W.F. and EASTON, H.S. (1989). Fifty years of 

ryegrass research in New Zealand. Proceedings of the 

New Zealand Grassland Association, 50:11-23. 

336 



HUSTON, J.E. (1981). Feeding of goats under extensive 

range conditions in Texas, USA. In: Nutrition and 

systems of goat feeding (eds. Morand-Fehr, P.; 

Bourbouze, A. and Simione M.). INRA-ITOVIC, Tours, 

France, 1:496-505. 

HUSTON, J.E.; ENGDAHr, B.S. and BALES, K.W. (1988). Intake 

and digestibility in sheep and goats fed three forages 

with different levels of supplemental protein. Small 

Ruminants Research, 1:81-92. 

HUSTON, J.E. and PINCHAK, W.E. (1991). Range animal 

nutrition. In: Grazing management. An ecological 

perspective (eds. Heitschmidt, R.K. and Stuth, J.W.). 

Timber Press, Inc. Portland, Oregon. pp 27-64. 

ILLIUS, A.W. (1986). Foraging behaviour and diet 

selection. In: Grazing research at Northern 

Latitudes. Proceedings of a NATO Advanced Research 

Workshop, Hvanneyrl, Iceland, 1985. (ed. Gudmundsson, 

0.). New York and London: Plenum Press, in 

cooperation with NATO Scientific Affairs Division. pp. 

227-236. 

ILLIUS, A.W.; CLARK, D.A. and HODGSON, J. (1992). 

Discrimination and patch choice by sheep grazing 

grass/clover swards. Journal of Animal Ecology, 

61:183-194. 

ILLIUS, A.W. and GORDON, I.J. (1987). The allometry of 

food intake in grazing ruminants. Journal of Animal 

Ecology, 56:989-1000. 

ILLIUS, A.W. and GORDON, I.J. (1990). Constraints on diet 

selection and foraging behaviour in mammalian 

337 



herbivores. In: Behavioural mechanisms of food 

selection (ed. Hughes, R.N.). Springer-Verlag, New 

York. pp. 369-392. 

ILLIUS, A.W. and GORDON, I.J. (1991). Prediction of 

intake and digestion in ruminants by a model of rumen 

kinetics integrating animal size and plant 

characteristics. Journal of Agricultural Science, 

Cambridge, 116:145-157. 

ILLIUS, A.W. and GORDON, I.J. (1992). Modelling the 

nutritional ecology of ungulate herbivores: evolution 

of body size and competitive interactions. Oecologia, 

89:428-434. 

ILLIUS, A.W. and GORDON, I.J. (1993). Diet selection in 

mammalian herbivores-constraints and tactics. In: 

Diet selection (ed. Hughes, R.N.). Blackwells 

Scientific Publications: Oxford. 

ILLIUS, A.W.; WOOD-GUSH, D.G.M. and EDDISON, J.C. (1987). 

A study of the foraging behaviour of cattle grazing 

patchy swards. Biological Behaviour, 12:33-44. 

JAMIESON, W.S. and HODGSON, J. (1979a). The effect of 

daily herbage allowance and sward characteristics upon 

the ingestive behaviour and herbage intake of calves 

under strip grazing management. Grass and Forage 

Science, 34:261-271. 

JANIESON, W.S. and HODGSON, J. (1979b). The effect of 

variation in sward characteristics upon the ingestive 

behaviour and herbage intake of calves and lambs under 

continuous stocking management. Grass and Forage 

Science, 34:273-282. 



JARAN, P.J. and SINCLAIR, A.R.E. (1979). Feeding strategy 

and the pattern of resource partitioning in ungulates. 

In: Serengeti: Dynamics of an Ecosystem (eds. 

Sinclair, A.R.E. and Norton-Griffiths, M.). Chicago 

and London: Chicago University Press. pp.  130-163. 

JONES, L. (1992). Preliminary trials using a white clover 

(Trifolium repens L.) understorey to supply the 

nitrogen requirements of a cereal crop. Grass and 

Forage Science, 47:366-374. 

JONES, R.J. and LASCANO, C.E. (1992). Oesophageal 

fistulated cattle can give unreliable estimates of the 

proportion of legume in the diets of resident animals 

grazing tropical pastures. Grass and Forage Science, 

47:128-132. 

KAY, R.N.B. (1993). Digestion in ruminants at pasture. 

In: Proceedings of the Vllth World Conference on 

Animal Production. Edmonton, Canada. pp.  461-474. 

KENNEY, P.A. and BLACK, J.L. (1984). Factors affecting 

diet selection by sheep. I. Potential intake rate and 

acceptability of feed. Australian Journal of 

Agricultural Research, 35:551-563. 

KENNEY, P.A. and BLACK, J.L. (1986). Effects of simulated 

sward structure on the rate of intake of subterranean 

clover by sheep. Proceedings of the Australian 

Society of Animal Production, 16:251-254. 

KENNEY, P.A.; BLACK, J.L. and COLEBROOK, W.F. (1984). 

Factors affecting diet selection by sheep. III. Dry 

matter content and particle length of forage. 

Australian Journal of Agriculture Research, 35:831-

838. 

339 



KING, J.; SIN, E.M. and GRANT, S.A. (1984). Growth rate, 

senescence and photosynthesis of ryegrass swards cut 

to maintain a range of values for leaf area index. 

Grass and Forage Science, 39:371-380. 

KORTE, C.J.; CHU, A.C.P. and FIELD, T.R.O. (1987). Pasture 

production In: Livestock feeding on pasture (ed. 

Nicol, A.M.). New Zealand Society of Animal 

Production Occasional Publication, 10:7-21. 

KORTE, C.J. and HARRIS, W. (1987). Stolon development in 

grazed 'Grasslands Nui perennial ryegrass. New 

Zealand Journal of Agricultural Research, 30:139-148. 

KOTLIAR, N.B. and WIENS, J.A. (1990). Multiple scales of 

patchiness and patch structure: a hierarchical 

framework for the study of heterogeneity. Oikos, 

59:253-260. 

LACA, E.A.; DISTEL, R.A., GRIGGS, P.C. and DE*1ENT, M.W. 

(1994a). Effects of canopy structure on patch 

depression by grazers. Ecology, 75:706-716. 

LACA, E.A.; DISTEL, R.A.; GRIGGS, P.C.; DEO, G. and 

DEENTI  M.W. (1993). Field test of optimal foraging 

with cattle: the marginal value theorem successfully 

predicts patch selection and utilisation. In: 

Proceedings of the XVIIth International Grassland 

Congress, New Zealand. 

LACA, E.A.; UNGAR, E.D. and DEENT, M.W. (1994b). 

Mechanisms of handling time and intake rate of a large 

mammalian grazer. Applied Animal Behaviour, 39:3-19. 

LACA, E.A.; UNGAR, E.D.; SELIGMAN, N.G and DENT, M.W. 

340 



(1992a). Effects of sward height and bulk density on 

bite dimensions of cattle grazing homogeneous swards. 

Grass and Forage Science, 47:91-102. 

tACA, E..A.; UNGAR, E.D.; SELIGMAN, N.G.; RANEY, M.R. and 

DEMENT, M.W. (1992b). An integrated methodology to 

study short-term grazing behaviour of cattle. Grass 

and Forage Science, 47:81-90. 

LAIDLAW, A. S.; TEUBER, N.G. and WITHERS, J.A. (1992). 

Out-of-season management of grass/clover swards to 

manipulate clover content. Grass and Forage Science, 

47:220-229. 

LAMBERT, M.G.; CLARK, D.A. and BETTERIDGE, K. (1987). 

Grazing behaviour of goats on weed-infested hill 

pastures in New Zealand. Proceedings of the IVth 

International Conference on Goats, 2:1307. 

LAMBERT, MG.; CLARK, D.A. and ROLSTON, M.P. (1981). Use 

of goats for course weed control in hill country. 

Proceedings of a Ruakura farmers conference. pp. 167-

171. 

LAMBERT, M.G. and GUERIN, H. (1989). Competitive and 

complementary effects with different species of 

herbivore in their utilization of pastures. In: 

Proceedings of the XVIth International Grassland 

Congress, Nice, France. pp. 1785-1789. 

LAMBERT, M.G.; JUNG, G.A.; FLETCHER, R.H.; BUDDING, P. J. 

and COSTALL, D.A. (1989). Forage shrubs in North 

Island hill country. 2. Sheep and goat preferences. 

New Zealand Journal of Agricultural Research, 32:485-

490. 

341 



LAGER, P. (1984). Anatomical and nutritional adaptations 

in wild herbivores. In: Herbivore nutrition in the 

subtropics and tropics (eds. Gilchrist, F. and Mackie, 

R.) . Science Press, Craighall. South Africa. pp.  185-

203. 

LAGER, R.H.M. (1972). How grasses grow. Edward Arnold, 

London. 

LAGER, R.H.M. (1990). Pasture plants. In: Pastures: 

Their ecology and management (ed. Lager, R.H.M.). 

Oxford University Press, New Zealand. pp.  39-74. 

LANGLANDS, J.P. (1975). Techniques for estimating nutrient 

intake and its utilisation by the grazing ruminant. 

In 'Digestion and metabolism in the ruminant' (eds. 

McDonald, I. W. and Warner, A.C.I.). University of New 

England: Armidale. pp.  323-332. 

LANGVAT, R. and HANLEY, T.A. (1993). Feeding-patch 

choice by red deer in relation to foraging efficiency. 

Oecologia, 95:164-170. 

LANTINGA, E.A. (1986). Seasonal pattern of grass 

assimilation and net herbage production under 

continuous stocking. In: Grazing (ed. Frame, J.) 

British Grassland Society Occasional Symposium, N°. 

19. British Grassland Society, Hurley. pp.  32-38. 

LEAFE, E.L. (1988). Introduction-the history of improved 

grasslands. In: The grass crop: The physiological 

basis of production (eds. Jones, M.B. and Lazenby, 

A.). Chapman and Hall Ltd, London, UK. pp.  1-20. 

L'HUILLIER, P.J.; POPPI, D.P. and FRASER, T.J. (1984). 

Influence of green leaf distribution on diet selection 

342 



by sheep and the implications for animal performance. 

Proceedings of the New Zealand Society of Animal 

Production, 44:105-107. 

LmyILLIER, P.J.; POPPI, D.P. and FRASER, T.J. (1986). 

Influence of structure and composition of ryegrass and 

prairie grass-white clover swards on their grazed 

horizons and diet harvested by sheep. Grass and 

Forage Science, 41:259-267. 

LLOYD, M.D. and SWIFT, G. (1987). Lamb growth performance 

and rate of finishing in relation to sward height and 

herbage mass on set stocked swards. Animal Production, 

46:470-471. 

LOWMAN, B.G. and SWIFT, G. (1984). Grass height - a guide 

to grassland management. In: ESCA, Technical Note, 

May 1984. pp.  1-7. 

LOZANO, G.A. (1991). Optimal foraging theory: a possible 

role for parasites. Oikos, 60:391-395. 

LU, C.D. (1988). Grazing behaviour and diet selection of 

goats. Small Ruminant Research, 1:205-216. 

LYNCH, J.J.; HINCH, G.N. and ADAMS, D.B. (1992). The 

behaviour of sheep. Biological principles and 

implications for production. CSIRO Publications, 

Australia. 

McCALL, D.G. and LAMBERT, M.G. (1987). Pasture feeding of 

goats. In: Livestock feeding on pasture (ed. Nicol, 

A.M.), New Zealand Society of Animal Production 

Occasional Publication, 10:105-109. 

McCALL, D.G.; SEMEATON, D.G..; GIBBISON, M.L.; McKAY, F.J. 

343 



and HOCKEY, H.U.P. (1986). The influence of different 

sheep to cattle ratios on liveweight gain when grazing 

pastures to different levels in spring-summer. 

Proceedings of the New Zealand Society of Animal 

Production, 46:121-124. 

McCALL, LL. and SHAW, D. (1991). Integrating sheep and 

goats. Proceedings of the New Zealand Society of 

Animal Production, 51:287-290. 

McCANMON-FELDMAN, B.; VAN SOEST, P. J.; HORVATH, P. and 

McDOWELL, R.E. (1981). Feeding strategy of the goat. 

Cornell International Agriculture Mimeograph 88, 

Cornell University, Ithaca, New York. 

McCLYMONT, G.L. (1967). Selectivity and intake in the 

grazing ruminant. In: Handbook of physiology, (ed. 

Cole, C.F.). Section 6. Alimentary Canal 1. American 

Physiologycal Society, Washington, D.C. pp.  129-137. 

McGREGOR, B.A. (1984). Growth and fleece production of 

Angora wethers grazing annual pastures. Proceedings 

of the Australian Society of Animal Production, 

15:715. 

McGREGOR, B.A. (1985). Complementary grazing of goats and 

sheep in the temperate zone. Proceedings 1st 

International Cashmere Seminar. Australian National 

University, Camberra. pp. 103-123. 

McMANUS, W.R. (1981). Oesophageal fistulation technique as 

an aid to diet evaluation of the grazing ruminant. 

In: Forage Evaluation: Concepts and techniques (eds. 

Wheeler, J.L. and Mochrie, R.D.). Kentucky, 

USA/Melbourne: AFGC/CSIRO. pp. 249-260. 

344 



McNAUGHTON, S.J. (1976). Serengeti migratory wildebeest: 

facilitation of energy flow by grazing. Science, 

191:92-94. 

McNAUGHTON, S.J. (1978). Serengeti ungulates: feeding 

selectivity influences the effectiveness of plant 

defense guilds. Science, 199:806-807. 

McNAUGHTON, S.J. (1979). Grazing as an optimization 

process: grass-ungulate relationships in the 

Serengeti. The American Naturalist, 113:69-703. 

McNAUGHTON, S.J. (1983). Compensatory plant growth as a 

response to herbivory. Oikos, 40:329-336. 

McNAUGHTON, S.J. (1985). Ecology of a grazing ecosystem: 

the Serengeti. Ecological Monographs, 55:259-294. 

McAUGRTON, S.J. (1986). Grazing lawns: on domesticated 

and wild herbivores. The American Naturalist, 

128:937-939. 

McNAUGHTON, S.J. (1992). Laboratory-simulated grazing: 

Interactive effects of defoliation and canopy closure 

on Serengeti grasses. Ecology Society of America. 

Ecology, 73:170-182. 

McNAUGHTON, S.J. and SABUNI, G.A. (1988). Large African 

mammals as regulators of vegetation structure. In: 

Plant form and vegetation structure. (eds. Werger, 

M.J.A.; Van der Aart, P.J.; During, J.J. and 

Verhoeven, J.T.A.). SPB Academic, The Hague, The 

Netherlands. pp.  339-354. 

MAIJECHEK,J.C. and NARJISSE, H. (1990). Behavioural ecology 

of sheep and goats: implications to sustain 

345 



production on pastures and rangelands. Presentation 

to Commission on Sheep and Goat Production, 41st 

Annual Meeting, European Association of Animal 

Production, 8-12 July, Toulouse, France. 

MALECHEK, J.C. and PROVENZA, F.D. (1981). Feeding 

behaviour of goats on rangelands. In: Nutrition et 

systems d'Alimentation de la chevre (Nutrition and 

systems of goat feeding) (eds. Morand-Fehr, P.; 

Bourbouze, A. and De Simiane, M.). INRA -ITO VIC, 

Tours, France. 1:411-428. 

MALECHEK, J.C. and PROVENZA, F.D. (1983). Feeding 

behaviour and nutrition of goats on range-lands. World 

Animals Review, 47:38-48. 

MARRIOTT, C.A. and GRANT, S.A. (1990). Plant species 

balance on sown swards in low input and extensive 

grazing systems. The Macaulay Land Use Research 

Institute Annual Report 1989-90. pp.  24-30. 

MARRIOTT, C.A. and SMITH, M.A. (1992). Senescence and 

decomposition of white clover stolons in grazed upland 

grass/clover swards. Plant and Soil, 139:219-227. 

MARSH, R. and CHESTNtJTT, D.M.B. (1976). Effect of 

concentrate, dried grass and white clover rations on 

intake, digestibility and liveweight gain by early- 

weaned lamb. Journal of the British Grassland 

Society, 31:93-97. 

MASON, I.L. (1984). Goat. In: Evolution of domesticated 

animals (ed. Mason, I.L.) . Longman, London and New 

York. pp. 85-99. 

MAXWELL, T.J. and TREACHER, T.T. (1987). Decision rules 



for grassland management. In: Efficient sheep 

production from grass (ed. Pollott, G.E.). Occasional 

Symposium, N. 21. British Grassland Society, pp. 67-

78. 

MAYES, R.W.; LAMB, C.S. and COLGROVE, P.M. (1986). The use 

of dosed and herbage n-alkanes as markers for the 

determination of herbage intake. Journal of 

Agricultural Science, Cambridge, 107:161-170. 

MELLADO, M.; FOOTE, R.H.; RODRIGUEZ, A. and ZABATE, P. 

(1991). Botanical composition and nutrient content of 

diets selected by goats grazing on desert grassland in 

Northern Mexico. Small Ruminant Research, 6:141-150. 

MENCIACA, L. and CONNOLLY, J. (1990). Species interference 

in white clover-ryegrass mixtures. Journal of 

Ecology, 78:223-232. 

MERCHANT, M. and RIACH, D. (1994). The intake and 

performance of cashmere goats grazing sown swards. 
Grass and Forage Science (in press). 

MERRIL, L.B.L; REARDON, P.O. and LEINWEBER, C.L. (1968). 

Cattle, sheep and goats... Mix'em up for higher gains. 

Texas Agricultural Progress, 12:13-14. 

MERRIL, L.B. and TAYLOR, C.A. (1981). Diet selection, 

grazing habits, and the place of goats in range 

management (ed. Gall, C.). Academic Press Books. pp. 

232-252. 

MILCHUNAS, D.G.; LAUENROTH, W.K. and CKAPMAN, P.L. (1992). 

Plant competition, abiotic, and -long and -short term 

effects of large herbivores on demography of 

opportunistic species in a semiarid grassland. 

347 



Oecologia, 92:520-531. 

MILNE, J.A. (1991). Diet selection by grazing animals. 

Proceedings of the Nutrition Society, 50:77-85. 

MILNE, J.A.; HODGSON, J.; THOMPSON, R.; SOUTER, W.G. and 

BARTHRAN, G.T. (1982). The diet ingested by sheep 

grazing swards differing in white clover and 

perennial ryegrass content. Grass and Forage Science, 

37:209-218. 

MONTEATH, M.A.; JOHNSTONE, P.D. and BOSELL, C.C. (1977). 

Effects of animals on pasture production. 1. Pasture 

productivity from beef cattle and sheep farmlets. New 

Zealand Journal of Agricultural Research, 20:23-30. 

MORAND-FEER, P. (1981). Nutrition and feeding of goats: 

application to temperate climatic conditions. In: 

Goat Production, (ed. Gall, C.). Academic Press, 

London. pp.  199-211. 

MORLEY, F.H.W. (1981). Management of grazing systems. In: 

Grazing Animals, World Animal Science, Volume B1. (ed. 

Morley, F.). Amsterdam: Elsevier. pp.  379-400. 

MORRIS, S.T.; PARKER, W.J.; BLAIR, H.T. and McCTJTCHEON, 

S.N. (1993). Effect of sward height during late 

pregnancy on intake and performance of continuously 

stocked June -and August- lambing ewes. Australian 

Journal of Agricultural Research, 44:1635-1651. 

MORRISON, J.; NEWTON, J.E. and SHELDRICK, R.D. (1985). 

Management and utilization of white clover (Trifoliurn 

Repens). In: Information leaflet 1')C.  14. pp. 1-17. 

Animal and Grassland Research Institute, Hurley. 

NM 



MURRAY, M.G. and BROWN, D. (1993). Niche separation of 

grazing ungulates in the Serengeti: an experimental 

test. Journal of Animal Ecology, 62:380-389. 

MURSAN, A.; HUGHES, T.P.; NICOL, A.M. and SUGItJRA, T. 

(1989). The influence of sward height on the 

mechanics of grazing in steers and bulls. Proceedings 

of the New Zealand Society of Animal Production, 

49:233-236. 

NARJISSE, H. (1991). Feeding behaviour of goats on 

rangelands. In: Goat Nutrition, Pudoc, Wageningen 

(ed. Morand-Fehr, P.). pp.  13-24. 

NEGI, G.C.S.; RIKHARI, H.C; RAN, J. and SINGH, S.P. 

(1993). Foraging niche characteristics of horses, 

sheep and goats in an alpine meadow of the Indian 

Central Himalaya. Journal of Applied Ecology, 30:383-

394. 

NEWMAN, J.A., PARSONS, A.J. and HARVEY, A. (1992). Not all 

sheep prefer clover: Diet selection revisited. 

Journal of Agricultural Science, Cambridge, 119:275-

283. 

NEWMAN, J . A.; PENNING, P. D.; PARSONS. A. J.; HARVEY, A. and 

ORR, R.J. (1994). Fasting affects intake behaviour 

and diet preference of grazing sheep. Animal 

Behaviour, 47:185-193. 

NEWTON, P..C..D.; HAY, M.J..M.; THOMAS, V.J. and DICK, H.B. 

(1992). Viability of axillary buds of white clover 

(Trifoliurn repens) in grazed pasture. Journal of 

Agricultural Science, Cambridge, 119:345-354. 

NICOL, A.M. (1988). Grazing with goats. In: Scottish 

349 



Cashmere Producers Association Newsletter, Issue .N°. 

2. pp. 2-4. 

NICOL, A.M. and COLLINS, H.A. (1990). Estimation of the 

pasture horizons grazed by cattle, sheep and goats 

during single and mixed grazing. Proceedings of the 

New Zealand Society of Animal Production, 50:49-53. 

NICOL, A.M.; POPPI, D.P.; ALAN M.R. and COLLINS, H.A. 

(1987). Dietary differences between goats and sheep. 

Proceedings of the New Zealand Grassland Association, 

48:199-205. 

NICOL, A.M.; RUSSEL, A.J.F. and WRIGHT, I.A. (1993). 

Integrated grazing of goats with sheep or cattle on 

continuously grazed pasture. In: Proceedings of the 

XVIIth International Grassland Congress, New Zealand, 

Session 37. pp.  1320-1321. 

NICOL, A.M. and SOTJZA, S.N. (1993). The effect of co-

grazing with sheep on the grazing intake of young and 

adult cattle. In: Proceedings of the Vllth World 

Conference on Animal Production. Edmonton, Canada. pp. 

334-335. 

NOLAN, T. (1982). Meat production. In: Efficient 

Grassland Farming. Proceedings of the IXth general 

Meeting of the European Grassland Federation, (ed. 

Corral, A.J.). British Grassland Society. Occasional 

Symposium, British Grassland Society, N°. 14. pp. 77-

83. 

NOLAN, T. and CONNOLLY, J. (1977). Mixed stocking by sheep 

and steers - a review. Herbage Abstracts, 47:367-379. 

NOLAN, T.; CONNOLLY, J. and SALL, C. (1993). Some animal 

350 



vegetation relationships under temperate and semiarid 

conditions. In: Proceedings of a FAO-CIHEAI"I-EC 

Meeting on Sheep and Goat Nutrition. Thessaloniki, 

pp. 29-30. 

NOLTE, D.L.; PROVENZA, F.D. and BALPH, D.F. (1990). The 

establishment and persistence of food preferences in 
lams exposed to selected foods. Journal of Animal 

Science, 68:998-1002. 

NORTON, B.W.; KENNEDY, P.J. and HALES, J.W. (1990). 

Grazing management studies with Australian cashmere 

goats. 3. Effect of season on the selection of diet 

by cattle, sheep and goats from two tropical grass-

legume pastures. Australian Journal of Experimental 

Agriculture, 30:783-788. 

NOVLLIE, P. (1991). Seasonal movements and habitat use by 

African grazing ungulates in a small conservational 

area. In: Proceedings of IVth Congress International 

des Terres de Parcours, Montpellier, France. pp.  709-

713. 

NOY-IR, I. (1975). Stability of grazing systems: an 

application of predator-prey graphs. Journal of 

Ecology, 63:459-481. 

NOWAK, R.S. and CALDWELL, M.M. (1984). A test of 

compensatory photosynthesis in the field: implications 

for herbivory tolerance. Oecologia, 61:311-318. 

OLSON, B.E. and RICHARDS, J.H. (1988). Spatial arrangement 

of tiller replacement in Agropyron desertorum 

following grazing. Oecologia, 76:7-10. 

O'REAGAIN, P.J. (1993). Plant structure and the 

351 



acceptability of different grasses to sheep. Journal 

of Range Management, 46:232-236. 

ORR, R. J.; PARSONS, A.J.; PENNING, P .D. and TREACHER, T.T. 

(1990). Sward composition, animal performance and the 

potential production of grass/white clover swards 

continuously stocked with sheep. Grass and Forage 

Science, 45:325-336. 

ORR, R.J.; PARSONS, A.J.; TREACHER, T.T. and PENNING, P.D. 

(1988). Seasonal patterns of grass production under 

cutting or continuous stocking managements. Grass and 

Forage Science, 43:199-207. 

OWENS, M.K. (1991). Utilization patterns by Angora 

goats within the plant canopies of two Acacia shrubs. 

Journal of Range Management, 44:456-461. 

OWEN-SMITH, N. (1985). Niche separation among African 

ungulates. In: Species and speciation (ed. Vrba, 

E.S.). Transvaal Museum Monograph, N. 4. Transvaal 

Museum, Pretoria. pp.  161-171. 

OWEN-SMITH, N. and COOPER, S. (1987). Palatability of 

woody plants to browsing ruminants in a South African 

savanna. Ecology, 68:319-331. 

OWEN-SMITH, N. and CWING, D.H.M. (1993). Comparative 

foraging strategies of grazing ungulates and the 

exploitation of African grassland and savanna 

ecosystems. In: Proceedings of the XVIIth 

International Grassland Congress, New Zealand, Session 

18. pp.  691-698. 

PACAILA, S.W. and CR.AWLEY, M.J. (1992). Herbivores and 

plant diversity. The American Naturalist, 140:243-26. 

352 



PAINTER, EL.; DETLING, J.K. and STEINGR.EBER, D.A. (1993). 

Plant morphology and grazing history: Relationships 

between native grasses and herbivores. Vegetatio, 

106:37-62. 

PAPACHRISTOU, T.G. and NASTIS, A.S. (1993a). Diets of 

goats grazing on Kermes oak shrublands of varying 

cover in northern Greece. Journal Range Management, 

46:220-226. 

PAPACHRISTOU, T.G. and NASTIS, A.S. (1993b). Nutritive 

value of diet selected by goats grazing on kermes oak 

shrublands with different shrub and herbage cover in 

Northern Greece. Small Ruminant Research, 12:35-44. 

PARKER, W.J. and McCUTCHEON, S.N. (1992). Effect of sward 

height on herbage intake and production of ewes of 

different rearing rank during lactation. Journal of 

Agricultural Science, Cambridge, 118:383-395. 

PARKER, W.J., MORRIS, S.T., GARRICK, D.J., VINCENT, G.L. 

and McCUTCHEON, S. N. (1990). Intraruminal chromium 

controlled release capsules for measuring herbage 

intake in ruminants - a review. Proceedings of New 

Zealand Animal Production, 50:437-442. 

PARSONS, A.].; HARVEY, A. and JOHNSON, I.R. (1991a). Plant-

animal interactions in a continuously grazed mixture. 

II. The role of differences in the physiology and 

plant growth and of selective grazing on the 

performance and stability of species in a mixture. 

Journal of Applied Ecology, 28:635-658. 

PARSONS, AJ.; HARVEY, A. and WOLEDGE, J. (1991b). Plant-

animal interactions in a continuously grazed mixture. 

353 



I. Differences in the physiology of leaf expansion and 

the fate of leaves of grass and clover. Journal of 

Applied Ecology, 28:619-634. 

PARSONS, A.J.; LEAFE, E.L.; COLLETT, B.; PENNING, P.D. and 

LEWIS, J. (1983). The physiology of grass production 

under grazing. II. Photosynthesis, crop growth and 

animal intake of continuous grazed swards. Journal of 

Applied Ecology, 20:127-139. 

PARSONS, A.J.; NEWMAN, J.A.; PENNING, P.1); HARVEY, A. and 

ORR, R.J. (1994a). Diet preference of sheep: effects 

of recent diet, physiological state and species 

abundance. Journal of Animal Ecology, 63:465-478. 

PARSONS, A.J. and ROBSON, N.J. (1982). Seasonal changes in 

the physiology of S24 perennial ryegrass (Lolium 

perenne L.) . IV. Comparison of the carbon balance of 
the reproductive crop in spring and the vegetative 

crop in autumn. Annals of Botany, 50:167-177. 

PARSONS, A.J.; THORNLEY, J.H.M.; NEWMAN, J.A. and PENNING, 

P..]) (1994b). A mechanistic model of some physical 

determinants of intake rate and diet selection in two- 

species temperate grassland sward. Functional 

Ecology, 8:187-204. 

PEARSON, C.J. and ISON, R.L. (1989). Agronomy of grassland 

systems. Cambridge University Press, UK. 

PENNING, P.D. (1986). Some effects of sward conditions on 

grazing behaviour and intake by sheep. In: Grazing 

research at Northern Latitudes (ed. Gudinundssen, 0.). 

Proceedings of NATO Workshop, Hvanneyri, 1985. pp. 

219-226. 

354 



PENNING, P.D.; PARSONS, A.J.; HARVEY, A. and ORB, R.J. 

(1993b). Dietary preferences of sheep and goats. In: 

Proceedings from agricultural and environmental 

management - Pointers for change. National 

Agricultural Conference, UK. 

PENNING, P.D.; PARSONS, A.J.; HOOPER, G.E. and ORB, R.J. 

(1989). Responses in ingestive behaviour by sheep to 

changes in sward structure. In: Proceedings of XVIth 

International Grasslands Congress, Nice, France. pp. 

791-792. 

PENNING, P.D.; PARSONS, A.J..; NET,NAN, J.A.; ORB, R.J. and 

HARVEY, A. (1993a). The effects of group size on 

grazing time in sheep. Applied Animal Behaviour 

Science, 37:101-109. 

PENNING, P.D.; PARSONS, A.J.; ORB, R.J. and TREACHER, T.T. 

(1991a). Intake and behaviour response by sheep to 

changes in sward characteristics under continuous 

stocking. Grass and Forage Science, 46: 15-28. 

PENNING, P.D.; ROOK, A.J. and ORB, R.J. (1991b). Patterns 

of ingestive behaviour of sheep continuously stocked 

on monocultures of ryegrass or white clover. Applied 

Animal Behaviour Science, 31:231-250. 

PHILLIPS, C.J.C. (1993). Cattle behaviour. Farming Press 

Book. Ipswich, UK. 

POISOT, F. (1988). Methodes d'apprectiation des reserves 

corporelles des caprins creoles. (Methods for 

estimating body reserves of Creole goats in French 

West Indies). Memoire de ENITA, Clermont-Ferrand, 

France. 

355 



POPPI, D.P.; HUGHES, T.P. and LHUILLIER, P.J. (1987). 

Intake of pasture by grazing ruminants. In: Livestock 

Feeding on Pasture (ed. Nicol, A.M.). New Zealand 

Society of Animal Production. Occasional Publication 

10:55-64. 

PROVENZA, F.D. and BALPH, D. F. (1988). Development of 

dietary choice in livestock on rangelands and its 

implications for management. Journal of Animal 

Science, 66:2356-2368. 

PROVENZA, F.D. and BALPH, D.F. (1990). Applicability of 

five diet-selection models to various foraging 

challenges ruminants encounter. In: Behavioural 

mechanisms of food selection (ed. Hughes, R.N.). NATO 

ASI Series G, Ecological Sciences, Vol 20. Springer 

Verlag, Heidelburg. pp. 423-459. 

PROVENZA, F.D. and MALECHEK, J.C. (1984). Diet selection 

by domestic goats in relation to blackrush twing 

chemistry. Journal of Applied Ecology, 21:831-841. 

PROVENZA, F.D. and MALECHEK, J.C. (1986). A comparison of 

food selection and foraging behaviour in juvenile and 

adult goats. Applied Animal Behavioural Science, 

16:49-61. 

PROVENZA, F.D.; NOLAN, J.V. and LYNCH, J.J. (1993). 

Temporal contiguity between food ingestion and 

toxicosis affects the acquisition of food aversions in 

sheep. Applied Animal Behaviour Science, 38:269-281. 

PROVENZA, F.D.; PFISTER, J.A. and CHENEY, C .D. (1992). 

Mechanisms of learning in diet selection with 

reference to phytotoxicosis in herbivores. Journal of 

Range Management, 45:36-45. 

356 



RADCLIFFE, J.E. (1985). Grazing management of goats and 

sheep for gorse control. New Zealand Journal of 

Experimental Agriculture, 13:181-190. 

RADCLIFFE, J.E. (1986). Gorse - a resource for goats? New 

Zealand Journal of Experimental Agriculture, 14:399-

410. 

RADCLIFFE, J.E. and FRANCIS, S.M. (1988). Goat farming on 

high producing pastures. Proceedings of the New 

Zealand Grassland Association, 49:29-32. 

RADCLIFFE, J.E.; TOWNSEND, R.J. and BAIRD, D.B. (1991). 

Mixed and separate grazing of sheep and goats at two 

stocking rates. New Zealand Journal of Agricultural 

Research, 34:167-176. 

RAXvIIREZ, R.G.; LOYO, A. and MORA, R. (1991). Forage intake 

and nutrition of range goats in a shrubland in 

Northeastern Mexico. Journal of Animal Science, 

69:879-885. 

RANIREZ, R.G.; RODRIGUEZ, A.; FLORES, A.; CARLOS. J.L. and 

GARCIA, J.G. (1990). Botanical composition of diets 

selected by range goats in Northeastern Mexico. Small 

Ruminant Research, 3:97-107. 

RATTRAY, P .V.; JAGUSCH, K.T.; DUGANZICH, K. T. and MacLEAN, 

K.S. (1982). Influence of feeding post-lambing on ewe 
and lamb performance at grazing. Proceedings of the 

New Zealand Society of Animal Production, 42:179-182. 

REICHMAN, O.J.; BENEDIX J.r, J.H. and SEASTEDT, T.R. 

(1993). Distinct animal-generated edge effects in a 

tallgrass prairie community. Ecology, 74:1281-1285. 

357 



RHODES, I. and COLLINS, R.P. (1993). Canopy structure. 

In: Sward measurement handbook (eds. Davies, A.; 

Baker, R.D.; Grant, S. and Laidlaw, A.S.). 2nd 

edition. The British Grassland Society, Reading. pp. 

139-156. 

RICARDI, C. and SHIMADA, A. (1992). A note on diet 

selection by goats on a semi-arid temperate rangeland 

throughout the year. Applied Animal Behaviour 

Science, 33:239-247. 

RICHARDS, J.H. and CALDWELL, M.M. (1985). Soluble 

carbohydrates, concurrent photosynthesis and 

efficiency in regrowth following defoliation: A field 

study with Agropyron species. Journal Applied 

Ecology, 22:907-920. 

RICHARDS, J.H.; MUELLER, R.J. and MOTT, J.J. (1988). 

Tillering in tussock grasses in relation to 

defoliation and apical bud removal. Annals of Botany, 

62:173-179. 

RIDOUT, M.S. and ROBSON, M.J. (1991). Composition of the 

diet of sheep grazing swards of differing white clover 

content and spatial distribution: a re-evaluation. New 

Zealand Journal of Agricultural Research, 34:89-93. 

RITTENHOUSE, L.R. (1991). Spatial decision by large 

ungulates. Proceedings of the IVth International 

Rangeland Congress, Montpellier, France. pp.658-659. 

ROBSON, N.J. (1981). Potential production - what is it and 

can we increase it?. In: Plant physiology and herbage 

production (ed. Wright, C.E.). British Grassland 

Society, Hurley. pp.  5-18. 

358 



ROBSON, M.J..; PARSONS, A.J. and WILLIAMS, T.E. (1989). 

Herbage production: grasses and legumes. In: Grass: 

its production and utilization (ed. Holmes, W.) . 2nd 

edition. Blackwell Scientific Publications (The 

British Grassland Society). pp. 7-88. 

ROBSON, M.J.; RYLE, G.J.A. and WOLEDGE, J.(1988). The 

grass plant - its form and function. In: The grass 

crop: The physiological basis of production (eds. 

Jones , M. B. and Lanzeby, A.). Chapman and Hall Ltd, 

London, UK. pp.  25-84. 

ROOK, A.J. and PENNING, P.D. (1991a). Synchronisation of 

eating, ruminating and idling activity by grazing 

sheep. Applied Animal Behaviour Science, 32:157-166. 

ROOK, A.J. and PENNING, P.D. (1991b). Stochastic models of 

grazing behaviour in sheep. Applied Animal Behaviour 

Science, 32:167-177. 

RUSSEL, A.J.F. (1990). Body condition scoring of goats. 

In: Scottish Cashmere Producers Association 

Newsletter, Issue IT'. 10, p.  3. 

RUSSEL, A.J.F.; DONEY, J.M. and GUNN, R.G. (1969). 

Subjective assessment of body fat in live sheep. 

Journal of Agricultural Science, Cambridge, 72:451-

454. 

RUSSEL, A.J.F. and LIPPERT, M. (1987). Goats and hill 

pasture management. In: Scottish Cashmere (eds. 

Russel, A.J.F. and Maxwell, T.J.). Scottish Cashmere 

Producers Association. pp.  48-60. 

RUSSEL, A.J.F.; LIPPERT, M.; RYDER, M.L. and GRANT, S.A. 

359 



(1985). Goat production in the hills and uplands. 

Hill Farming Research Organisation Biennial Report, 

1.984-1985. pp.  135-141. 

RTJSSEL, A.J.F.; MAXWELL, T.J.; BOLTON, G.R.; CTJR.RIE, D.C. 

and WHITE, I.R. (1983). A note on the possible use 

of goats in hill country sheep grazing systems. 

Animal Production, 36:313-316. 

RUSSEL, A.J.F.andMOtJLEMA. (1988). Goats. In: Management 

and welfare of farm animals. The UFAW handbook 3rd 

edition (ed. Thindall, B.) London. pp.  125-142. 

RUYLE, G.B. and DWYER, D.D. (1985). Feeding stations of 

sheep as an indicator of diminished forage supply. 

Journal of Animal Science, 61:349-353. 

SACKVILLE-HANILTON, N.R. (1990). The dynamics of Trifolium 

repens in a permanent pasture. II. Internode length 

and the movement of shoot axes. Proceedings of the 

Royal Society, London, 239:359-381. 

SACKVILLE-HAMILTON, N.R. and HARPER, J.L. (1989). The 

dynamics of Trifolium repens in a permanent pasture. 

I. The population dynamics of leaves and nodes per 

shoot axis. Proceedings of the Royal Society of 

London, 237:133-173. 

SALA, O.E. (1988). The effect of herbivory on vegetation 

structure. Plant form and vegetation structure. pp. 

317-330. 

SANTUCCI, P and MAESTRINI, 0. (1985). Body conditions of 

dairy goats in extensive production: Method of 

estimation. Annales de Zootechnie. Abstract. 34:473-

474. 

360 



SCHACHT, W.H. and MALECHEK, J.C. (1990). Botanical 

composition of goat diets in thinned and cleared 

deciduous woodland in Northeastern Brazil. Journal of 

Range Management, 43:523-673. 

SCHWARTZ, H.J. and SAID, A.N. (1981). Dietary preferences 

of goats and nutritive value of forage on semi-arid 

pastures in Northern Kenya. In: Nutrition et systems 

d'Alimentation de la chevre (eds. Morand-Fehr, P.; 

Bourbouze, A. and Simione, M.). INRA-ITOVIC, Tours, 

France, 1:515-524. 

SENFT, R.L. (1989). Hierarchical foraging models: Effects 

of stocking and landscape composition on simulated 

resource use by cattle. Ecology Modelling, 46:283-

303. 

SENFT, R.L.; COUGHENOUR, M.B.; BAILEY, D.W.; TITTENBOUSE, 

L.R; SALA, O.E. and SWIFT, D.M. (1987). Large 

herbivore foraging and ecological herbivores. 

Bioscience, 37:789-799. 

SIBANDA, M. (1984). Factors affecting intake of herbage by 

grazing ruminants. Zimbabwe Agricultural Journal, 

81:65-70. 

SKILES, J.W. (1984). A review of animal preference. In: 

Developing strategies for rangeland management. 

National Research Council/National Academy of 

Sciences. Bouler and London: Westview Press. pp. 

153-201. 

SMITH, M.A.; RODGERS, J.D.; DODD, J.L. and SKINNER, Q.D. 

(1992). Declining forage availability effects on 

utilization and community selection by cattle. 

361 



Journal Range of Management, 45:391-395. 

SOLANGAARACHI, S.M. and HARPER, J.L. (1987). The effect of 

canopy filtered light on the growth of white clover 

(Trifoliurn repens) . Qecologia, 72:372-376. 

SOLLENBERGER, L.E.; MOORE, J.E.; QUESENBERRY, K.H. and 

BEEDE, P.T. (1987). Relationships between canopy 

botanical composition and diet selection in 

Aeschynomene-Limpograss pastures. Agronomy Journal, 

79:1049-1054. 

SOMLO, R.; CAMPBELL, G. and PELLIZA-SBRILLER, A. (1981). 

Study of the dietary habits of Angora goats in 

rangelands in Patagonia. In: Nutrition et systems 

d'Alimentation de La chevre (eds. Morand-Fehr, P.; 

Bourbouze, A. and Simione, M.). INRA-ITOVIC, Tours, 

France, 1:525-544. 

SPALINGER, D.E. and HOBBS, N.T. (1992). Mechanisms of 

foraging in mammalian herbivores: new models of 

functional response. The American Naturalist, 140:325-

348. 

STEPHENS, D.W. and KREBZ, J.R. (1986). Foraging Theory. New 

Jersey, Princetown University Press. USA. 

STEVENS, D.R.; CASEY, R.J.; BAXTER, G.S. and MILLER, K.B. 

(1992). Angora goat production from different legumes 

mixed with ryegrass. Proceedings of the New Zealand 

Society of Animal Production, 52:97-99. 

STOEBS, T.J. (1973a). The effect of plant structure on the 

intake of tropical pastures. I. Variation in the bite 

size of grazing cattle. Australian Journal of 

Agricultural Research, 24:809-919. 

362 



STOBBS, T.J. (1973b). The effect of plant structure on the 

intake of tropical pastures. II. Differences in sward 

structure, nutritive value, and bite size of animals 

grazing Setaria Anceps and Chloris gayana at various 

stages of growth. Australian Journal of Agricultural 

Research, 24:821-829. 

STOBBS, T.J. (1975a). Factors limiting the nutritional 

value of grazed tropical pastures for beef and milk 

production. Tropical Grasslands, 9:141-150. 

STOBBS, T.J. (1975b). The effect of plan structure on the 

intake of tropical pasture. III. Influence of 

fertilizer nitrogen on the size of bite harvested by 

Jersey cows grazing Setaria anceps cv. Kazungla 

swards. Australian Journal of Agricultural Research, 

26:997-1007. 

STUTH, J.W. (1991). Foraging Behaviour. In: Grazing 

management. An ecological perspective (eds. 

Heitscbmidt, R.K. and Stuth, J.W.). Timber Press, Inc. 

Portland, Oregon. pp. 65-84. 

STUTH, J.W. and SEARCY, S. (1987). A new electronic 

approach to monitoring ingestive behaviour of cattle. 

In: The nutrition of herbivores (eds. Hacker, J.B. and 

Ternouth, J.H.). Academic Press, Sydney. pp.  81-82. 

TALLOWIN, J.R.B. (1981). An interpretation of tiller 

number changes under grazing. In: Plant physiology 

and herbage production (ed. Wright, C.E.). British 

Grassland Society Occasional Symposium IV°. 13. pp-

77-80. 

TAYLOR, C.A. (1985). Multispecies grazing research 

363 



overview (Texas) . In: Proceedings of Conference on 

Multispecies Grazing (eds. Baker, F.H. and Jones, 

R.K.). Win-rock International, Morrilton, AR. USA. 

pp. 65-83. 

TAYLOR, E.L. (1954). Grazing behaviour and helminthic 

disease. The British Journal of Animal Behaviour, 

2:61-62. 

TAYLOR, St. C.S.; MURRAY, J.I. and ILLIUS, A.W. (1987). 

Relative growth of incisor arcade breadth and eating 

rate in cattle and sheep. Animal Production, 45:435-

458. 

THERON, E.P. and BOOYSEN, P. de V. (1966). Palatability in 

grasses. Proceedings of Grassland Society, South 

Africa, 1:111-120. 

THOMAS, H. and DAVIES, A. (1978). Effect of shading on 

the regrowth of Lolium perenne swards in the field. 

Annals of Botany, 42:705-715. 

THOMAS, R.G. (1987). The structure of the mature plant. 

Vegetative growth and development. In: White Clover 

(eds. Baker, M.J. and Williams, W.M.). Wallingford: 

CAB International. pp.31-62. 

THOMAS, R.J. (1992). The role of the legume in the nitrogen 

cycle of productive and sustainable pastures. Grass 

and Forage Science, 47:133-142. 

THOMPSON, K. F. and POPPI, D.P. (1990). Livestock 

production from pasture. In: Pastures: Their ecology 

and management (ed. Lager, R.H.M.). pp. 263-283. 

THOMPSON, L. (1993). The influence of natural canopy 

364 



density on the growth of white clover, Trifolium 

repens. Oikos, 67:321-324. 

THOMPSON, L. and HARPER, J.L. (1988). The effects of 

grasses on the quality of transmitted radiation and 

its influence on the growth of white clover Trifoliurn 

repens. Oecologia, 75:343-347. 

THOMSON, D.J. (1977). The role of legumes in improving the 

quality of forage diets. In: Proceedings of the 

International Meeting on Animal Production from 

Temperature Grassland (ed. B. Gilsenan). Dublin. An 

Foras Taluntais. pp.  131-135. 

THOMSON, D.J. (1979). Effects of proportion of legumes in 

the sward on animal output. In: Changes in sward 

composition and productivity (eds. Charles, A.H. and 

Haggar, R.J.). Occasional Symposium, N°. 10. British 

Grassland Society, pp. 101-109. 

THOMSON, D.J. (1984). The nutritive value of white clover. 

In: Forage legumes (ed. Thomson, D.J.) . Occasional 

Symposium N° 16, British Grassland Society. pp. 78-92. 

THOMSON, N.A. and POWER, M.T. (1991). Effect of grazing 

management on minimising effects of parasitic 

nematodes on lamb production. Proceedings of the New 

Zealand Grassland Association, 53:129-135. 

THORNLEY, J.H.M.; PARSONS, A.].; NEWMAN. J. and PENNING, D. 

(1994). A cost-benefit model of grazing intake and 

diet selection in a two-species temperate grassland 

sward. Functional Ecology, 8:5-16. 

TILLEY, J.M.A. and TERRY, R.A. (1963). A two stage 

technique for the in vitro digestion of forage crops. 

365 



Journal of the British Grassland Society, 18:104-111. 

TOWNSEND, R.J. and RADCLIFFE, J.E. (1990). Lamb growth 

rates improve as goat to sheep ratio increases. In: 

Proceedings of the New Zealand Grassland Association, 

52: 115-118. 

TREACHER, T.T.; ORR, R.J. and PARSONS, A.J. (1986). Direct 

measurement of the seasonal pattern of production on 

continuously stocked swards. In: Grazing. The 

British Grassland Society Occasional Symposium Al. 19. 

pp. 204-205. 

TRE!IEL, D.C. and BAZZAZ, F.A. (1993). How neighbour 

canopy architecture affects target plant performance. 

Ecology, 74:2114-2124. 

TtJRKINGTON, R.; HAMILTON, R. S. and GLIDDON, CH. (1991). 

Within-population variation in localized and 

integrated responses of Trifoliurn repens to biotically 

patchy environments. Oecologia, 86:183-192. 

ULYATT, M.J. (1981). The feeding value of herbage: Can it 

be improved?. New Zealand Agricultural Science, 

15:200-205. 

ULYATT, M.J.; LANCASHIRE, J.A. and JONES, W.T. (1977). The 

nutritive value of legumes. Proceedings of the New 

Zealand Grassland Association, 38:107-118. 

UNGAR, E.D.; GENIZI, A. and DEMMENT, M.W. (1991). Effects 

of sward height, bulk density, and height 

heterogeneity on bite dimensions and the short-term 

intake rate of cattle. Agronomy Journal, 83:973-978. 

UNGAR, E.D. and NOY-MEIR, I. (1988). Herbage intake in 

366 



relation to availability and sward structure: Grazing 

processes and optimal foraging. Journal of Applied 

Ecology, 25:1045-1062. 

UNGAR, E.D.; SELIGMAN, N.G. and DETflIENT, M.W. (1992). 

Graphical analysis of sward depletion by grazing. 

Journal of Applied Ecology, 29:427-435. 

uP.NES, P.J. (1982). Livestock as tools for managing big 

game winter range in the intermountain west. In: 

Wildlife-Livestock Relationships Spossium. (eds. 

Peak, J.M. and Dalke, P.D.). Proceedings Idaho Fort., 

Wildlife Range Experimental Station. USA. pp.  20-31. 

VALLENTINE, J. F. (1990). Grazing Management. San Diego: 

Academic Press. 

VALONE, T.J. and GIRALDEU, L. (1993). Patch estimation by 

group foragers: what information is used? Animal 

Behaviour, 45:721-728. 

VAN DYNE, G.M.; BROCKINGTON, N.R.; SZOCS, Z.; DUEK, J. and 

RIBIC, C.A. (1980). Large herbivore subsystem. In: 

Grasslands, Systems analysis, and Man, (eds. 

Breymeyer, A.J. and Van Dyne, G.M.). International 

Biology Programme 10. London: Cambridge University 

Press. pp. 269-537. 

VAN SOEST, P. (1982). Nutritional ecology of the ruminant. 

0 & B, Corvallis, OR. USA. 

VIPOND, J.E.; MILNE, J.A.; SWIFT, G.; FITZSIMONS, J.; 

McCLELLAND, T.H. and HUNTER, E.A. (1989). Ewe and 

lamb performance on perennial ryegrass and perennial 

ryegrass plus white clover swards under controlled 

sward heights. Animal production. Abstract. 48:648. 

367 



VIPOND, J.E.; SWIFT, 3.; McCLELLAND, T.H.; FITZSIMONS, J.; 

MILNE, J.A. and HUNTER, E.A. (1993a). A comparison of 

diploid and tetraploid perennial ryegrass and 

tetraploid ryegrass-white clover swards under 

continuous sheep grazing at controlled sward heights. 

2. Animal production. Grass and Forage Science, 

48:290-300. 

VIPOND, J.E.; SWIFT, 3.; NOBLE, R.C. and HORGAN, G. 

(1993b). Effects of clover in the diet of grazed lambs 

on production and carcass composition. Animal 

Production, 57:253-261. 

VOGEL, K.P.; MOORE, K.J. and JOHNSON, B.E. (1991). 

Statistical analyses for comparison of oesophageal and 

hand-clipped samples from grazing trials. Journal of 

Range Management, 44:379-382. 

VEJLICH, S.A.; O'RIORDAN, E.G. and H.ANRAHAN, J.P. (1991). 

Use of n-alkanes for the estimation of herbage intake 

in sheep: accuracy and precision of the estimates. 

Journal of Agricultural Science, Cambridge, 116:319-

323. 

WESTOBY, M. (1974). An analysis of diet selection by large 

generalist herbivores. The American Naturalist, 

108:290-304. 

WESTOBY, M. (1978). What are the biological bases of 

varied diets?. The American Naturalist, 112:627-631. 

WESTON, R.H. (1982). Animal factors affecting feed intake. 

In: Nutritional limits to animal production from 

pastures, (ed. Hacker, B.) . Commonwealth Agricultural 

Bureau. Farnham Royal, Slough, UK. pp.  183-198. 



WHEELER, J and MOCHRIE, R. (1981). Forage evaluation, 

concepts and techniques. CSIRO. Melbourne. 

WICKSTROM, M. L..; ROBBINS, C .T.; HANLEY, T.A.; SPALINGER, 

D.E. and PARISH, S.M. (1984). Food intake and 

foraging energetics of elk and mule deer. Journal of 

Wildlife Management, 48:1285-1301. 

WIENS, J.A.; STENSETH, N. Chr.; BORNE, B.V. and IMS, R.A. 

(1993). Ecological mechanisms and landscape ecology. 

Oikos, 66:369-380. 

WILKINSON, S.C. and MACKIE, C.K. (1988). Effect of sward 

height and of offering silage aftermath on intake and 

digestibility of swards grazed by lambs in the second 

half of the grazing season and their effect on lamb 

growth. Research Meeting, British Grassland Society, 

IJ°. 1. Session VI, Poster 3. 

WILSON, A.D. and KARRINGTON, G.N. (1984). Grazing ecology 

and animal Production. Management of Australia's 

Rangelands (eds. Harrington, G.N.; Wilson, A.D. and 

Young, M.D.). CSIRO. pp. 63-77. 

WOLEDGE, J.; DAVIDSON, K. and DENNIS, W.D. (1992). Growth 

and photosynthesis of tall and short cultivars of 

white clover with tall and short grasses. Grass and 

Forage Science, 47:230-238. 

WRIGHT, l.A.; JONES, J.R. and PARSONS, A.J. (1992). 

Performance of weaned lambs on grass/clover swards 

previously grazed by cattle or sheep. Third Research 

Conference of the British Grassland Society. Antrim, 

Northern Ireland. pp. 61-62. 

369 



WRIGHT, I.A. and RTJSSEL, J.F. (1987). The effect of sward 

height on beef cow performance and on the relationship 

between calf milk and herbage intakes. Animal 

Production, 44:363-370. 

WRIGHT, 1. A. and WHYTE, T. K. (1989). Effects of sward 

surface height on the performance of continuously 

stocked spring-calving beef cows and their calves. 

Grass and Forage Society, 44:259-266. 

YOUNG, B. (1986). Food intake of cattle in cold climates. 

In: Proceedings of Feed Intake by beef cattle 

Symposium. Oklahoma St. University, Stillwater. USA. 

pp. 328-340. 

ZAHORIK, D.M.; HOUPT, K.A. and SWARTZMAN-ANDERT, J. (1990). 

Taste-aversion learning in three species of ruminants. 

Applied Animal Behaviour Science, 26:27-39. 

ZOBY, J.L.F. and HOLMES, W. (1983). The influence of size 

of animal and stocking rate on the herbage intake and 

grazing behaviour of cattle. Journal of Agricultural 

Science, Cambridge, 100:139-148. 

370 



LA) 
-1 



Appendix 1. 

Botanical composition of swards in Experiment 1. 

372 



List of Figures 

Figure Al.l. Grass leaf vertical distribution 382 

(kg/ha/horizon) within the sward 

grouped by horizon: 0-2, 2-4, 4-6 

and >6 cm, by sward height 

category: a) short, b) medium and 

c) tall and by pre-species: sheep 

(Prsp-S), goat (Prsp-G) and cattle 

(Prsp-C) in Period 1 at the end of 

Phase 1. 

Figure A1.2 Grass pseudostem vertical 383 

distribution (kg/ha/horizon) within 

the sward grouped by horizon: 0-2, 

2-4, 4-6 and >6 cm, by sward height 

category: a) short, b) medium and 

c) tall and by pre-species: sheep 

(Prsp-S), goat (Prsp-G) and cattle 

(Prsp-C) in Period 1 at the end of 

Phase 1. 

Figure A1.3. Grass flowerstem vertical 384 

distribution (kg/ha/horizon) within 

the sward grouped by horizon: 0-2, 

2-4, 4-6 and >6 cm, by sward height 

category: a) short, b) medium and 

c) tall and by pre-species: sheep 

(Prsp-S), goat (Prsp-G) and cattle 

(Prsp-C) in Period 1 at the end of 

Phase 1. 

373 



Figure A1.4. Dead grass vertical distribution 385 

(kg/ha/horizon) within the sward 

grouped by horizon: 0-2, 2-4, 4-6 

and >6 cm, by sward height 

category: a) short, b) medium and 

c) tall and by pre-species: sheep 

(Prsp-S), goat (Prsp-G) and cattle 

(Prsp-C) in Period 1 at the end of 

Phase 1. 

Figure A1.5. Clover lamina-petiole vertical 386 

distribution (kg/ha/horizon) within 

the sward grouped by horizon: 0-2, 

2-4, 4-6 and >6 cm, by sward height 

category: a) short, b) medium and 

c) tall and by pre-species: sheep 

(Prsp-S), goat (Prsp-G) and cattle 

(Prsp-C) in Period 1 at the end of 

Phase 1. 

Figure A1.6. Clover stolon vertical distribution 387 

(kg/ha/horizon) within the sward 

grouped by horizon: 0-2, 2-4, 4-6 

and >6 cm, by sward height 

category: a) short, b) medium and 

c) tall and by pre-species: sheep 

(Prsp-S), goat (Prsp-G) and cattle 

(Prsp-C) in Period 1 at the end of 

Phase 1. 

374 



Figure A1.7. Clover flower vertical distribution 388 

(kg/ha/horizon) within the sward 

grouped by horizon: 0-2, 2-4, 4-6 

and >6 cm, by sward height 

category: a) short, b) medium and 

c) tall and by pre-species: sheep 

(Prsp-S), goat (Prsp-G) and cattle 

(Prsp-C) in Period 1 at the end of 

Phase 1. 

Figure A1.8. Dead clover vertical distribution 389 

(kg/ha/horizon) within the sward 

grouped by horizon: 0-2, 2-4, 4-6 

and >6 cm, by sward height 

category: a) short, b) medium and 

c) tall and by pre-species: sheep 

(Prsp-S), goat (Prsp-G) and cattle 

(Prsp-C) in Period 1 at the end of 

Phase 1. 

Figure A1.9. Other species vertical distribution 390 

(kg/ha/horizon) within the sward 

grouped by horizon: 0-2, 2-4, 4-6 

and >6 cm, by sward height 

category: a) short, b) medium and 

c) tall and by pre-species: sheep 

(Prsp-S), goat (Prsp-G) and cattle 

(Prsp-C) in Period 1 at the end of 

Phase 1. 

375 



Figure A1.10. Grass leaf vertical distribution 391 

(kg/ha/horizon) within the sward 

grouped by horizon: 0-2, 2-4, 4-6 

and >6 cm, by sward height 

category: short (S), medium (M) and 

tall (T), by species: sheep (Sp-S) 

and goat (Sp-G) and by pre-species: 

a) sheep (Prsp-S), b) goat (Prsp-G) 

and c) cattle (Prsp-C) in Period 2 

in Phase 2. 

Figure A1.11. Grass pseudostem vertical 392 

distribution (kg/ha/horizon) within 

the sward grouped by horizon: 0-2, 

2-4, 4-6 and >6 cm, by sward height 

category: short (S), medium (M) and 

tall (T), by species: sheep (Sp-S) 

and goat (Sp-G) and by pre-species: 

a) sheep (Prsp-S) , b) goat (Prsp-G) 

and c) cattle (Prsp-C) in Period 2 

in Phase 2. 

Figure A1.12. Grass flowerstem vertical 393 

distribution (kg/ha/horizon) within 

the sward grouped by horizon: 0-2, 

2-4, 4-6 and >6 cm, by sward height 

category: short (S), medium (M) and 

tall (T), by species: sheep (Sp-S) 

and goat (Sp-G) and by pre-species: 

a) sheep (Prsp-S), b) goat (Prsp-G) 

and c) cattle (Prsp-C) in Period 2 

in Phase 2. 

376 



Figure A1.13. Dead grass vertical distribution 394 

(kg/ha/horizon) within the sward 

grouped by horizon: 0-2, 2-4, 4-6 

and >6 cm, by sward height 

category: short (S), medium (N) and 

tall (T), by species: sheep (Sp-S) 

and goat (Sp-G) and by pre-species: 

a) sheep (Prsp-S), b) goat (Prsp-G) 

and c) cattle (Prsp-C) in Period 2 

in Phase 2. 

Figure A1.14. Clover lamina-petiole vertical 395 

distribution (kg/ha/horizon) within 

the sward grouped by horizon: 0-2, 

2-4, 4-6 and >6 cm, by sward height 

category: short (S), medium (M) and 

tall (T), by species: sheep (Sp-S) 

and goat (5p-G) and by pre-species: 

a) sheep (Prsp-S), b) goat (Prsp-G) 

and c) cattle (Prsp-C) in Period 2 

in Phase 2. 

Figure A1.15. Clover stolon vertical distribution 396 

(kg/ha/horizon) within the sward 

grouped by horizon: 0-2, 2-4, 4-6 

and >6 cm, by sward height 

category: short (S), medium (N) and 

tall (T), by species: sheep (Sp-S) 

and goat (Sp-G) and by pre-species: 

a) sheep (Prsp-S), b) goat (Prsp-G) 

and c) cattle (Prsp-C) in Period 2 

in Phase 2. 

377 



Figure A1.16. Clover flower vertical distribution 397 

(kg/ha/horizon) within the sward 

grouped by horizon: 0-2, 2-4, 4-6 

and >6 cm, by sward height 

category: short (S), medium (N) and 

tall (T), by species: sheep (Sp-S) 

and goat (Sp-G) and by pre-species: 

a) sheep (Prsp-S), b) goat (Prsp-G) 

and c) cattle (Prsp-C) in Period 2 

in Phase 2. 

Figure A1.17. Dead clover vertical distribution 398 

(kg/ha/horizon) within the sward 

grouped by horizon: 0-2, 2-4, 4-6 

and >6 cm, by sward height 

category: short (S), medium (N) and 

tall (T), by species: sheep (Sp-S) 

and goat (Sp-G) and by pre-species: 

a) sheep (Prsp-S), b) goat (Prsp-G) 

and c) cattle (Prsp-C) in Period 2 

in Phase 2. 

Figure A1.18. Other species vertical distribution 399 

(kg/ha/horizon) within the sward 

grouped by horizon: 0-2, 2-4, 4-6 

and >6 cm, by sward height 

category: short (S), medium (M) and 

tall (T), by species: sheep (Sp-S) 

and goat (Sp-G) and by pre-species: 

a) sheep (Prsp-S), b) goat (Prsp-G) 

and c) cattle (Prsp-C) in Period 2 

in Phase 2. 

378 



Figure A1.19. Grass leaf vertical distribution 400 

(kg/ha/horizon) within the sward 

grouped by horizon: 0-2, 2-4, 4-6 

and >6 cm, by sward height 

category: short (S), medium (M) and 

tall (T), by species: sheep (Sp-S) 

and goat (Sp-G) and by pre-species: 

a) sheep (Prsp-S), b) goat (Prsp-G) 

and c) cattle (Prsp-C) in Period 3 

at the end of Phase 2. 

Figure A1.20. Grass pseudostem vertical 401 

distribution (kg/ha/horizon) within 

the sward grouped by horizon: 0-2, 

2-4, 4-6 and >6 cm, by sward height 

category: short (S), medium (M) and 

tall (T), by species: sheep (Sp-S) 

and goat (Sp-G) and by pre-species: 

a) sheep (Prsp-S), b) goat (Prsp-G) 

and c) cattle (Prsp-C) in Period 3 

at the end of Phase 2. 

Figure A1.21. Grass flowerstem vertical 402 

distribution (kg/ha/horizon) within 

the sward grouped by horizon: 0-2, 

2-4, 4-6 and >6 cm, by sward height 

category: short (S), medium (M) and 

tall (T), by species: sheep (5p-S) 

and goat (Sp-G) and by pre-species: 

a) sheep (Prsp-S), b) goat (Prsp-G) 

and C) cattle (Prsp-C) in Period 3 

at the end of Phase 2. 

379 



Figure A1.22. Dead grass vertical distribution 403 

(kg/ha/horizon) within the sward 

grouped by horizon: 0-2, 2-4, 4-6 

and >6 cm, by sward height 

category: short (S), medium (M) and 

tall (T), by species: sheep (Sp-S) 

and goat (Sp-G) and by pre-species: 

a) sheep (Prsp-S), b) goat (Prsp-G) 

and c) cattle (Prsp-C) in Period 3 

at the end of Phase 2. 

Figure A1.23. Clover lamina-petiole vertical 404 

distribution (kg/ha/horizon) within 

the sward grouped by horizon: 0-2, 

2-4, 4-6 and >6 cm, by sward height 

category: short (S), medium (M) and 

tall (T), by species: sheep (Sp-S) 

and goat (Sp-G) and by pre-species: 

a) sheep (Prsp-S), b) goat (Prsp-G) 

and c) cattle (Prsp-C) in Period 3 

at the end of Phase 2. 

Figure A1.24. Clover stolon vertical distribution 405 

(kg/ha/horizon) within the sward 

grouped by horizon: 0-2, 2-4, 4-6 

and >6 cm, by sward height 

category: short (S), medium (M) and 

tall (T), by species: sheep (Sp-S) 

and goat (Sp-G) and by pre-species: 

a) sheep (Prsp-S), b) goat (Prsp-G) 

and c) cattle (Prsp-C) in Period 3 

at the end of Phase 2. 

:• 



Figure A1.25. Clover flower vertical distribution 406 

(kg/ha/horizon) within the sward 

grouped by horizon: 0-2, 2-4, 4-6 

and >6 cm, by sward height 

category: short (S), medium (M) and 

tall (T), by species: sheep (Sp-S) 

and goat (Sp-G) and by pre-species: 

a) sheep (Prsp-S), b) goat (Prsp-G) 

and c) cattle (Prsp-C) in Period 3 

at the end of Phase 2. 

Figure A1.26. Dead clover vertical distribution 407 

(kg/ha/horizon) within the sward 

grouped by horizon: 0-2, 2-4, 4-6 

and >6 cm, by sward height 

category: short (S), medium (M) and 

tall (T), by species: sheep (Sp-S) 

and goat (Sp-G) and by pre-species: 

a) sheep (Prsp-S), b) goat (Prsp-G) 

and c) cattle (Prsp-C) in Period 3 

at the end of Phase 2. 

Figure A1.27. Other species vertical distribution 408 

(kg/ha/horizon) within the sward 

grouped by horizon: 0-2, 2-4, 4-6 

and >6 cm, by sward height 

category: short (S), medium (M) and 

tall (T), by species: sheep (Sp-S) 

and goat (Sp-G) and by pre-species: 

a) sheep (Prsp-S), b) goat (Prsp-G) 

and c) cattle (Prsp-C) in Period 3 

at the end of Phase 2. 

Figure A2.1. The four stages in the assessment 411 

of body condition score. 

381 



0-2 2-4 
(cm) 

Horizon 

Prap-8 = Prap-Q M Prap-C 

3000 

2700 

2400 

2100 

1800 

1600 

1200 
900 

600 

300 

C 

a) 

(kg/ha) Short 

b) 

(kg/ha) Medium 

3000 

2700 

2400 

2100 

1800 

1500 

1200 

900 

600 

30C 

C, 

300 

270' 

240' 

210 
180 

ISO 

120 

90 

60 

30 

03 
(J 

0-2 2-4 
(cm) 

Horizon 

Prap-S Prsp-O M Prap-C  

0-2 2-4 4-8 
(cm) 

Horizon  

prap-S c: prap-0 M p(ap-c 

C) 
Tall 

Figure A1.1. Grass leaf vertical distribution 

(kg/ha/horizon) within the sward grouped by 

horizon: 0-2, 2-4, 4-6 and >6 cm, by sward 

height category: a) short, b) medium and c) tall 

and by pre-species: sheep (Prsp-S), goat (Prsp-

G) and cattle (Prsp-C) in period 1 at the end of 

Phase 1. 



C) 

(kg/ha) Tall 

3000 

2700 

2400 

2100 

1800 

1600 

(200 

900 

600 

300 
'I 

0-2 2-4 4- 
(cm) 

Horizon 

Prp-8 EL Prep-0 IM Prap-C 

a) 

(kg/ha) Short 

b) 

(kg/ha) Medium 

Li 
03 

3000 

2700 

2400 

2100 

1800 

1500 

1200 

900 

800 

800 

0 
0-2 2-4 4-0 

Horizon 

Pr3p-8 ELI Prep-0 M Prap-C 

(cm) 

3000 

2700 

2400 

2100 
1500 

(600 

1200 
900 

500 

300 

U 
0-2 2-4 4-6 '8 

Horizon (cm) 

prap-8 ILl Prop-0 M prap-C 

Figure A1.2. Grass pseudostem vertical 

distribution (kg/ha/horizon) within the sward 

grouped by horizon: 0-2, 2-4, 4-6 and >6 cm, by 

sward height category: a) short, b) medium and 

c) tall and by pre-species: sheep (Prsp-S), goat 

(Prsp-G) and cattle (Prsp-C) in Period 1 at the 

end of Phase 1. 



a) 

(kg/h&) Short 

b) 

(kg/he) Medium 

3000 

2700 

2400 
2100 

1800 

1500 

1200 
900 

800 
300 

0 

0-2 2-4 
cm) 

Horizon 
4-0 

Prep-S = Prep-G EM Prep-C 

0-2 2-4 4-8 
(cm) Horizon 

PrepS c:Jprsp-a IM Prsp-C 

3000 

2700 

2400 
2100 
1800 

1500 

1200 

900 
800 

300 
0 

t,J 
03 
A. 

C) 

(kg/ha) 
Tall 

3000 

2700 

2400 
2100 
1800 

1500 

1200 

900 

800 

300 
0 

Figure A1.3. Grass flowerstelo vertical 

distribution (kg/ha/horizon) within the sward 

grouped by horizon: 0-2, 2-4, 4-6 and >6 cm, by 

sward height category: a) short, b) medium and C) 

tall and by pre-species: sheep (Prsp-S), goat 

(Prsp-G) and cattle (Prsp-C) in Period 1 at the 

end of Phase 1. 
0-2 2-4 

4cm) 
Horizon 

4-0  

EM Prep-S = Prep-G EM Prep-C 

 



0-2 2-4 4-6 
(cm) 

Horizon 

EM Prep-S EJPrspG = Prap-C 

3000 
2700 
2400 

2100 
1800 

1500 

1200 
900 

800 
300 

0 

a) 

(kg/ha) Short 

b) 

(kg/ha) Medium 

 

3( 
2 

2 

2 
ii 

3000 
2700 

2400 

2100 
1800 

1500 

1200 
900 

800 

300 

a 
0-2 2-4 4-6 

(cm) Horizon 

Prep-8 = Prsp-O IM Prsp-C 
L) 
03 
Ui 

 

0-2 2-4 4-6 
(cm) 

Horizon 

Prep-S = Prep-0 EM Prep-C 

 

C) 

(kg/ha) Tall 

Figure A1.4. Dead grass vertical distribution 

(kg/ha/horizon) within the sward grouped by 

horizon: 0-2, 2-4, 4-6 and >6 cm, by sward height 

category: a) short, b) medium and c) tall and by 

pre-species: sheep (Prsp-S), goat (Prsp-G) and 

cattle (Prsp-C) in period 1 at the end of Phase 1. 



a) 

(kg/ha) 

600 

500 

400 

300 

200 

100 

0 

b) 

ft/ha) 

600 

500 

400 

300 

200 

100 

0 

() 
03 
CN 

Short 

0-2 2-4 4-8 

Horizon (cm) 

prsp-8 = Prp-0 M Prep-C 

Medium 

0-2 2-4 4-6 
cm) Horizon  

EM Prsp-S E:Jprp-o M PrspC 

C) 

800 

500 

400 

300 

200 

100 

0 

Tall 

0-2 2-4 4-8 
(cm) 

Horizon 

prep-S EJ prap-0 EM Prsp-C 

Figure M5. Clover lamina-petiole vertical 

distribution (kg/ha/horizon) within the sward 

grouped by horizon: 0-2, 2-4, 4-6 and >6 cm, by 

sward height category: a) short, b) medium and C) 

tall and by pre-species: sheep (Prsp-S), goat 

(Prsp-G) and cattle (Prsp-C) in Period 1 at the 

end of Phase 1. 



a) 

(kg/ha) 

600 

500 

400 -

300 

200 

100 

0 

b) 

(kg/he) 

600 

500 

400 

300 

200 

100 

0 

03 
-4 

Short 

0-2 2-4 4-8 10 

(cm) Horizon 

prop-3 EJ Prp-0 IM Prsp-C 

Medium 

0-2 2-4 4-6 '5 

Horizon (cm) 

90 Prep-S EJ PrpQ WI Prp-C 

C) 

(kQ/h) 

600 

500 

400 

300 

200 

100 

0 

Tall 

0-2 2-4 4-8 

Horizon (Cm) 

Prep3 EJprip0 M PrpC 

Figure Al. 6. Clover stolon vertical distribution 

(kg/ha/horizon) within the sward grouped by 

horizon: 0-2, 2-4, 4-6 and >6 cm, by sward height 

category; a) short, b) medium and C) tall and by 

pre-species: sheep (Prsp-S) , goat (Prsp-G) and 

cattle (Prsp-C) in period 1 at the end of Phase 1. 



03 
03 

a) 

(kg/ha) 

800 

500 

400 

300 

200 

100 

0 

Short 

0-2 2-4 4 -8 

Horizon 

PrepS Eljprapo M Prip-C 

(cm) 

b) 

(kg/ha) 

600 

500 

400 

300 

200 

100 

0 

Medium 

0-2 2-4 4-6 
(cm) Horizon 

Prep-8 EJprap-0 M Ptp-C 

C) 

(kg/ha) 

800 

500 

400 

300 

200 

100 

0 

Tall 

0-2 2-4 40 
(cm) 

Horizon 

Prip-8 = Prap-O EM Pra-C 

Figure A1.7. Clover flower vertical distribution 

(kg/ha/horizon) within the sward grouped by 

horizon: 0-2, 2-4, 4-6 and >6 cm, by sward height 

category a) short, b) medium and C) tall and by 

pre-species: sheep (Prsp-S), goat (Prsp-G) and 

cattle (Prsp-C) in period 1 at the end of Phase 1. 



Lj 
00 

a) 

(kg/ha) 

000 

600 

400 

300 

200 

IOU 

0 

Short 

0-2 2-4 4-0 

Horizon  

Prap-S EJ Prap-G Pcap-C 

(cm) 

b) 

(kg/ha) 

600 r 
500 

400 

300 

200 

100 

0 

Medium 

0-2 2-4 4-6 
(cm) Horizon 

90 Prep-S EJprap-Q M Prap-C 

C) 

(kg/ha) 

600 

600 

400 

300 

200 

100 

0 

Tall 

I 
0-2 2-4 4-9 

(em) 
Horizon 

Prap3 £:JerapO M PrpC 

Figure A1.8. Dead clover vertical distribution 

(kg/ha/horizon) within the sward grouped by 

horizon: 0-2, 2-4, 4-6 and >6 cm, by sward height 

category: a) short, b) medium and C) tall and by 

pre-species: sheep (Prsp-S) , goat (Prsp-G) and 

cattle (Prsp-C) in Period 1 at the end of Phase 1. 



If 

I 

17. 

i 

I 

ir 

* 

rw 

 

L 
I: 

• i: 

All Ar 

• 

- - . 

- 
- 

- 

I:1 

:- 
I 

- - 
.1 - -- -.--. •,;i :1'- 

- 

, i - - - 
-L • 

•  

•- - I4 
- 

- PL 

-- - 

I

•_, t ' I1  

• • 47'' •L 

- 
r - 

CIL 

- I " 
- 

: 

Ell- 

IL 

Lj 

Ll 

JN 

I AP 

rp 

in 

Ir1I - 

I. L 

•L 

4f - .I ii - i' i'uj • - - 
I  ,' 

ii I j. - EJ_uI•._J •. 

Itki 

'- 
 

I r -17 - 



 

a) 

(kg/he) 

800 

600 

400 

300 

200 

100 

0 

Short 

 

b) 

(kg/ha) 

800 

600 

400 

300 

200 

100 - 

0 - 

Medium 

   

kD 
Lj 

 

0-2 2-4 4-5 

Hori zon  

IMI NSID-S p,ip-G prep-C 

•0 
(cm) 

0-2 2-4 

Horizon 
4-8 '6 

(cm) 

Prep-S EJ Prep-0 M Prep-C 

C) 
(kg/hi) 

600 

600 

400 

300 

200 

100 

0 

Tall 

0-2 2-4 4-6 
(cm) 

Horizon 

Prap-S EJPrep-Q  M Prap-C 

Figure A1.9. Other species vertical distribution 

(kg/ha/horizon) within the sward grouped by 

horizon: 0-2, 2-4, 4-6 and >6 cm, by sward height 

category: a) short, b) medium and c) tall and by 

pre-species: sheep (Prsp-S), goat (Prsp-G) and 

cattle (Prsp-C) in period 1 at the end of Phase 1. 



'I . I •.t;' 

I! 
4 I I I U - 

I I 

MAU  

k 

'LT:T 
E± 11 

Ir 

T Int. :I

I It  

Ll 

 

I
I  

- - - I - 

k!? 
r 

I i.r4I:.J. 
! I1L I ' -- 

- - (  

LT* 

- 

kt~ 

!i!Lc 

43 kL 

- 

I- 
rI 

iij A. I! I 

- 

'F JUt I&.F  
-. -  

--:- --; '? 

.•, 
1 _ .•_;.Ii1 .11 4 4 

I 
. l_ VitJ1  

! •1 "-j r , 

!n 
I - - •_•. -I

, - - -I 

: 

I 
LII 

- !pr-1II 

- 

- 11 
r - 

• 

I 
1 

I 
II 

- •r:H- ;- 

'-' 

I. 



a) Prsp-S 

S I .6cm 

I 

S 
M 

4 - 6 am 

$ 
M 

24 cm 

I  

3 
M ________________ 

0-2 cm 

I 

3600 2800 2100 1400 700 0 700 1400 2100 2800 3500 

kO/ha/horltOfl kg/ha/horizon 

Sp-8 E Sp-G 

b) Prsp-G 

S I I .6 am 
MI 0 

ii 
U 

M I 4-6 am 

T 

SI 

_ H I 2-4 am 

I I 
S ________________I I 

MI 0-2 Cm  
I L . . • 

I 

3600 2800 2100 1400 700 0 700 1400 2100 2800 3600 
kg/ha/horizon kg/ha/horizon 

Sp-S c:J - 

C) Prsp-C 

8 '6 cm 

M 

 

I 93 

S I 
M 

4-6 am 

T 

S  
M 

2-4 cm 
END 

 

S 0-2 cm 
M ___________ _

I 

I 1----' I I 

3600 2800 2100 1400 700 0 700 1400 2100 2800 3600 

kg/ha/horizon kg/ha/horIZon 

Sp-S = SD-G 

Figure A1.10. Grass leaf vertical distribution 

(kg/ha/horizon) within the sward grouped by 

horizon: 0-2, 2-4, 4-6 and >6 cm, by sward height 

category: short (S), medium (M) and tall (T), by 

species: sheep (Sp-S) and goat (Sp-G) and by pre-

species: a) sheep (Prsp-S), b) goat (Prsp-G) and 

c) cattle (Prsp-C) in period 2 in Phase 2. 
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Figure A1.11. Grass pseudostem vertical 

distribution (kg/ha/horizon) within the sward 

grouped by horizon: 0-2, 2-4, 4-6 and >6 cm, by 

sward height category: short (S), medium (M) and 

tall (T) , by species sheep (Sp-S) and goat (Sp-G) 

and by pre-species: a) sheep (Prsp-S), b) goat 

(Prsp-G) and c) cattle (Prsp-C) in Period 2 in 
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grouped by horizon: 0-2, 2-4, 4-6 and >6 cm, by 

sward height category: short (s) , medium (H) and 

tall (T) , by species: sheep (Sp-S) and goat (Sp-G) 

and by pre-species: a) sheep (Prsp-S), b) goat 
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Figure A1.13. Dead grass vertical distribution 

(kg/ha/horizon) within the sward grouped by 

horizon: 0-2, 2-4, 4-6 and >6 cm, by sward height 

category: short (S), medium (M) and tall (T) , by 

species: sheep (Sp-S) and goat (Sp-G) and by pre-
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c) cattle (Prsp-C) in Period 2 in Phase 2. 
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Figure A1.14. Clover lamina-petiole vertical 

distribution (kg/ha/horizon) within the sward 

grouped by horizon: 0-2, 2-4, 4-6 and >6 cm, by 

sward height category: short (S), medium (M) and 
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Figure Al. 15. Clover stolon vertical distribution 

(kg/ha/horizon) within the sward grouped by 

horizon: 0-2, 2-4, 4-6 and >6 cm, by sward height 

category: short (S), medium (H) and tall (T) , by 

species: sheep (Sp-S) and goat (Sp-G) and by pre-

species: a) sheep (Prsp-S), b) goat (Prsp-G) and 

c) cattle (Prsp-C) in period 2 in phase 2. 
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Figure Al. 16. Clover flower vertical distribution 

(kg/ha/horizon) within the sward grouped by 

horizon: 0-2, 2-4, 4-6 and >6 cm, by sward height 

category: short (S), medium (M) and tall (T), by 

species: sheep (Sp-S) and goat (Sp-G) and by pre-

species: a) sheep (Prsp-S) , b) goat (Prsp-G) and 

c) cattle (Prsp-C) in period 2 in phase 2. 
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Figure A1.17. Dead clover vertical distribution 

(kg/ha/horizon) within the sward grouped by 

horizon: 0-2, 2-4, 4-6 and >6 cm, by sward height 

category: short (S), medium (M) and tall (T), by 

species: sheep (Sp-S) and goat (Sp-G) and by pre-

species: a) sheep (Prsp-S), b) goat (Prsp-G) and 

c) cattle (Prsp-C) in Period 2 in Phase 2. 
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Figure Al. 18. Other species vertical distribution 

(kg/ha/horizon) within the sward grouped by 

horizon: 0-2, 2-4, 4-6 and >6 cm, by sward height 

category: short (S) , medium (M) and tall (T), by 

species: sheep (Sp-S) and goat (Sp-G) and by pre-

species: a) sheep (Prsp-S) , b) goat (Prsp-G) and 

C) cattle (Prsp-C) in Period 2 in Phase 2. 
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Figure A1.19. Grass leaf vertical distribution 

(kg/ha/horizon) within the sward grouped by 

horizon: 0-2, 2-4 1  4-6 and >6 cm, by sward height 

category: short (S), medium (M) and tall (T), by 

species: sheep (Sp-S) and goat (Sp-G) and by pre-

species: a) sheep (Prsp-S), b) goat (Prsp-G) and 

C) cattle (Prsp-C) in Period 3 at the end of Phase 

2. 
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Figure A1.21. Grass flowerstein vertical 

distribution (kg/ha/horizon) within the sward 

grouped by horizon: 0-2, 2-4, 4-6 and >6 cm, by 

sward height category: short (S), medium (M) and 
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Figure A1.22. Dead grass vertical distribution 

(kg/ha/horizon) within the sward grouped by 

horizon: 0-2, 2-4, 4-6 and >6 cm, by sward height 

category: short (S), medium (M) and tall (T), by 

species: sheep (Sp-S) and goat (Sp-G) and by pre-

species: a) sheep (Prsp-S), b) goat (Prsp-G) and 

c) cattle (Prsp-C) in Period 3 at the end of Phase 

2. 
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Figure A1..23. Clover lamina-petiole vertical 

distribution (kg/ha/horizon) within the sward 

grouped by horizon: 0-2, 2-4, 4-6 and >6 cm, by 

sward height category: short (S), medium (M) and 

tall (T), by species: sheep (Sp-S) and goat (Sp-G) 

and by pre-species: a) sheep (Prsp-S), b) goat 

(Prsp-G) and C) cattle (Prsp-C) in Period 3 at the 

end of Phase 2. 
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Figure A1.24. Clover stolon vertical distribution 

(kg/ha/horizon) within the sward grouped by 

horizon: 0-2, 2-4, 4-6 and >6 cm, by sward height 

category: short (S), medium (M) and tall (T), by 

species: sheep (Sp-S) and goat (Sp-G) and by pre-

species: a) sheep (Prsp-S), b) goat (Prsp-G) and 

C) cattle (Prsp-C) in Period 3 at the end of Phase 

2. 
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Figure Al. 25. Clover flower vertical distribution 
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horizon: 0-2, 2-4, 4-6 and >6 cm, by sward height 
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2. 



a) Prsp-S 
b) Prsp-G 

S 
U 
I 

S 
U 
I 

S 
U 
I 

S 
N 
I 

600 500 400 300 200 100 0 100 200 300 400 500 600 
kg/ha/horizon kg/ha/horizon 

SP-8 LJSp-a  

S 
M 
I 

S 
U 
I 

S 
U 
I 

S 
U 
T 

600 500 400 300 200 100 0 100 200 300 400 600 800 
kg/ha/horizon kg/ha/horizon 

Op-S c: Sp-a 

Figure A1.26. Dead clover vertical distribution 

(kg/ha/horizon) within the sward grouped by 

horizon: 0-2, 2-4, 4-6 and >6 cm, by sward height 
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Appendix 2. 

Body condition scoring of goats. 

409 



Body condition scoring is a technique used to assess 

subjectively the degree of fatness or condition of a live 

animal. 

The condition scoring system used for goats is exactly 

the same as that originally devised in Australia and 

developed by Russel et al., (1969) in UK for sheep. Goats 

and sheep have a different distribution of fat in the body. 

Sheep carry more of their fat subcutaneously, whereas goats 

store more fat internally, laying down more in the body 

cavity and around the kidneys. There are also differences 

in fat distribution between different breeds of sheep and 

between different breeds of goats. Russel (1990) suggested 

that it would be preferable to have one scoring system for 

both species and to set different 'target' scores for 

particular purposes for each species or type. He suggested 

that targets of around 1 unit of condition score lower are 

appropriate for goats compared to sheep. 

The grading process 

The condition of the goat is assessed by feeling the 

spine and lumbar processes with the fingers immediately 

behind the last rib and above the kidneys. Animals are 

evaluated in terms of the sharpness or roundness of the 

spinous processes of the lumbar vertebrae, the degree of 

fat cover in the angle between the transverse and spinous 

processes and the fullness of the eye muscle (see Figure 

A2.1) . 
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Figure A2..1. The four stages in the assessment of body 

condition score. 
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The definition of each score is: 

- score 0: It is not possible to detect any 

muscular or fatty tissues between the skin and the bone. 

- score 1: The backbone is prominent and sharp. 

The transverse processes feel sharp at the ends and the 

fingers easily pass under the ends. The eye muscle areas 

are shallow with no fat cover and the angle between the 

spinous and transverse processes is very acute. 

- score 2: The spinous processes still feel 

prominent, but smooth, and individual processes can be felt 

only as fine corrugations. The transverse processes are 

smooth and rounded, and it is possible to pass the fingers 

under the ends with a little pressure. The eye muscle 

areas are of moderate depth, but have little fat cover and 

the angle between the spinous and transverse processes is 

less acute. 

- score 3: The spinous processes are detected only 

as small elevations; they are smooth and rounded, and 

individual bones can be felt only with pressure. The 

transverse processes are smooth and well covered, and firm 

pressure is required to feel over the ends. The eye muscle 

areas are full, and have a moderate degree of fat cover. 

The angle between the spinous and transverse is slight. 

- score 4: The spinous processes can just be 

detected, with pressure, as a hard line between the fat 

covered muscle areas. The ends of the transverse processes 

cannot be felt. The eye muscle areas are full and have a 

thick covering of fat. The area between the spinous and 

transverse processes are felt almost flat. 
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- score 5: The spinous processes cannot be 

detected even with firm pressure and there is a depression 

between the layers of fat in the position where the spinous 

processes would normally be felt. The transverse processes 

cannot be detected. The eye muscle areas are very full 

with very thick fat cover. There may be large deposits of 

fat over the rump and tail. 
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APPENDIX 3a 

Experiment 1: an example of the analysis of variance 
procedure used on a component of the botanical 
composition in Period 3 at the and of Phase 2. 

Censtat 5.2 Copyright 1990, Lawes Agricultural Trust 
(Rothamsted Experimental Station) 

Experiment 1 

Analysis of variance 

Dry matter values of total clover (lamina -petiole + stolon + flower + 

dead) 

Variate: clover total 

Source of variation d.f. S.S. m.s. v.r. F pr. 

plot stratum 
replicat 1 15457. 15457. 3.51 0.202 
prespeci 2 70005. 35003. 7.96 0.112 
Residual 2 8797. 4398. 0.59 

plot.subplot stratum 
specie 1 125227. 125227. 16.92 0.026 
prespeci.specie 2 9101. 4550. 0.61 0.597 
Residual 3 22199. 7400. 2.17 

plot.subplot.categ stratum 
categ 2 42325. 21162. 6.22 0.014 
categ.prespeci 4 49129. 12282. 3.61 0.037 
categ.specie 2 32965. 16483. 4.84 0.029 
categ.prespeci.specie 4 5296. 1324. 0.39 0.812 
Residual 12 40826. 3402. 1.67 

plot.subplot.categ. *tjnits* stratum 
horizon 3 2040476. 680159. 333.16 <.001 
categ.horizon 6 69023. 11504. 5.63 <.001 
prespeci.horizon 6 33676. 5613. 2.75 0.021 
specie.horizon 3 112331. 37444. 18.34 <.001 
categ.prespeci.horizon 12 10317. 860. 0.42 0.949 
categ.specie.horizon 6 34156. 5693. 2.79 0.020 
prespeci.specie.horizon 6 2137. 356. 0.17 0.983 
categ . prespeci . specie. horizon 

12 15644. 1304. 0.64 0.800 
Residual 54 110242. 2042. 

Total 143 2849329. 
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Tables of means" 

Variate clover zoai 

Grand mean 107.3 

replicar 2 
117.7 96.9 

5 :1 
93.3 114.0 124.2 

prespeci S C 
31.0 106.0 134.9 

specie S C 
7.3 136.6 

horizon 0-2 2-4 4-6 >6 
312.3 60.2 27.6 29.2 

categ prespec: S C C 

S 74.7 82.4 94.3 
99.3 118.0 124.6 

T 68.9 117.7 185.9 

categ specie S C 
S 75.5 92.1 

91 713 156.6 
7 86.7 161.7 

prespeci specie S C 

S 52.7 99.2 

G 70.9 141.1 

C 99.8 170.0 

categ horizon 3-2 2-4 4-6 >6 

S 299.3 31.0 4.3 0.6 

91 353.3 73.4 23.0 6.2 

T 284.2 76.3 55.6 80.7 

prespeci horizon 0-2 2-4 4-6 >6 

5 253.1 43.4 14.1 13.2 

C 312.7 61.9 26.8 22.7 

C 371.0 75.3 41.9 51.6 

specie horizon 0-2 2-4 4-6 >6 

S 235.6 37.4 14.2 24.1 

C 388.9 83.0 41.1 34.2 

prespeci S G C 
G 

categ specie S 
69.7 

C 
79.6 

S 
78.9 

G 
85.8 

S 
77.8 110.8 S 

M 58.9 129.7 62.9 173.1 52.0 167.1 

T 49.6 88.3 70.8 154.5 139.7 232.2 

categ prespeci horizon 0-2 2-4 4-6 >6 

S S 270.1 28.0 0.6 0.0 

C 289.5 35.0 4.9 0.2 

C 338.2 30.1 7.4 1.5 

M S 315.1 62.8 16.6 2.7 

C 359.9 76.2 23.8 12.1 

C 385.0 81.1 28.5 3.7 

T S 174.1 39.4 25.2 37.1 

G 288.7 74.6 51.6 55.3 

C 389.7 114.8 89.9 149.3 

categ specie horizon 0-2 2-4 4-6 >6 

S S 269.9 26.2 47 1.2 

C 328.5 35.8 3.9 0.0 

91 8 229.2 40.1 13.8 1.9 

C 477.4 106.6 32.1 .0.4 

T 8 207.8 45.8 23.9 59.2 

G 360.6 106.7 87.2 92.2 



prespeci specie horizon 0-2 2-4 4-6 >6 
S S 192.4 25.9 10.7 21.9 

C 313.8 60.9 17.5 4.6 

G S 226.3 39.1 11.7 6.5 
C 399.0 84.7 41.8 38.9 

C S 288.1 47.2 20.0 44.0 
C 453.8 103.5 63.8 59.1 

categ prespeci specie horizon 0-2 2-4 4-6 >6 

S S S 254.5 23.1 1.2 0.0 
G 285.7 32.9 0.0 0.0 

C S 283.7 28.9 2.9 0.3 
G 295.2 41.1 6.9 0.0 

C S 271.4 26.6 9.9 3.2 
G 405.0 33.5 4.9 0.0 

S S 214.0 38.7 17.5 5.3 

C 416.2 86.9 15.8 0.0 
C S 202.1 42.6 6.9 0.1 

C 517.7 109.7 40.7 24.1 

C S 271.5 39.1 17.1 0.3 
C 498.5 123.1 39.8 7.1 

T S S 108.7 15.8 13.6 60.3 
C 239.5 63.0 36.8 13.9 

C S 193.2 45.8 25.2 19.0 
G 384.2 103.4 78.0 92.7 

C S 321.4 75.8 33.1 128.4 
C 458.0 153.8 146.7 170.2 

*** Standard errors of differences of means 

Table replicat categ prespeci specie 

rep. 72 48 48 72 

s.e.d. 11.05 11.91 13.54 14.34 

Table horizon categ categ prespeci 
prespeci specie specie 

rep. 36 16 24 24 

s.e.d. 10.65 21.61 19.86 22.17 
Except when comparing means with the same level(s) of 

prespeci 20.62 24.83 

specie 16.84 

Table categ prespeci specie categ 
horizon horizon horizon prespeci 

specie 

rep. 12 12 18 8 

s.e.d. 19.92 20.94 19.38 32.54 

Except when comparing means with the same level(s) of 

categ 18.45 
prespeci 18.45 34.40 

specie 15.06 
categ.preSpeCi 34.40 

prespeci.specie 29.16 

Table categ categ prespeci categ 
prespeci specie specie prespeci 
horizon horizon horizon specie 

horizon 

rep. 4 6 6 2 

s.e.d. 35.10 30.08 31.65 50.89 

Except when comparing means with the same level(s) of 

prespeci 34.51 33.57 52.10 

specie 28.18 
categ.prespeci 31.95 52.10 

categ.specie 26.09 
prespeci.specie 26.09 48.80 

prespeci . horizon 
34.51 33.57 52.10 

specie.horizon 28.18 
categ.prespeci.specie 45.18 

caoeg.prespeci.horiZOn 52.10 

prespeci.specie.horizOfl . 48.80 
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APPENNDIX 3b 

Experiment 2: an example of the analysis of variance 
procedure used on a component of the botanical 
composition in Period 4 at the beginning of Phase 2. 

Genstat 5.2 Copyright 1990, Lawes Agricultural Trust 
)Rothamsted Experimental Station) 

Experiment 2 

Analysis of variance 

Dry matter values of total clover (live plus dead) in Period 4 (at the 
start of Phase 2) 

Variate: clover total 

Source of variation d.f. S.S. M.S. v.r. F pr. 

plot stratum 
replicat 1 16894. 16894. 4.90 0.078 
prespeci 1 117233. 117233. 34.00 0.002 
height 2 106373. 53186. 15.43 0.007 
prespeci.height 2 2262. 1131. 0.33 0.735 
Residual 5 17240. 3448. 2.11 

plot. *Units stratum 
horizon 3 1542749. 514250. 314.48 <.001 
prespeci.horizon 3 46289. 15430. 9.44 <.001 
height.horizon 6 38037. 6339. 3.88 0.012 
prespeci . height . horizon 

6 45802. 7634. 4.67 0.005 
Residual 18 29434. 1635. 

Total 47 1962314. 
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***** Tables of means 

Variate: clover total 

Grand mean 208.4 

replicac 1.00 2.00 
189.7 227.2 

prespeci sheep goat 
159.0 257.8 

height 4-4 4-8 8-8 
145.2 258.2 221.9 

horizon 0-2 2-4 4-6 >6 
514.7 153.5 91.3 74.2 

prespeci height 4-4 4-8 8-8 
sheep 95.2 217.5 164.4 
goat 195.3 298.9 279.3 

prespeci horizon 0-2 2-4 4-6 >6 
sheep 412.4 112.3 65.1 46.2 
goat 617.0 194.7 117.5 102.3 

height horizon 0-2 2-4 4-6 >6 
4-4 515.9 52.8 11.4 0.8 
4-8 536.1 233.7 145.4 117.5 
8-8 492.1 174.0 117.0 104.3 

prespeci height horizon 0-2 2-4 4-6 >6 
sheep 4-4 355.2 21.7 2.7 1.0 

4-8 507.9 201.7 98.3 61.9 
8-8 374.2 113.5 94.3 756 

goat 4-4 676.6 83.8 20.2 0.6 
4-8 564.3 265.7 1925 173.0 
8-8 610.1 234.6 139.6 133.1 

Standard errors of differences of means 

Table replicat prespeci height horizon 
rep. 24 24 16 12 
s.e.d. 16.95 16.95 20.76 16.51 

Table prespeci prespeci height prespeci 
treatmen horizon horizon height 

horizon 
rep. 8 6 4 2 
s.e.d. 29.36 26.38 32.31 45.70 
Except when comparing means with the same level(s) of 
prespeci 23.35 
height 28.59 

prespeci.height 40.44 
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