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ABSTRACT
This study investigated the potential effects of species composition and sward structure
on dietary quality and intake in cattle and sheep grazing the Dohne Sourveld. In the
raain experiment, animals were confrouted with a range ¢f sward structures at four
differen: sites at different times through the grazing seasor. Species composition and
hence, vald condition, were found to have no clear effect on dietary quality in either
cattle or sheep. Conversely, sward structure had a major effect on dietary quality in
both animals, with dietary crude protein and in vitro digestibility being strongly related
te sward greenness hut negatively related to sward height ani herbage mass, Dietary
quality wau also significantly higher in sheep than in cattle and was murkedly higher in
the year of the burn than in the subsequent year.

Species composition and veld condition were also found to have no measurable
effect on the rate of DM intake in cattle and sheep. In contrazst, sward height had a
major effect on intake rate but other sward structure components like greenness,
stemminess and herbage density had no cledr effect on this variable, For botl: animals,
intake rate increased two to six fold with increasing sward height, reaching an
asymptote or maximum at a height of 10-15 cm for sheep and 20-25 cm for cattle,

Cattle snd sheep both foldowed a distinct sequence of species selection over the
grazing period. In general, preferred species were defoliated first followed by less
preferred specias but avoided species were generally not consumed until the majority
of tillers {> 60%) of the preferred species had been defoliated and a considerable
proportion of these tillers regrazed. Overail, the frequency of tiller defoliation was the
same under both cattle and skeep grazing hut sheep consistently defuliated titlers at a
lower height and remcved relatively more of a tiller, than did cattle, )

" In two Separate but related trials the potential ingestion and ¢igestion rates of
different sourveld grass species were investigated. Although some significant between-
species differences wera evident, measured rates of DM intgke from different sourveld
grasses ‘were surprizingly similar. However, there were major differences in ruminal
degradation rates and in the size of the digestible and indigestible fractions present in
different sourveld jrasses. Large seasonal differences were also evident with
degradation rates dec:ining, and the indigestible fraction increasing, from spring through
to winter.

in a series of sirauiation models, dietary guality, through its effects on digestion
rate, was found to be of greater importance than ingestion rate in determining animal
productinn on sourveld. Specles composition was found to be a major determinant of
predicted animal production, due to large differences in the rate and extent of digestion
tetween grasses, Sward structure was also found to be an imporcant determinant of
animal production on sourveld through its effects on dietary quality and intake.
Optimum heights during the growing season for animal production were 6 - 8 cm for
sheep and 10 + 12 cm for cuttle, but these would be expacted tc become progressively
lower through the season as guality Jdeclined and the d!gestive constraint on intake
increased. Overall, a stroag interaction between shecies composition and sward
structure was evident with thz optimum sward height varying with species compasition
while the species composition where anlinal production was maximised alse varied with
sward structure, Accordingly, an optimum species composition and sward structure
cannot be specified as these va-iables are both conditionz! upon each other as wel! as
the secason, the objectives of the grazier and the animal species involved.
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CHAPTER 1

INTRODUCTION

An ability to predict the potential of dn area of rangeland to support animal
production would be a major practical and theoretical advance. Practical®y, this would
enable a monetary value to be atiached to rangeland which wuld have major
consequences for resource conservation and legislatior Such knowledge would also
facilitate strategic and tactical decision making by the grazier in terms of financing,
marketing and basic animal and range management. Theore .cally, predicting the
animal production potential of differcin areas of rangeland would aullow wieir resource
value to the animal to be assessed. This would be valuable in addressing such Issues as
the distribution of animals in relation to the available resources, e.g. the ideal free
distribution (Fretwell & Lucas 1970} ¢nd the patch selection and departure rules used
by foraging animals.

In South Africa, rangeland has traditionally been assessed on ¢l hasis of its

species composition and basal cover, quantified in terms ot a 'veld condition score' or

-« vald condition indext, Thefirst quasntitative method: of -assessing veld condidiorrwere

based on the increaser-decreaser concept of Dyksterhuls (1958) where the vegetation
of a site was rated relative to the benchmark or putential species composition of that
particular area {Foran 1976; Teinton et al. 1078; Tainton et al. 1980). Later methods
involved giving each species a score with the veld condition index being determinad as
the sum of the products of the abundance and score of each species at a particular site,
e.g. Heard et al, (1986). These methods, or derivations of these methods, are widely
accepted and employed in resource assessment and menitoring in southern Africa.
Alchough the original concept of range condition was defined as the 'state of
health' of the vegetation (Stoddart & Smith 1955) it was later assumed that a direct
relation existed between range condition and the potential of that site to support animal
production, e.g. Teinton (1986); Tainton {1988). As an example, in the method of Tainton
et al, (1950), grazing capacity, and by inference animal production, is held to be a
function of species compusition, modified by slope, basal cover and soil erodibility; if
the latter factors are held constant then grazing capacity is a direct function of species

composition. This assumption is based on the tenet that there is "a close relationship
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between the ecological status of a plant community and its value for the preduction of
forage™ {Tainton 1986).

A direct relation between veld condition and animal production does appear to
hold, at least in the arid and semij-arid grasslands of South Africa (locally termed
sweetveld). For example, Danckwerts (1982) recorded a linear relation between veld
condition and carrying capacity over seven siteg in the semi-arid swectveld of the
eastern Cape, Similarly, in the same area, herbage production from veld in 'good’
conditiont was found to be nearly double that from veld in 'poor' condition (Danckwerts
& Barnard 1981}, Such a relation is, however, to be expected in these environments in
that animal production is generally limited by forage  ‘antity rather than quality
(Danckwerts 1984), while any dacline in range condition often involves an increase in
the relative abundance of annual grasses such as Tragus keeleroides (Martens 1992} with
logical consequences for long-term herbage production.

The situation in the lower quality, mesic grasslands of South Africa (locally
termed sourveld) is, however, notably different. First, most, if not sll, sourveid grasses

are perennial, so a decline in veld condition does not necessarily involve a change to

species-with z diffevent life history-strategy, Second; in sourveld,  atiimal produs idii id® -~

most commonly limited by herbage quality rather than quantity so the amount of
herbage produced is not as critical as its nutritive vslue.

Accordingly, there is little to substantiate the contention that animal production
is a function of veld condition in the sour grasslands, and, in fact, most evidence is to
the contrary. Turner (1990}, for example, recorded significantly higher animal
production on medium- than on good condition sourveld in northern Natal. Further,
three separate studies on sourveld indicated that there was no overall relation between
veld condition and the quality of diet sclected by cattle on this veld type (Mentis 1982;
Herdy 1986; O'Reagain & Mentis 1990). There aiso appears to be no relation between
veld condition and herbage production, at least in the Dohne Sourveld (Willis 1990},
However, possibly the strongest evidence is that of Gillard {1961; cited by Roux 1969
p.121) at Frankenwald; here, cattle mass gains increased progressively over time as the
range deteriorated under heavy stocking from the climax 'purple veld' to a degraded
sward dominated by Eragrostis and Cynodon species. After five years, gains on the

degraded site were more than 56 percent greater than those on the adjacent climax veld
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regarded as being in 'good’ condition (Gillard loc. cit.).

The apparent. lack of a relation between animal produ .tion and range condi\ion
on sourveld may be attributed to two possible factors. In the first instance, it is
suggested (O'Reagain 1989} that current methods of rating species to deteﬁnine a
condition score are done according to criteria which are largely meaningless to the
grazing animal. In particuler, contrary to the claims of Tainton (1988}, the
categorisation of species into ecological groups, I.e. Increasers or Decreasers, does not
necessarily reflect their value {o the animal either in terms of palatahility (O'Reagain
1989) or forase production (Stoltz & Danckwerts 1990). Furthermore, the assignment
of limits (Foran et al, 1978) or scores (Vorster 1982) to these species is subjective sid
unsubstantiated by empirical evidence, For example, in the weighted quantitative
climax method (Tainton et al., undated, cited by Heard et al,, 1986) Hyparrhenia hirta
is assigned a score of four, while Eragrostis capensis and Bothriochloa insculpta are both
given a score of seven. Yet H. hirta is far more palatable and productive than either
of the Iatter species {Tainton et al. 1976; O'Reagain 198Y; O'Reagain unpub. data).

The introduction of the Weighted Palacability (Barnes et al. 1984), Weighted

-~ Preductivity {Heard et &. 1986) arid Forage Factor (Troiiohe 1986} mechods, was*an™  °~

attempt to remedy this situation by subjectively rating the agronomic value of species
on the basis of their palatability and percelved forage production potential. Although
an improvement, these methods are still simplistic and suffer from a number of
shortcomings. First, palatability is a poor indicator of agronomic value as it gives no
indication of the actual bulk of forage removed in grazing. Second, the forage
production potential of a species is only a gross indication of the quantity of material
that it is capable of producing and is not necessarily an index of what Is actually
availahle to the grazing animal,

However, possibly the major shortcoming of these methods is their failure to
assess the value of a forage within the context of the morphological, nutritional and
digestive con~ ints imposed, through evolution, on the grazing animal., Dietary
selection is not simply a prablem of maximising diztary quality and intake but rather
involves optimisation of these two variables within the many constraints under which
the anirr ' operates. Other factors which should therefore be used in determining the

utility of a species are (i} the quality of the forage in terms of its ability to satisfy the
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digestible energy and protein requirements of the animal, (ii) the handling costs in terms
of the time and energy associated with harvesting that forage, and (iii) the processing
costs of the forage in terms of its degradation rate and reteation time in the rumen,

The relative importance of these factors will vary according to the particular
time-energy constraints {Hanley 1982) under which an animal operates. Due to the
nature of the allometric relations between body size and metaholic rate, gut capacity
and mouth dimensions, these constraints are unique for a particular body size (Demment
1983). The relative tmportance of these constraints in determining the utility of a food
to an animul, will therefcre vary so that the 'value' of a species should, theoretically,
depend upon the animal concerned. This suggests that any index of veld condition
should be conditional upon the animal species involved. For example, Novellie (1990)
reported that while the veld condition score appeared to be a good index of habitat
suitability for grazing ungulates liike zebra and hartebeest, it was a poor index for other
grazers like wildebeest and springbok.

A second explanation for the apparent absence of a relation between animal
production and veld condition may possibly be thst, in sourveld, sward structure
emrrides: any effect of~speties composition on - animral produttion. SWward  structure
directly affects dietary quality through its effects on plant part selectica (Barthram
1981) with quality being highest on green, leafy swards but declining rapidly as swards
mature and become tall and stemmy (Hamilton et al. 1973; O'Reagain 1990) or when
swards are very short (O'Reagain 1989). Sward structure also directly determines intake
through its effects on bite size and bite rate. Sward structure may restrict bite size
by reducing lesf accessibility and restricting bite depth and hence bite volume on short
swards (Iilius & Gordon 1987) or by reducing leaf density and hence bite mass (Demment
et ul, 1987}, Bite size and intake rate increase with sward height in temperate {Allden
& Whittaker 1970; Hodgson 1981; Burlison 1989} and tropical nastures (Stobbs 1973b;
Stobbs & Hutton 1974; O'Reagain 1990) but may decline above & certain height due to
a decrease in leaf density (Stobbs 1973b). Sward structure may restrict biting rates by
increasing the handling or search time per bite (Ruyle et al. 1987; Demment &t al,
1987). Where bite size is restricted, animals may compensate by either extending
grazing time, increasing biting rate, or both (Allden & Whittaker 1970; Chacon et al.
1978; O'Reagain 1990} but the extent to which these strategies can compensate for
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reduced bite size is limited. Bice size is therefore the major determinant of intake
(Hodgson 1981).

Unfortunately, the helghts at which bite size and bite quality are maximised are
seldom likely to ceincide, given the general negative relation between sward height and
forage quality reported for most pastures, e.g. Grieve and Osbourn (19635). There should
therefore be some height where the opposing constraints of dietary quality and intake
are optimised and animal procuction, which is 8 function of both of these variables, is
maximised,

In practice, animal production, at least on temperate pastures, appeairs to be
maximised at a sward height of betweszn 8-10 cm (Ernst et al. 1980; Wright & Russel
1087). Wright and Whyte (1989) observed that live weight gains in beel’ cows on rvegrass
were maximised at a height of 9 cm bu: declined thereafter. In contrast, sward aeights
of 4-6 cm (Parsons et al. 1986) and %-7 cm {Parker & McCutcheon 1992) have been
suggested as being optimal for sheep ori ryegrass. Conversely, Chestnutt (1992) reported
that over a range of neights on ryegrass-clover pastures, continuously stocked ewes and
lambs performed bast at 8 sward height of 9 cm,

* Although %% concept of sward strucfure” is Implicitly dcc8ptéd as béing en
important determinant of animal production on sourveld, e.g. Edwards (1981); Barnes
(1989), optimum heights for production have yet to be quantified. Similarly, while
conventional grazier wisdom states that swards should be kept 'short' or "long’ for sheep
and cattle respectively, these terms are relative and have not been objectively defined.
Management recommendations by advisory staff are vague, stating only that veld should
be grazed when it is 'ready’ (Barnes 1989) or 'grazeable' (Edwards 1981). While it has
been rigidly asserted tnat sourveld should only be grazed at a height of 10-15 cm,
particularly after a burn (Venter & Drewes 1969; Trollope 1984; Tainton 1887}, this
recommendation is aimed at minimising the impact of grazing on the grass layer per se
rather than maximising anima! production.

In practice, there is unlikely to be a single optimum sward height for animal
production, as a strong interaction possibly exists between this factor and specles
composition, i.e. the optimum sward height for veld in poor condition could be markedly
different froem that for veld in so-called good condition. Given differences in mouth

anatomy, grazing behaviour and digestive constraints the optimal sward structure is also
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likely ¢0 be dependent upon animal type. The recommended sward height is therefore
likely to be different for cattle and sheep on swards of different species compositions.

The primary objectives of the present study were therefore to:

{i) quantify the effects of sward structure and species composition on dietary
quality and intake for cattle and rheep grazing sourveld, and
(i)  synthesise these relations into a simulation model to predict animal production
on sourveld based on the sward structure and/or species composition of a site.,
To achleve these objectives, two approaches, focused at two different
hiierarchical scales iu the system, were adopted. In the first instance, a gross, sward-
oriented approach wes t-ken w:h attention being focused at the sward level in terms
of its structure and = ~igs ¢ mposition, and its resultant effects on dietary guality and
intake in the gra . . In the second instance, @ more reductionistic, specles-
oriented approach .. ith attention being focused on the properties of
individual grass spect . &%, -« 4rial dietary quality and rate of DM intake available
from these grasses,

These two approaches e« rerincied in the basic organisation of this document,
Accor?ingly, inchapter 2mthe effects of swerd-sirycture and species composition on
dietary quality in cattle and sheep are examined over two consecutive years at four
different sites on the Dohne Sourveld. In chapter 3, the effects of sward structure and
species composition on bite size, bite rate, intake rate and grazing time in cattle and
sheep are examined at the same four sites, In both chapters the sward approach Is
adopted with dietary quality and intake being measured on a number of swards of
differe’:t structure and species composition at various times through the grazing season.

In contrast, chapters 4, 5 and 6 reflect the reductionistic, species based
approach. Thus, in chapter 4, the sequence and extent to which individual species are
defeliated by cattle and sheep through a period of occupation in a paddock is
determined. In chapter 5, the potential ingestion rates of a number of different sourveld
species by cattle and sheep are determined for a number of different soun}eld species.
Finally, In chapter 6, the ferage fractions and potential degradation rates of these

species in the rumen at four different times through the grazing season, are assessed.

In the final section of the thesis (Chapter 7), data and relations presented in
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previous sections are synthesised into a series of simulation models in an attempt to
elucidate the relative effects of swurd structure and species composition on predicted
animal preduction ot sourveld. This chapter again reflects the species and sward
approaches adopted in the study with two separate series of models, based on data
derived from individual species and swards respectively, being constructed. However,
in the final model, an attempt is made to integrate the species and sward approaches
into a single model to predict animal production on swerds of different species
composition, In the relatively short chapter 8, an attempt is made to extend the present
results to the field by revising the recommended forage factors of the different sourveld
species on the basis of their acceptability and potential ingestion and digestion rates.
The thesis concludes with chart~r 9 in whick the main findings of the study are
discussed, achievements and she. . comings of the study are highlighted and suggestions
are made for future research.

Finally, it should be noted that in writing the thesis, an attempt was made to
organise the document into a set of self-contained chapters in the hope that this would

expedite their future publication in the literature as a series of separate but related

papers. & certain amount of repetition betweea chapters was consequestly unavoidable -

especially with regard to the introduction and procedure sections of the different

chapters.
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CHAPTER 2

THE EFFECT OF SPECIES COMPOSITION AND SWARD STRUCTURE ON THE
QUALITY OF DIET SELECTED BY CATTLE AND GHEEP
GRAZING THE DOHNE SOURVELD

2.1 Objectives
The specific objectives of this experiment were to:

(i} determine the relative impact of species composition and sward structure on the
qiiality of diet selected by cattle and sheep on Dohne sourveld, and
{(ii)  det'ne in quantifiable terms any relation which mighe exist between the quality

of diet selected and <pecies composition and sward structure,

2.2 Introduction

Local graziers have traditisuzily termed grassveld either swesi or sour depending upon - -

the inherent quality of the constituent grass species. Swaetveld is, by definition,
palatable and largely retains its quality throughout the year. Sourveld, in contrast,
although being of fairly high quality early in the grazing seascw, rapidly declines in
palatability and quality as the season progresses. By winter, herbage quality is
insufficient for maintenance requirements and unsupplemenited animals experience
severe loss of body mass, Dietary quality is therefore the major limitation to animal
production on sourveld.

Sward specles composition is held to be a major determinant of animal production
on sourveld and it has been implied (Tainton et al. 1980; Tainton 1988) or explicitly
stated (Tainton 1986) that a direct linear relation exists between veld condition score
of a site and potential animal prcduction. This appears to be based on the assumption
that the sersi stage of a community or species is a direct reflection of its forage value
(Tz:nton 1986; 198R8), Unfortunately, these assertions remain unsubstantiated.
Contradictory evidence, in fact, exists which suggests that species composition or veld

condition has no effect on dietary quality In sourveld (Mentis 1982; Hardy 1986;
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O'Reagain & Mentis 1990).

It has been suggested that, in sourveld, sward structure overrides any potential
effect of species composition on dietary quality {O'Reagain & Mentis 1390). This is
logical; differences in quality between plant parts of the same species usuaily exceed
differences in quality between the same parts of different species {Juko & Bredon 1961)
and dietary quality is strongly correlated with plant part selection (O'Reagain & Mentis
1988). Sward structure has also been found to be an important determinant ¢~ dietary
quality in both temperate and tropical pastures (e.g. Hamilton et al 1973). The
importance of sward striicture has also been intuitively recognised by local graziers.
Fire has long been used to remove moribund material and supply green grazing while
graziers recommend that swards be kept 'sheep short’ or even 'trampled sweet' to
provide nutriticus forage for sheep.

The relative effect of sward structure and species composition on dietary quality
will also be dependent upon the animal species involved. Animals of different body
mass funccion under different time-energy constraints due to the allometric scaling of

morphological and physiological factors with body size (Hanley 1982). Cattle and sheep,

whichk are-the two most common domestic-grazers in sourveid, vary widely in- - -

physiological requirements snd selective ability. Consequently, the optimum species

composition or sward structure for dietary qual’ty is likely to be different for the two

animals.
2.3 Procedure
2.3.1 Study area

The experiment was conducted at the Dohne Agricultural Development Institute
(32°31'S, 27°28'E, elevation 899 m) situated 8 km north of the town Stutterheim, South
Africa. Mean annual rainfall is 752 mm (40 year mean), largely fistributed between
October and March. During the period of the study, rainfall was below average in both
years, l.e. 613 and 671 mm in the 1990-91 and 1991-92 seasons respectively, Rainfall
distribution was also markedly different between the two years of the study (Fig. 2.1).
In the first season, spring and early-summer rainfail were below average but February
was very wet with almost double the average monthly rainfail. Conversely, the second

season had a very wet spring but monthly rainfall was well below average thereafier.
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Mean maximum and minimum air temperatures are 25°C and 14°C respectively in
summer, and 18°C and 7°C respectively in winter (Fig. 2.1}, Frosts are common
between May and September.

Soils sre mesotrophic sandy loams, being largely derived from shales and
sandstones. Most soils are generally of shallow to intermediate depth with a fluctuating
water table. The vegetation is an open grassland termed the Déhne Sourveld (Acocks
1988) and consists of a dense, perennial grass community of mediwmn height dominated .
by C, tussock grasses such as Themeda triandra and Tristachya leucothrix (nomenclature |
follows Gibbs Russel et al. 1990). As its name implies, it is regarded as being relatively
unpalatable and of low nutritional quality. especially during the dormant season. The
area has been subjected to domestic pastoralism and frequent fires for at least the last
three centuries, but in the past was probably only utilized by pastoralists and migratory
ungulates during the growing season.

2,.3.2 Experimental design

The experiment was laid out as a simulation trial with the specific objective of
achieving as-wide a combination of sward structures and species compositions #&s ~
possible. Four sites var ing widely in species composition were selected {or the study.
These were (3} a flat previously over-grazed site dominated by Eragrostis plana {termed
eragrostis camp) (Table 2.1}, (ii} a previously under-utilized site, dominated by
Tristachya leucothrix situated about 200 m north-east of eragrostis camp on a gentle
{<5%) north-facing slope (sheep shed camp), (iii) a secondary grassland cominunity
dominated by Hyparrhenia hirta on a previously {>10-year} cultivated land about 1 500

m east of sheep shed (old lands camp), and (i} a previously well-managed site
dominated by T. ¢riandra and T. leucothrix situated on a gentle north-facing slope (<5%)
about 1 500 m south-east of eragrostis camp (bush camp). Sites were burnt in
September 1920 to remove residual material and then fenced into six equal-sized blocks
gach measuring 24 x 50 m. All blocks at a particular site had similar species
compositions (Appendix 2.1).

Veld condition scores were calculated for each block as the sum of the products
of the prorortional abundance of each species multiplied by its forage factor, as

recommended for the Dohne Sourveld by Danckwerts (1987). Forage factors are
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Figure 2.1 Long-term average (LTA) monthly rainfall (Top) and maximum aind minimum: air

temperatures (Bottem) at Dohne ¢.ad over the experimental period.
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Table 2.1 Proportional species compositions (%) and veld condition score of the 4 sites
selected on the Dohne sourveld. Individuzi species scores (forage factors) are
given in brackets

Site
Species Eragrostis Sheep shed Bush QOld lands
Alloteropsis semialata (2) 4 13 6 \
Andropogon appendiclatus (7) 19 10 12 : .
Cynodon dactylon (2) 4 it
Elionurus muticus (G) ) 3
Eragrostis capensis (2) 2 2
Eragrostis chloromelas (4) 6 2
Eragrostis curvula (4) 3 | 8
Eragrostis plana (2) 37 5 9
Eragrostis racemosa (2} 2
. Harpochloa falx {4) ] .3 ) 5 4 . . -—
Heteropogon contortus (7) H 8 3 13
Hyparrhenia hirta (4) 46
Microchloa caffra (0) 7 i
Sporobolus africanus (7) 5 2 6 9
Themeda triandra (10) 15 10 27
Tristachya leucothrix (7) 3 43 29
TOTAL 100 100 106 100
VELD CONDITIGN SCORE 487 584 678 424

subjective estimates of the agronomic ability of a species to produce grazeable forage
{Danckwerts 1987), derived from a combination of the estimated productivity and
palatability of a species.

A specific ehjective of the trial was to confront animals with as wide a range of

sward structures as possible. To achieve this, each block at each site was grazed in a
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simulated rotational grazing system using 1 of 6 possible frequencies of grazing, i.e.
every 3, 5, 8, 11, 16 or 20 weeks, starting from the beginning of the growing season
{(subjectively defiued as 1 October). For example, the 3-week block was first grazed 3
weeks after the start of the growing season and thercafter every 3 weeks, Similarly,
the 20-week rotaticn was first grazed 20 weeks after the start of the season and
thereafter had another 20-week period ef uninterrupted growth before being grazed
again. Blocks were not necessarily sampled at each grazing. In practice, the period
between grazings was often extended, especially where growth was slow, so as to
achieve the desired sward structure.

Blocks were grazed by a mixture of cattle snd sheep at the recommended ratio
of 6:1 {Barnes 1989) with the objective of achieving as even a sward utilization as
possible. At the end of Lie first grazing season, i.e. August 1991, all camps were grazed
down by cattle in an attempt to reduce the carry-over of residual material into the next
season. The experiment was repeated over the subsequent season (October 1991 July
1992) without burning.

*2.3.53 - Sward measurements - - . ¢ - SR . s

immediately prior to grazing in each block, the physical structure of a number of
individual grass species was measured in deiail, Species selected were T. triandra and
E. plana {eragrostis camp), H. hirta and H. contortus (old lands camp), 7. leucothrix, A.
appendiculatus and A, semialata (sheep shed camp) and T. triendra, T. leucothrix and
A. appendiculatus {bush camp). Species were chosen on the basis of their abundance
and/or palatability. In addition, at old lands and eragrostis camps, measurements were
also taken at random of any remaining species in each pearticular biock. These
measurements were simply termed 'sward’.
Fifty tufts of each species were randomly selected in each block and the
following variables measured:
- plant height, defined as the extended height above ground level of the tallest leaf
on a vegetative tiller;
- leaf table height, defined as the height below which 80 % of the plant's leaves
were subjectively judged to occur;

- stemminess, subjectively estimated on a scale of 0 to § where @ = no stems and
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5 = many stems;

- greenness, subjectively estimated on a scale of 0 to § where 0 = no green leaves
present in the tuft and 5 = only green leaves present in t..e tuft.

Herbage mass of the sward as a whule was estimated using the pasture disc
meter calibrated for each block on the basis of 30 clipped quadrats {Branshy & Tainton
1977).

2.34 Animal measurements

Twn oesophageally fistulated Bonsmara steers (mean mass 400 kg) and three Dohne
Merino wethers (mean mass 50 kg) were used to collect dietary samples. Animals had
been raised on sourveld and were well adapted to local conditions. Animals were
supplemented with a mineral-phosphate Ilick until auturmn with provision of a urea lick
thereafter, In between sampling, animals grazed veld similar in compesition to the st:dy
sites.

Animals generally grazed the same block in different camps within the same
week according to the following schedule ; sheep shed {Tuesday), eragrostis {(Wednesday),
bush (Thursday) and old lands (Friday). This schedule was chosen to minimise walking

distasces and hence dlstucbeice 46 ex ex¥nercal -animals. Aningslzeycre yonred ande

fasted svernight (16:00-06:30) prior to sampling so as to ensure collection oi adequate
samples. Short-term fasting appears to have no effect on the quality of diet selected
by fistulated animals {Langlands 1967; Jung & Koong 1985). Grazing began at (6:30 and
cnntinted until fistula bags were full {auout 20 minutes). Samples contaminated with
rumen contents were discarded. Solid-fraction fistula samples were frozen and then
freeze-dried (48 hours), milled (1 n:n sieve) and stored in sesled plastic bags for
analysls, Discarding the liquid fracticn of fistula samples may depress digestibility
estimates by 3 to 4 units (Minson et al. 1976). Samples were analyzed for in vitro
digestibility (IVD) (Tilley & Terry 1963, macdified by Engels & Van der Merwe 1967) at
the Glen Agricultural Development Institute. Crude protein {CP) analyses were
conducted by the soils laboratory at Dohne using the Macro-Kjeldahl procedure (AQAC
1970} but on a few occasions samples were only large enough to permit IVD analysis.
The digestion rates (expressed as mean retention time (h)) of about 100 samples
were also determined using an in vitro gas production method (Plenasr & Kulhn 1991;

Pienaar 1994) at the iLaimal and Dairy Science Research Institute, Irene. Analyses were
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restricted to relatively few samples due to the cost associated with the procedure. Due
to the incomplete nature of this data, these results are not presented in this chapter but
are presented in Appendix Tables 1.1 - 1.4 and analyzed for modelling purposes in

Appendix 6.

2.3.5 Soil moisture
A simple soil water balance model was constructed in order to predict the available soil
water (SW) when any biock was grazed and the potential growih days between grazings.
Available SW was calculated as the difference between inputs {rainfall) and outputs
(transpiration and drainage). Soil water holding vspacity for the top soil layer and
wilting point, based on a clay content of 15 % and a depth of 500 mm, were calculated
using soil water retention curves derived by Fouché (1992}, i.e.
FC = WHC/100 * 50

wnere FC = fleld capacity, SD = soil depth and WHC = water holding capacity calculated
as ¢

WHC = (0.138 + (0.00416% % clay))*100

- .Sgil data were faken. from soil cvrvey datz sf the area. A constant cyop-factce

of 0.5 was assumed for all swards. A daily time step was used based on meteorological
data from the Dihne weather station. Available soil water (SW) was defined as all soil
meisture above wilting point and below field capacity. Potential grawth days were
defined as days when soil moisture exceeded wilting point and average air temperature
was greater than 12°C, Total growth day. were calculated as the sum of all potential

growth days between successive defollations of a particular block,

2.3.6 Statistical analysis

At each sampling date, measurements of CP and IVD were meaned across animals
for both cattle and sheep, while sward structure variables were meaned across tufts {n
= 50) for each species. Percentage data for CP was arcsine-transformed but not IVD,
as nearly all the latter data fell between 30 to 70 % (Sokal & Rohlf 1981}, The sward
structure data for each camp were initially explored using principal coi::ponents
{PRINCOMP; SAS (1981)) and correlation analyses (CORR; SAS (1991)) in order to

identify the most important determinants of sward structure and to determine the
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relationship between the different sward structure variables. These indicated, first,
that most of the variability in the data could be explained in terms of 'height' and
'greenness' axes and second, that most sward structure parameters were strongly inter-
correlated (Table 2.7). Correlativi analyses alse indicated that dietary quality was
correlated with general groups of sward structure variables. Furthermore, the more
palatable grasses may be logically expected to exert a greater influence on anitnal
foraging than others. Accardingly, to facilitate data presentation, the original set of
14 sward structure variables at each camp was reduced to four; total herbage mass and
the plant height, stemininess and greenness of the most palatable species in the sward.
These species were T. triandr.:. T. leucothrix, H, hirta and T. triandra for bush, sheep
shed, old lands and eragrostis camps, respectively.

To investigate the effect of camp, year and animal type on dietary quality, an
analysis of covariance was conducted with 'greenness' as covariate using the GLM
procedure of SAS (SAS 1991). The relation between dietary quality and veld condition
score, and dietary quality and sward structure was explored usiug correlation and
regression analysis (CORR, REG; 825 (1991)). Residuals and studentized residuals were
exzmained-to ldentify vbservations having undue influence on parameter escimates and,
If necessary, exc «ed from models.

For the analysis of the effects of sward structure on dietary quality, data were
separated into the growing season (greenness score >3} and the dormant season
{(greenness score <3) with analyses being performed separately on each group. Perusal
of the scatter plots of the relation between dietary quality and the selected parameters
of sward strocture indicated a general similarity of response for all camps.
Furthermore, as there appeared to be little difference between camps in terms of
dietary quality, it was considered justified to combine the data from all camps for each
year in order to facilitate data presentation and interpretation. Acrordingly, the
‘greenness’, 'stemminess’ and 'height' variables in this combined data set are a
combination of the measurements of four different species in a single variable, i.e, 7.

triandra for bush and eragrostis, T. leucothrix for sheep shed and H, hirta for old lands.
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2.4 Results

2.4.1 Effect of year on dietary quality

Overall, ‘year' had a major effect {P<0.0001) on dietary quality (Appendix Table 2.2}
with both cattle and sheep selecting diets of significantly (P<0.03) higher IVD and CP
in year 1 than in year 2 {Table 2.2). However, this difference was not consistently
evident with diets selected in the late spring-early summer (50-100 days) and winter
(>250 days) periods tending to be of similar quality in both years (Figs. 2.2 & 2.3), The
major between-year differences in quality occurred, first, in early spring (0-50 days)
when ti.e quality of diet selected on burnt regrowth was markedly higher than on
unburnt regrowth the subsequent year and second, in mid-season (100-250 days), when
the IVD and CP of diets selected in year 1 were usuailly 10-15 % and 3-4 % higher,
respectively,than in year 2. Accordingly, the hypothesis that dietary quality is higher
in the year of the burn than in the following grazing season is accepted. However, it is
recognised that this difference is not consistent, being more pronounced at certain

times of the year than at others,

242 - - Effect of animal on digtarygquality - - -~ - : S

In general, sheep selected a diet of significantly (Ps0.0001) higher quality in terms of
both CP and IVD (Appendix Table 2.2} than did cattle (Table 2.2) This difference was
consistent across all 4 sites, both years and most sward structures (Figs. 2.2 & 2.3).
However, there were instances where sheep did select diets of considerably lower
quality than cattle, particularly on long, rank swards with a large mass of herbage. For
example, at ali four sites in year 2, the IVD of diets selected by sheep (circled points:
Fig. 2.5) was considerably lower {mesan: 40.63 vs 45.09 %) than that selected by cattle
when grazing the teil, infrequently grazed herbage of the 20-week block. The data are
still, however, consistent with the hypothesis that in general, sheep select a diet of

higher quality than cattle and the hypothesis is accordingly not refuted.

2.4.3 Effect of season on dietray quality
Dietary quality, in terms of CP and IVD, declined over the grazing seascn for both
cattle and sheep (Figs. 2.2 & 2.3). Dietary quality was highest in spring with extrusa

digestibilities in excess of 65 % but was lowest in winter with digestibilities of less than
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Table 2.2 Mean in vitro digestibility (IVD) and crude protein (CP) content of diets selected
by cattle and sheep at four sites in the Dohne sourveld. Meaus in the same row
with the same superscript are not significantly different at the 5 % level

e
CAMP
Animai  Variable  Year Bu:h Eragrostis Lands Shed
% HM
Stcep IVD 1 56.482 58.413 57.43% 58,792
2 50,89 52,913b 55,513 51,643
Cattle IVD 1 54,2180 53.20 54,8630 56,352
2 45,179 49,9030 52,468 49,6180
Sheep CP 1 7.120 7.4830 8.338 7.310
2 5218 5.782 5,883 6.017
Cattle cp 1 6.778 6,082 7,092 7.072

2 4,858 4,818 5.408 5.453

.« - .. - .

45 % being recorded at some sites. Similarly, in both animals, dietary CP was highest
in spring (>10 %) but lowest in winter when CP levels frequently declined to below 4 %
{Fig. 2.3). As expected, dietary quality was negatively correlated with days (P<0.0001)
since the start of the season, with this variable accounting for between 61 % to 79 %
of the variation in the data in both years {Table 2.3 & 2.4}. These trends corroborate the
hypothesis that in sourveld, there is a general decline in dietary quality over the grazing
season,

Despite this general consensus, the actual pattern of change over the season
varied markedly between years (Figs. 2.2 & 2.3), In year 1, dietary quality initially
declined from spring through to early summer before increasing to a second peak in
mid-season, The quality of diet selected thereafter fluctuated within relatively narrow
limits until autumn {c. 200 days}, whereafter it steadily declined to low winter levels.
In contrast, dietary quality in year 2 showed a steady decline almost from the start of
the season to reach a misimum around March {c. 150 days ) whereafter it remained

fairly constant. Consequently, in year 2 dietary quality reached minimum 'winter' levels
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Table 2.3 Linear regression equations for the relationship between the in vitro digestibilicy
(IVD} and crude protein {arcsine transformed) content of diets (CP) selected by
sheep over the whole grazing season and soil water content (SW), sward greenness
(GR), herbage mass (HM) and days from the start of the grazing season. Non-
significant relations are not shown

Variable Equation
Year 1: IVD
Day 67.66 - 0.0585x r2 = 0.61; F = 11{; %%

GR 4491 + 3.77x 2 = 0.60; F = 153.96; ¥*
HM 64.55 - 0.0041x 12 = 0.22; F = 19.29; ¥k
swW 55.11 + 0.101= r* =0.22: F = 19.092; ##%
Year 2: IVD

Day 65.24 - 0.0643x = 0.74; F = 151.14; #%%
GR 4891 - 3.53x + 1.34x* r* = 0.62; F = 43.28; ¥k%
HM 58.82 - 0.00339x r2=0.11; F = 6,67; %

SwW 47.28 + 0.186x r2 = 0.72; F = 134.03; %%
Year 1: CP

Day 0.0346 ~ 0.0000431x = 0.6%; T = 135.24; ¥&+*
GR 0.0169 + 0,00292x = 0,67: F = 130.24; ¥
HM 0.032 - 0.00000294x r2 = (,23; F = 19,60; *&*
W 0.0249 + 0.0000647x . rfs0.23; F = 19,26; ¥+ ..
Year 2: CP

Day 0.6321 - 0.0000453x 2 = 0.74; F = 151,03; %%
GR 0.0161 + 0.00263x 2 = 0.64; F = 100,24; *¥*
SW 0.0205 + 0.00011x r? o (,54; F = (3,84; *k*

almost 100 days sooner than in year 1. These differences suggest that the simple linear
decline in dietary quality which is commonly assumed to hold for sourveld may not
always occur, and that a bimodal trend may be evident in some situations.

In both years dietary quality fluctuated sharply over short time periods within
the grazing season in apparent response to changes in sward structure and/or rainfall
distribution. The effects of these variables on dietary quality will be examined further

in sections 2.4.5 end 2.4.6 respectively.

2.4.4 Effect of species composition on dietary quality
Overall, there was no significant difference in dietary IVD or CP between the different
camps {Appendix table 2.2) in either of the years studied. This indicates that species
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Table 2.4 Linear regression equations for the relation between the in vitro digestibility (IVD)
and crude protein {arcezine transformed) content of diets (CP) selezted by cattle
over the whole grazing season and soil water content (SW), sward greeuness (GR),
herbage mass (HM) and days from the start of the grazing season. Non-significant
relations are not shown

‘Variable
Equation
Year 1: IVD
X
Days 68.22 - 0,0827x r? = (,75; F = 214.7; &% "
GR 37.68 + 5,03x r? = (,77; F = 236.4; ¥&%
HM 62.27 - 0,0047x 12 = 0,16; F = 14.05; %%
swW 49,91 + 0.146x r= 0.27; F = 26.24; ¥¥*
Year 2: IVD
Days 62.02 - 0.0658x 2= 0.71; F = 134.66; #%*
GR 48,71 - 6,94 + 1,99% = 0,70; F = 61,74; ¥k
HM 55.59 - 0.0029x ré= 0,08; F = 4.97; %
sw 43.92 + 0.193x 1?= 0.77; F = 181.66; ¥
Year {: CP
Days 0.0341 - 0,0000513x r*= 0.66; ¥ = 106.88; #+*
GR 0.0130 + 0,00359x 2= 0.78; F = 192,79 #*%
HM 0,0324 - 0,00000427x r?= 0.27; F = 20.74; ¥r*
sw e 0.0235 +0.000086x T = 0.21; F =715.96; ¥ T
Year 2: CP
Days 00321 - 0.0000532x 2= 0.79; F = 204,17; ¥+
GR 0.014 + 0,00291x ri= 0,70; F = 129,16; %&%
sSwW ¢.0183 + 0.000132x r?= 0.50; F = 79.21; ¥+*

composition had little effect on dietary quslity in either cattle or sheep, However, when

compared on the basis of individual camps, the quality of diet selected on some camps '
was, on certain occasions,
significantly higher (P < 0.05) than that selected on others (Table 2.2}.

There was no relation whatsoever between veld condition score and the quality
of diet selected by either cattle or sheep (Table 2.5). This was evident whether the data
were analyzed over the growing season, dormant season or over the grazing season as
a whole. The hypothesis that species composition has an effect on dietary quality in

sourveld is therefore rejected.
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Table 2.5 Correlation coefficients for the relation between veld condition score and the /a
vitre digestibility (IVD) and crude protein (CP) content of diets selected by cattle
and sheep grazing the Dohne Sourveld in the growing season, dormant season and
over both of these seasons

Year 1 Year 2
Growing Dormant Both Growing Dorrnant Both
season season season season
Sheep: IVD -0,013 0.201 0.032 -0.172 -0.144 -0.081
cp -0.147 ~-0.089 -0.105 -0.069 G049 0.069
Cattle: IVD 0.107 0.071 0.033 -0.178 -0,258 -{0.08
CP -0.109 0.087 -0.037 0.01 0.023 0.105
e r————r R
2.4,5 Effect of sward structure on dietary quality
2.4.5.1 Analysis of sward structure

Principal components analysis indicated that at all sites the majority (>70 %) of
variance in the sward structure data could be accounted for by the first two ordination
axes (Table 2.6). Similarly, at all sites, herbage mas;s, plant height and leaf table height
were all correlated with axis I while greenness was positively correlated with axis 2.
Stemminess was not consistently correlated with either axis (Table 2.6).

The first axis therefore appears to represent a gradient from short swards where
herhbage mass was low, to tall swards with a large mass of accumulated herbage. In
contrast, axis 2 appears to represent a gradient of sward greenness from swards
comprised almost enirely of green leaf to those largely dominated by senescent
material. These trends are Illustrated in Figure 2.4 with short, frequently-grazed blocks
on the left, and tall, infrequentiy-grazed blocks on the right of the ordination disgram.
Similarly, a distinct seasonal gradient was evident through axis 2, from blocks grazed
in spring at the top going down successively through those grazed in summer, sutumn
and finally winter at the bottom of this axis. Stemminess did not appear to be an
important component of sward structure, largely because of the very low levels of
stemminess excountered at most sites.

Inter-parameter correlations for sward structure and other variables in the
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growing and dormant sezsons are presented in Tables 2.7(a} and 2.7(b). As would be
expected, the proportion of green leaf in the sward declined as plant height and berbage
mass increased in the growing season. Similarly, greenness tended to deciine while
herbage mass accumulated with time through the season. Greenness was negatively
correlated with total growing days in the growing season when herbage mass would tend
to accumulate under favourable growing conditions (Table 2.7) but, inierestingly, was
positively correlated with this variable in the dormant season. This is prest nably
because favourable conditions late in the season would not stimulate growth but would

tend to maintain leaf viability, delaying senescence until later in the season.

2.4.5.2 Effect of sward structure on dietary quality

Dietary quality in tertas of CP and IVD was strongly (P<0.0001) correlated with sward
greenness but negatively correlated with herbage mass during the growing season (Table
2.8). These relations were significant for both cattle and sheep, and across both years.
In certain cases, dietary quality was also negatively correlated with plant height (Table
2.8). The relation betw=en stemminess and dietary quality was inconsistent (Table 2.8},

- possibly due to thevery low levels of sternminess encounecred in most dlosks. However, -

dietary quality did appear to decline with increasing stemminess above a stemminess
score of about 1.5. {Fig.2.7).

Within the dormant season, dietary qusality showed a general, positive relation
{Ps0.05) with sward greenness but the relation was weaker than that observed in the
growing season. Plant height, herbage mass and stemminess gppeared to have no effect
on dietary quality in the dormant season (Table 2.8). When considered over the whole
grazing season, i.e. the growing and dorrnant seasons, dietary quality showed a similar,
positive (P<0.0001) response to sward greenness but declined (P<0.05) with increasing
herbage mass for both animals (Tables 2.3 & 2.4). Cverall, sreenness accounted for the
largest proportion of the variability in the data {r® = 0.62 - 0.77) of all variables.
Multiple linear combinations of other structure variables both with and without
greenness failed to improve on the predictive power of the former variable and these

madels are cansequently not presented,
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» = possibly due to the very low levals of stesnminess encountered inzoost blacks. However, ..

dietary quality did appear to decline with increasing stemminess above a stemminess
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(P<0.05) with sward greenness but the relation was weaker than that observed in the
growing season, Plant height, herbage mass and stemminess appeared to have no effect

on dietary quality in the dormant season (Table 2.8). Waen considered over the whole

grazing season, i.e, the growing and doermant seasons, dietary quality showed a similar,
positive {P<0.0001) response to sward greenness but declined (P<0,05) with increasing
herbage mass for both animals (Tables 2.3 & 2.4). Overall, greenness accounted for the
Iargest proportion of the variability in the data (r* = 0.62 - 0.77) ot all variables.
Multiple linear combinations of other structure variables both with and without
greenness failed to improve on the predictive power of the former variable and these

models are consequently not presented.
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Table 2.6 Correlation coefficients of different sward struture variables with principal component axes I and 2 for the different sites used in the
P experiment. (For sheep shed, 1 = T. leucothrix, 2 = A, appendiculat.sand 3 = A. semialata. For eragrostis, ! = E. plana, 2 = T. triandra
L and 3 = 'sward’. For lands, 1 = H. hirta, 2 = H, contortusand 3 = ‘sward'. For bush, | = T. triandra, 2 = A. appendiculatusand 3= T.

lorsothrix)
P e " —— .
: . CAMP
_" BUSH ERAGRL.TS OLD LANDS SHEEP SHED
(\ VARIABLE AXIS] AXIS 2 As}(IS 1 AXIS2 AXIS 1 AXIS2 AXIs AXIS 2
Herbage mass 0,315 -0.219 0.353 -0,136 0.341 -0.605 0.175 -0.326
Piant height 1 {.352 -0.162 n.382 -0,028 0.350 0.122 0.333 0.109
Leaf table height 1 0.363 -0.114 0.387 -0.003 0.338 0.161 0.381 0.112
Stemminess 1 0.099 0.207 0,055 0.173 0.325 -0.178 0.079 0.287
} Greanness 1 0.128 0.505 -0.080 0.529 -(,196 0.471 0.128 0.469
Plant height 2 0.363 -0.103 $.369 -£.02% 0.366 0.031 0.382 -0.184
L Leaf table height 2 0.368 ~0.599 £.349 0,119 ¢339 0.181 0.404 ~( 085
Stemminess 2 ‘ 0 266 0.077 1.085 -0.187 -0.053 0.196 0.182 0.092
Ureenness 2 0.141 0.491 -5.058 0.523 -0.159 0.506 2.112 0.476
Piant height 3 0.359 -0.06% 0,345 0.151 0.338 0.133 0.383 -0,185
Leaf tabie height 3 0.331 0.051 $.371 0.131 0.305  0.238 0.404 -0.118 N
! Stemminess 3 0.041 0.321 4.198 0.168 0.075 0.106 80,120 0.04"
o‘ Greenness 3 0.130 0.497 -9.054 0.522 -0.098 0.537 {.058 0,488
E % Varlance accounted for 6.543 0.249 0.460 0,247 0.536 0.234 0.420 0.282
e e L e e R I e ——
]

[
N




Table 2.7a

Inter-parameter correlation coefficients for the growinyg season in year 1 (n = 2,
znd year 2 {n = 24}, Data are from all sites

Stemminess

Grewing days l‘i-Ierbage mar3 Plant height
Yegr 1 j
Soil water 0.198
Growing days 0.6G7%E 0,473%%
Herbage mass 0.81 445 0.338% 0.821%%*
Plant height 0.4574% 0.445%% 0.745%+% 0.677%%*
Stemminess 0.278 0.164 0.265 0.218 0.519%*
Greenness -0.927%%% -0.159 ~0,656%+* -0.718%%* ~0.456%* -0,422%
i
Year 2 ‘
Soil waier -0.892%%*
Growing days 0.359 -0.475
Herbage mass 0.428% -0.,433% 0.501%%E i
Plant height 0.284 ~0.350 0.832%%¢ ' (,858%%%
Stemminess -0.198 0.091 0.112 0.126 0.503%
Greenness ~0.790%k* 0.816%+* -0.458* f -0.483% -0.450% -0.093

|

[
o2
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Table 2.7b Inter-parameter correlation coefficients for the dorma'-:lt season in year I (n = 14)
and year 2 (n = 19). Data are from all sites

- Day Soil water Growing days Herbage mass Pl:lt height Stemminess
& Year 1 ’
Soil water ~0.181 .
Growing deys ~0.489 -0.375
Herbae mass -0.242 -0.100 0.700%*
Plant height -0.135 -0.278 0.572% ' 0.562%
Stemminess 0.364 -0.315 0194 0100 0.686%+
Greenness -0.654* 0.185 0.155 0.127 -(.042 -0.612%
}
Year 2 !
Soil water 0.330 |
Growing days -0.610%* -0.039 '
Herbage mass 0.103 0.765%%* 0.333
Plant height -0.261 0.433 0.543% ’ 0,841%%%
Stemminess -0.160 0.549 0.210 : 0,013 0.764%%*
l Greenness -0.777%%% -0.247 0.623¥* -0.007 0.164 0,013

fel
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The ahove results are expected and are in genera! agreement with the hypothesis
that dietary quality should be positively related to sward greenness but negatively
related to herbage mass and plant height, Accordingly, the hypothesis that sward
structure has a major effect on dietary quality is not refuted. However, the nature of
the relationship between dietary quality and greenness is surprising; intuitively a linpsr
response would be expected with quality a constant function of the proportion of grecn
leaf in the sward. In practice, with the excepiion of sheep IVD in year 1, a strong
curvilincar or threshold response was evident (Figure 2.5 & 2.6 ). Dietary quality showed
a strong; linear response to the proportion of green leaf in the sward above a greerga:s
score of 3-3.5. However, below this level, the response was considerably weaker, e.g.
catgle IVD (year 1), while in some cases dietary quality remained almost constant over
a range of greenness va..es, e.g. sheep CP (year 1).

The similarity in respouse to sward structure by cattle and sheep is also
surprising. Althcugh sheep appeared te he marginslly more sensitive to piant height and
herbage mass {Table 2.8), dietary quality in both animals generally reacted in a very
similar fashion to changes in sward structure.

L, . en P - . e . - . - e ma e T

248 Effect of soil moisture on dietary quality

The seasonal changes in dietary qua.lity pi:ééented in section 2.4.3 appeared to reflect,
in part, changes in rainfail distribution over the grazing season. This aspect was further
investigated by plotting dietary quality against daily soil moisture balance through the
two years of the study (Figs. 2.8 & 2.9). For both cattle and sheep, dietary CP and IVD
appeared to respont strongly to changes in soil water balance, generally increasing as
available moisture increased but declining as the soil profile dried out during mid-season
droughts or towards the end of the growing season. This is best illustrated in the
1990G/1991 season when dietary CP declined by nearly 50 % during an early summer
drought but recovered sharply when soil moisture was replenished (Figs. 2.8 & 2.9).
Sinprisingly, dietary quality i the growing season was only correlated with soil moisture
content in year 2 with no relation being evident in year 1., This probably reflects
differences in sward structure resulting in considerable fluctuations in dietary quaiity
at fairly constant zoil moisture levels. Dietary quality was also unrelated to soil

moisture in the dormant season, possibly reflecting the uniformiy low levels of both
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Table 2.8 Correlation coefficients for the relation between the in vitro digestibility of dieis
selected by sheep and cattle with plant height, herbage mass, stemminess and
greenness, Data are from al! sites

e Lo e ]
GROWING SEASON DORMANT SEASON
Year 1 Year 2 Year 1 Year 2
Sheep: IVD (n=53) {n=35) (n=19) (n-22)
Plant height -0.348% ~0.370% 0.027 -0.153
Herbage mass -0.413%% ~0.435%+* 0.065 0.027
Stemminess -0.235 0.230 -0.275 0.116
Greenness 0.530++* 0.753%%¢ 0.541* 0.357
Sheep: CP {n=52) (n=34) (n=15) {n=22)
Plant height -0.132 -(,425% 0.307 0.085
Herbage mass ~0,419%* -0, 4310 -0.110 0.209
Stemminess -0.084 0.059 0.201 -0.008
Greenness 0.61 44+ 0.772%%% -0,093 0.555%*
Cattle: IVD {n=53) (n=35) (o=21) {n=22)
Plant height -0.215 ~0.256 -0.054 ~0.066
Herbage mass ~0.347% -0,338% -0.001 -0.078
Stemminess . -0.248 0.270 -0.108 0.128 _ _
Greennes 0.569ik " 0.782k#s 0.543% "-0.227
Cattle: CP (n=46) {n=34) {n=12) (n=22)
Plant height -0.210 -0.410% -0.180 0.234
Herbage mass -0.359% -0.473%% 0.232 0.371
Stemminess -0.364% 0.013 ~,466 0,154
CGreenness 0.600%%* 0.787%%% 0.586* ¢.527%

quality and soil moisture at this stage.

Dietary quality was negatively correlated with total growing days between

Aefoliations during the growing season in both years {Table 2,9 ) presumably bacause

herbage mass would tend to accumulate with increased growing days. Conversely, there

was a positive relation between dietary quality and this variable during the dormant

season.

2.5

Discussion

Sward structure had a major effect on dietary quality in both cattle and sheep. Of the
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Table 2.9 Correlation coefficients for the relation hetween soil meisture content and total
growing days between defoliations, and the in vitro digestibility (IVD) and crude
protein content (CP) of diets selected by cattle ond sheep in the growing and
dormant seasons

Year 1 Year 2
Growing Dormant Growiag Dormant
season season season s3a50n

Sheep: IVD
Soil water 0.144 0,171 0.81 (%% 0.034
Growing days ~{),455%F% 0.283 -(0.646%%* -0.026
Sheep: CP
Soil water 0.173 -0.292 0.740%%% 0.272
Growing days ‘ -0.345% 0.153 -0.457%% 0.424%
Caitle: IVD
Soil water 0.245 0.152 0.832%k% -0,153
Growing days ~0.341% 0.228 -0.437%% -0.334
Cattle: CP
Sofl water =~ -~ Coba2sd™ T 063" T 0.764%x™ ™ (0,376
Growing days -0.343* 0.055 -0.434% 0.534

sward structure varlables considered, sward greenness was the single most important
determinant of dietary quality in both animals, in agreement v..th findings on other
tropical and temperate pastures (Hamilton et al. 1973; Chacon et al. 1978; Forbes &
Coleman 1993}, This relation is logical; green leaf is the highest quality component
within the sward (Juke & Bredon 1961) and dietary quality is strongly currelated with
the amount of leaf in the diet (O'Reagain 1989). At high greenness values, swards were
relatively undlluted by senescent material, allowing selection of a high leaf-high quality
diet. Conversely, at low values, green leaf was scarce and highly dispersed amongst low
quality dead material, depressing the average quality of bites available to the animal.
Interestingiy, the response to greenness was non-linear with the major response
occurring above a greenness level of 3 - 3.5 (Figs. 2.4 & 2.5). Below this level, the
response was considerably weaker, and in sorne cases almost non-existent. Forbes and

Coleman (1993) similarly noted that cattle grazing Bothriochioa pastures were able to
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harvest diets of equivelent digestibilities over a wide range of green leaf availabilities.
This suggests, in agreement with Topps {1962), that animals are, to a certain extent,
able to mitigate the effects of declining green leaf availability by becoming increasingly
selective. This is corroborated by the fact that for cr 'z, biting rates generally
declined with decreasing greenness (Section 3.4.1.2) presumably because animals spent
more time searching for and/or manipulating bites.

Dietary quality was negai'.ively related to herbage mass and sward height, at least
within the growing season. This concurs with findings on other tropical {Chacon et al.
1978; O'Reagain 1990} and temperate pastures (Arnold 19G); Hamilton et al. 1973).
Short, frequently-grazed swards provide a dense, concentrated layer of high-quality leaf
material. As swerds increase In height and available herbege, however, shading
increases leaf senescence, diluting the availability and acces.ibiiity of green leaf in the
sward (Table 2.7). Increasing sward height, may also affect bite size and plant part
consumption by the grazing enimal. On short swards, bite depth is restricted, limiting
grazing to the upper horizon which is the highest quality substrate within the sward
(Hodgson & Maxwell 1981). However, with increasing height, animals would have
extended bite depth, incrensing consumption of underlying psevdostem and desd meaterial
(Barthram 1981) with a consequent decline in dietary quality.

Leaf quality is also likely to decline with increasing herbage height and mass
(Grieve & Osbourn 1965; Muldoon & Pearson 1977; Minsun 1984) due to increased
lignification with leaf age (Wilson 1976; Wilson & t'Mannetjie 1978). Later leaves of
higher insertion on the tiller are also Iikely to be of relatively lower quality than earlier
ones produced lower down (Wilson 1973; Wilson 1976; Wilson & Ng 1975). Large leaves
on tall swerds also have a relatively greater cell wall content due to their greater
demands for structural strength (Wilson 1976).

Dietary quality also declined as swards became increasingly stemmy but this only
occurred at old lands camp where the stem densities of H. hirta approached levels
sufficient to affect bite quality (Fig. 2.7 ). This is in agreement with the findings of
Chacon et al. (1978) for cattle grazing a Seiaria sphacelata pasture. While young stems
may be reasonably digestible (Norton 1981) stems are generally lignified and of poor
quality (Juko & Bredon 1961). Ganerslly, stems are avoided, forming less than 20 % of
cattle diets (O'Reagain & Mentis 1988) and less in sheep (O'Reagain; unpublished data)
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s0 it is unclear why increasing stemnminess should depress dietary quality. However, at
high stem densities, animals may be unable to select leai without consuming a —ertain
amount of stem. Alternatively, stemminess may restrict access to leaf within the tuft
{Arnold 1962) forcing animals to consume lower-quality dead or partly-senescent
material, Thus, on some occasions, cattle at old lands camp were observed to consume
large amounts of stem without attempting to graze the leaf clusters at the base of the
piants. Whatever the explanation, the site in question is atypical of sourveld, and it
may be concluded that under most circumnstances, stenminess is not an important
determinant of dietary quality on this veld type.
There were marked seasonal changes in dietary quality over the grazing season
with CP and IVD being highest ir spring but lowest in winter for both cattle and sheep.
This trend is characteristic of sourveld (Tainten 1981) and has been widely reported in
other sourveld areas, e.g. Smith (1961b); Elliot et al. (1965); Shackleton & Mentis (1992).
The present trends largely reflect seasonal changes in leaf quality and sceessibility to
the grazing animal. Early in the season swards are open and leaf is accassible, allowing

selection of a high-quality diet. As the season progresses the increasing maturity of the

gress layar wesults.in a gradual decline. in (he proporticn. and accessibility of the .

available leaf. This is paralleled by increasing consumption of dead material {O'Reagain
1989) and an associated decline in dietary quality. In autumn, widespread leaf
genescence in response to low soil moisture and periodic frosts occurs (Wilson & Ng
1978; Wilson & t'Mannetjie 1978} forcing animals to subsist on a diet of predominantly
dead material (O'Reagain 1989} of low quality.

There are also marked changes in leaf quality over the grazing seeson. In spring,
soil wetting after the dry winter leads to rapid microbial mineralization of organic
matter releasing a large pulse of available nitrogen (Birch 1958) which may vary from
13 to 183 kg of N per hectare {Semb & Robinson 1969). This is rapidly absorbed by
plants producing high quality herbage. As pulse size is directly dependent upon the
length of the dry cycle (Birch 1960), it is suggested that shorter wetting and drying
cycles later in the seascn produce less N possibly explaining the relatively low quality
of green herbage at this time. Leaves produced later in the season may also be of lower
quality due to their higher insertion in the grass tiller (Wilson 1973; Wilson 1976). The

mass translocation of herbage N ar.t ~arbohydrates to below-ground roots and crowns
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in the late season {Clark 197%), a characteristic of perennial grasses, is likely to depress
herbage quzaiity further as winter approaches.
In winter, the quality of standing herbage may be further reduced by adverse o
weather conditions. Frosting of green leaves leads to a sharp drop in digestibility and b _ L
nitrogen content {Wilson & t'Mannetjie 1978} while freezing and thawing of senescent o
material may lead io respiration and leaching loases of more digestible tissue
constituents (Ocumpaugh & Matches 1977; Wilsen 1981). Such losses may be exacerbated
by rainfail and increased temperatures {Hart et al. 1969).
Within the growing season, marked intra-seasonal fluctuations in dietary guality
were also evident. Aside from the effects of sward structure, these fluctuations appear
to reflect temporal patterns of rainfall distribution through the season as reported on
other subtropical pastures (McKay & Frandsen 1969; Dradu & Harrington 1972). This
effect was particularly pronounced in year 1 when dietary quality dropped sharply during
| s mid-season drought but subsequently recovered when soil moisture levels were
b -_ replenished. Sirnilarly, in year 2, quality closely paraileled declining soil moistire ievels
after the cessation of rain in mid-season (Figures 2.8 & 2.9). Although :noisture stress
;,. . ~ accelerates leaf senescence {Wilsen & Ng 1975; Wilson & t'Mannetiie 1978) thisgid act
. appear to occur in the present study where leaves rolled and wilted but largely remained
green during dry spells.
These patterns appear to conflict with accepied theory that herbage quality
generally improves under conditions of .noisture stress (Wilson 1981 but see Wilson &
Mg i975). However, the majority of evidence (Wilson loc. cit.) is derived from
- cultivated pastures where soil nutrient levels are genera.ly adequate. In contrast, on
'\ most rangeland soils N is released in conjunction with soil wetting and drying cycles
{Birch 1958; with N-availability declinirg as soils dry out (Millbank 1956; Birch 1960).

j This possibly accounts for the relatively lower herbage guality observed in the present
il study under dry conditions. Growth also slows down with restricted soil moisiure and
may reduce herbage quality as cell wall contents tend to be higher when growth is slow
" b (Wilson 1976). The decline in leaf appearance rates (Wilson & t"Mannetjie 1978) would | :7!4
also reduce quality by increasing mean leaf age ip the sward. S
N In apparent contradiction to the above, dietary quality was negatively related to ¥

total growing days between defoliations, a variable largely dependent upon soil
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moisture. However, herbage raass and height increased with growing days resulting in
a probable decline in herbage quality due to a change in sward structure. This suppuais
the observation by graziers that provided herbage availability is not restricted, animal
production is relatively better in dry than in wet years (t'Mannetjie, cited by Wilson
1981).

Fire had a major effect on dietary quality with diets selected in the yvear of the
burn being of significantly higher quality than those selected the subsequent year, This
substantiates results from other grassiand areas, e.g. Mes {1958); Tainton et al. (1977);
Svejcar (1988); Shackleton & Mentis (1892), although in these studies the effects of fire
were found o be relatively transient and mainly confined to the early season. In the
present study, aside from the spring, the major difference occurred in mid-season with
quality declining to winter levels approximately 100 days sooner in the non-burn year
(Figures 2.2 & 2.3 }. However, due to the marked differences in rainfall distribution
between the two years (Figure 2.1) this /difference cannot be solely attributed to the
effects of fire,

The effects of fire on dietary guality may be partly attributed to its effects on

. sward strmcizre;. burning prevegtgthe.carty -over of poor-quslity residyes into the next

season resulting in concentrated leafy regrowth uncontaminated by stem or senescent
material. However, the main impact of burning probably résults from its effects on
nutrient cycling. Burning releases large amounts of nutrients tied up in senescent
material and litter, increasing the availability of N and other soil nutrients (Sharrow
& Wright 1976; Kellman et al. 1985; Stock & Lewis 198€). Excluding volatilisation losses,
estimates of N~input vary from 23 kg N/ha for prairies (Sharrow & Wright 1976) to 60
kg N/ba for macchia (Stock & Lewis 1986) but are probably close to the former level
for sourveld. Such nutrients are rapidly absorbed {Sharrow & Wright 1976; Kellman et
al, 1985) and shunted into the leaves (Clark 1977) producing herbage of high nutrient
quality (Sha-kleton & Mentis 1992). Although the results ax.. equivoeal, e.g. Sharrow
& Wright (1976), the effects of fire on soil nutrient levels do not appear to be transient
and = ~y still be detected some months after burning (Kellman et al 1985; Stock & Lewis
1986), A gradual wind-down in herbage quality with subsequent seasons after the burn
may be expected, resuiting from the accumulation of senescent raterial and N~
immobilization in this fraction (Clark 1977).

e e
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harvest diets of equivalent digestibilities over a wide range of green leaf availabilitice.
This suggeuts, in agreement with Topps (1962), that animals are, to a certain extent,
able to mitigate the effects of declining green leaf availability by becoming in sreasingly
selective. This is corroborated by the fact that for cattle, biting rates generally
declined with decreasing greenness (Sectior 3.4.1.2) presumably because animals spent
more time searching for and/or manipulating bites.

Dietary quality was negatively related to herbege mass and sward height, at least
within the growing season. This concurs with :indings on other tropical {Chacon et al.
18678; O'Reagain 1990} and temperate pastures (Arnold 1960; Hamilton et al 1973..
Short, frequently-grazed swards provide a dense, concentrated layer of high-guality leaf
material. As swards increase in height and available herbage, however, shading
increases leaf senescence, diluting the availability and accessibility of green leaf in the
sward {Tr.iz 2.7). Increasing sward height, may also affect bite size zand plant part
consumption by the grazing animal. On short swards, bite depth is restricted, limiting
grazing to the upper horizon which is the highest quality substrate within the sward
(Hodgson & Maxwell 1981). However, with increasing height, animals would have
extuided bite depth, fncreasing consymption of under]lying pseudgstem and dead materjal
(Barthram 1981) with a consequent declire in dietary quality.

Leaf quality Is also likely to decline with increasing herbage height and mass
(Grieve & Osbourn 1965; Muldoon & Pearson 1977; Minson 1984) due to Increased
lignification with leaf age (Wilson 1976; Wilson & 'tMannetje 1978). Later Ieaves of
higher insertion on the tiller are also iikely to be of relatively lower quality than earlier
ones produced lower down (Wilson 1973; Wilson 1976; Wilson & Ng 1975). Large leaves
on tall swards also have a relatively greater c~il wall content due to their greater
demands for structural strength (Wilson 19786).

Dietary quality also declined as swards became increasingly stemmy but this only
orrred at old lands camp where the stem densities of H. hirta approached levels
sufficient to affect bite quality (Fig. 2.7 ). This is in agreement with the findings of
Chacon et al. (1978) for cattle grazing a Setaria sphacelata pasture. While young stems
may be reasonably digestible (Norton 1981) stems are generelly lignified and of poor
quality (Juko & Bredon 1961). Generally, stems are avoided, forming less than 20 % of
catile diets (O'Reagain & Mentis 1988) and less in sheep (O'Reagain; unpublished data)
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harvest diets of equivalent digestibilities over a wide range of green leaf availabilities.
This suggests, in agreement with Topps (1962), that animals are, to a certain extent,
able to mitigate the effects of declining green leaf availability by becoming increasingly
selective. This is corrchorated by the fact that for cattle, biting rates generally
declined with decreasing greenness (Section 3.4.1.2; presumably because animals spent
more time searching for and/or manipulating bites,

Dietary quality was negatively related co berbage mass and sward height, at least
within the growing season. This conrurs with findings on other tropical {Chacon et al.
1978; O'Reagain 1990) and temperate pastures {Arnold 1960; Hamiltoa et al 1973).
Short, frequently-grazed s.wvards provide a dense, concentrated layer of high-quality leaf
material. As swards increase in height and available herbage, however, shading
increases leaf senescence, diluting the availability and accessibility of green leaf in the
sward (Table 2.7}, Increasing sward height, :nay also affect bite size and plant part
consumption by the grazing animal. On short swards, bite depth is restricted, limiting
grazing to the upper horizon which is the highest quality substrate within the sward

(Hodzson & Maxwell 1958i). However, with increasing height, animals would have

extended bite depth, jporeasing consumption of underlying pseutusicm and dead material

(Barthram 1981) with a consequent decline in dietary quality.

Leaf quelity is also Iikely to decline with incressing herbage height aud mass
{Grieve & Osbourn 1965; Muldoon & Pearson 1977; Minson 1984) due to increased
lignification with leaf age \Wilson 1976; Wilson & 'tMannetje 1978). Later leaves of
higher insertion on the tiller are also likely to be of relatively lower quality than garlier
ones produced lower down (Wilson 1973; Wilson 1976; Wilson & Ng 1975). Large leaves
on tall swards also have a relatively greater cell wall content due to their greater
demands for structural strength (Wilson 1976).

Dietary quality also declined as swards became increasingly stemrny but this only
occurred at old lands camp where the stem densities of H. hirta approached levels
sufficient to affect bite quality (Fig. 2.7 }. This is in agreement with the findings of
Chacon et al, (1978) for cattle grazing a Setaria sphacelata pasture. While young stems
may be reasonably digestible {Norton 1981) stems are generally lignified and of poor
quality (Juko & Bredun 1961). Generally, stems are avoided, forming less than # % of
cattle diets (O'Reagain & Mentis 1988) and less in sheep {O'Reagain; unpublished data)
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s0 it is unclear why increasing stemminess should depress dietary quality. RHowever, at
high stem densities, animals may be unable to select leaf without consuming a certain
amount of stem. Alternatively, stemminess may restrict access to leaf within the tuft
(Arnold 1962} forcing animals to consume lower-quality dead or partily-senescent
material. Thus, oh some occasions, cattle at old lands camp were observed to consume
large amounts of stem without attempting to graze the leaf clusters at the base of the
plants, Whatever the explanation, the site in question is atypical of sourveld, and it
may be concluded that under most circumstances, sternminess is not an important
determinant of dietary quality on this veld type.

There were marked seasonal changes in dietary quality over the grazing season
with CP and IVD) being highest in spring but lowest in winter for both cattle and sheep.
This trend Is characteristic of sourveld (Tuinton 1981) and has been widely reported in
other sourveld areas, e.g. Smith (1961b); Elliot et al. (1965); Shackleton & Mentis (1992},
The present trends largely reflect seasonal changes in leaf quality and accessibility to
the grazing anlmal. Early in the season swards are open and leaf is accessible, allowing
selection of a high-qualicy diet. As the season progresses the increasing maturity of the
grass, layer. vesults. in a.gradual decline in the proportion, and accessibility of the
available leaf. This is parallelad by increasing consumption of dead material {O'Reagain
1989) and an associated decline in dietary quality. In autumn, widespread leaf
senescence ki response to low soil moisture and periodic frosts occurs {Wilson & Ng
197%; Wilson & 'tMannetje 1978) forcing animals to subsist on a diet of predominantly
dead material (O'Reagain 1989} of low quality.

There are also marked changes in leaf quality over the grazing season. In spring,
soil wetting after the dry winter leads to rapid microbial mineralization of organic
matter releasing a large pulse of available nitrogen {Birch 1958) which may vory from
13 to 183 kg of N per hectare {Semb & Robinson 19869). This is sopidiy absorlod by
plants producing high quality herbage. As pulse size is Jdirectly denendent upoen the
length of the dry cycle (Birch 1960}, it is suggested that shorter wetting and drying
cycles later in the season produce less M possib' explaining the relatively low quality
of green herbage at this time. Leaves produced later in the saoson may aso ba of lower
quality due to their higher insertion in the gruss tiller (Wilson 1973; Wilson 1976). The

mass translocation of herbage N and coshohydrates to helow-ground roots and crowns
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in the late season (Clark 1977), a characteristic of perennial grasses, is likely to depress
herbage quality further as winter approaches.

In winter, the quality of standing herbage may be further reduced by adverse
weather conditions. Frosting of green leaves leads to a sharp drop in digestibility and
nitrogen content (Wilson & 'tMannetje 1978} while freezing and thawing of senescent
material may lead to respiration and leaching losses of more digestible tissue
constituents (Ocumpaugh & Matches 1977; Wilson 1981). Such lesses may be exacerbated
by rainfall and increased temperatures (Hart et al, 199\,

Within the growing season, marked intra-seasonsl fluctuations in dictary quality
were also evident, Aside from the effects of sward structure, these fluctuations appear
to reflect temporal patierns of rainfall distribution through the season as reported on
other subtropical pastures (McKay & Frandsen 1969; Dradu & Harrington 1972). This
effect was particularly pronounced in year 1 when dietary quality droppod sharply during
a mid-geason drought but subsequently recoversd when soll moisture levels were
replenished. Similarly, in year 2, quality closely paralleled declining soil moisture levels
after the cessation of rain in miu-season (Figures 2.8 & 2.9), Although mo' “ure stress

accelerates leaf senescence (Wilson & Ng _1975; Wilson & "tMannetje 1978) this did not

appear to occir in the present study where leaves rolled and wilted but Jargely remained
green during dry spells,

These patterns appear to conflict with accepted theory that herbage quality
generally improves under conditions of tnnisture stress (Wilson 1981 but see Wilson &
Ng 1975). However, the majority of evidence {Wilson lac. cit.) Is derlved from
cultivated pastures where soil nutrient levels are generally adzquate. In contrast, on
west rangelana soils N is released In conjunction with soil wetting and drying cycles
(Birch 1953} with N-availahility declining as soils dry out (Milibank 1956; Birch 1960).
This possildy accounts fur (e relatively lower herbage quality obscrved in the present
otixdy under dry conditions. Growth also slows down with restricted soil moisture and
riay reduce herbage quality as cell wall contents tend to be higher when growth is slow
(Wilson 1976). The decliue in leaf appearance rates (Wilson & 'tMannetje 1978) would
also reduce quality by increasing mean leaf age in the sward.

In apoareue contradiction to the above, dictary quality was negatively related to

total growing days between defoliationg, a varviable largely depesmdant upon seil
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moisture, However, herbage mass and haight increased with growing days resulting in
a probable decline in herbage quality due to a change in sward structure. This supports
the observation by graziers that provided herbage availability is not restricted, animal
production is relatively better in dry than in wet years ("t Mannetje, cited by Wilson
1981).

Fire had a major effect on dietary quality with diets selected in the year of the
burn being of significrntly higher quality than those selected the subsequent year. This
substantiates results from other grassland areas, e.g. Mes (1958); Tainton et al, (1977);
Svejcar (1988); Shackleton & Mentis (1992), although in these studies the effects of fire
were found to be relatively transient and mainly confined to the early season, In the
present study, aside from the spring, the major difference occurred in mir-season with
quality declining to winter levels approximately 100 days sooner in the non-burn year
{Figures 2.2 & 2.3 ). However, due to the marked #if | rences in rainfall distribution
between the two years (Figure 2.1) this difference cannot be solely attributed to the
effects of fire.

The effects of fire on dietary quality may be partly attributed to its effects on

. sward structure; burning prevents the carry;over of L 2or-quality residues into tiie next

season resulting in concentrated leafy regrowth uncontaminated by stem or senescent
material. However, the main impact of burning probably results from its effects on
nutrient cycling. Burning releases large amounts of nutrients tied up in senescent
material and litter, increasing the availability of N and other soil nutrients (Shairow
& Wright 1976; Kellman et al, 1985; Stock & Lewis 1986). Excluding volatilisition losses,
estimates of N-input vary fror 23 kg N/ha for piairies (Sharrow & Wright 1976) to 60
kg N/ha for macchia (Stock & Lewis 1986) but are probably close to the former level
for sourveld. Such nutrients are rapidly absorbed (Sharrow & Wright 1976; Kellman et
al, 1985) and shunted into the leaves (Clark 1977) producing heibage of high nutrient
quality (Shackleton & Mentis 1992}, Although the results are equivocal, e.g. Sharrow
& Wright (1976), the effects of fire on soil nutrient levels do not appear to be transient
and may still be detected some months after burning (Kellman et aJ 1985; Stock & Lewls
1986}. A gradual wind-down in herbage quality with subsequent. seasons after the burn
may be expected, resulting from the accumulation of senesceat material and N-

immobilization in this fraction (Clark 197 /7).
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In general, sheep selected diets of higher CP and IVD than cattle, in agreement
with findings from other vegetation communities ranging from temy 3:zte grasslands
(Grant et al. 1965) and sown pastures {Dudzinski & Arnold 1973) to sezai-arld rangelands
(Zeeman et al. 1983; 1984). This reflects the grea: »r selective ability of sheep arising
from fundamental differences in muzzle width, curvature of the incisor arcade, lip
mobility and grazing method betwe~n the two animals (Owen-Smith 1982; Chambers et
al, 1981; Grant et af 1985; Gordor & Illius 1988 ). Despite this, it is surprising that in
the present study, the two animals appeared to be equally vulnerable, in terms of
dietary quality, to changes in sward structure. It is particularly noteworthy that sheep
appeared to be particularly sensitive to very tail, rank swards and, on occasion, selected
diets of considerably lower quality on these swards, than did cattle. Sheep graze deeper
iato the sward profile than do cattle {Forbes 1982 cited by Grant et al. 1985) and on tall
swards may have inadvertently consumed lower quality leaf or senescent material in the
sub-cancpy. In contrast, if ca*- re grazing in the top horizon &s observed by Forbes
{loc. cit.), they would have ..,..ted the higher quality green leaf which is usually
concentrated at the top of the canopy. This suggests that sheep have an innate,
relatively inflexible- foraging strategy,-e.g. graze short grass, which is normeally
successful for their foraging niche, but which fails is less effective when they are
forced to forage wn swards to which they are ill-adapted.

The results of the present study suggest that in sourveld sward specles
compaosition has little or no effect on dietary quality. Dietary quality was also
unrelated to veld condition score in both the growing and dormant seasons, in general
agreement with findings in other sourveld regions in South Africa. Mentis (1982),
working in the moist tall grassveld of Natal, reported that while the quality of diet
selected by cattle was strongly related to time since the start of the grazing season,
it was onrelated to species composition. Hardy (1986), repeated Mentis's (Joc. cit.)
experirnent on a different sourveld type, but could also not detect any relation between
dietary quality and species composition over the grazing season as a whole, although
a significant v~ atic» o6 deiected in summer (Hardy 1986). O'Reagain and Mentis
(1990) also failed to find any relation between dietary quality in cattle and veld
condition even when a variety of methods were used to index species composition, The

present results therefore appear to confirm the assercion that the effects of species
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composition on dietary quality are negligible in sourveld (O'Reagain & Mentis 1990) and
largely overridden by sward structure and season.

Unfortunately, a major shortcoming of the present study is that dietary quality
was estimated from fistula samples collected within the first 20-30 minutes of
occupation in a particular biock, Cver this short time period, animals would have had
the opportunity to be extremely selective and graze only the highest guality species
present. This is likely to have occurred even on swards with a preponderance of
unpalatable species, thereby masking any potential longer-term effect of specles
composition on dietary quality. This is supported by the observation that dietary CP
and IVD appeared to decline more in certaln camps over extended periods of occupation
than in others {section 4.4.4 ) suggesting that the effects of species comnosition may
become apparent over longer time periods when animals are forced to consume less
palatable, lower quality species.

In practical terms, animals on Déhne Sourveld wili be on a declining plane of
nutrition from midsummer onwards. As gquality declines, voluntary intake will be

restricted leading to deficiencies in both digestible energy and protein, with subsequent

loss of body mass and condition.- The timning and rate of this decline &ppears to depead --

upon rainfcll and the burning history of a particular site. Quality appears to decline
later on burnt than on unburnt swards and this difference is likely to be more
pronounrced as the period between burns is extended. Quality may alse decline sooner
and faster in very wet years when growth is excessive leading to rank swards, and in
very dry years when prernature leaf senescence occurs in response to low soil moisture.
Assuming maintenance protein requirements of 6 % for cattle and sheep {(Kearl 1982)
animals nn the present trial were on sub-maintenance levels from May onwards in the
year of a burn and as early as February in the subsequent year. This is likely to occur
even sooner under on-farm conditions given the higher maintenance requirements of
reproductive animals (Kearl 1982) and the decline in dietary ruality with continuing
periods of occupation in a camp (e.g. O'Reagain & Mentis 1988), This is substantiated
by the poor reproductive performuice reported by most graziers for animals on Déhne

Sourveld (A.M. Grenfell pers. comml.). Depending upon rainfall, it is consequently

' 2.0. Box 116, Stutterheim, 4930.
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recommended that N- supplementation of animals be initiated as early as April on burnt
veld and even earlie’’ on unburnt veld. Counter to current recommendations, mid-season
supplementation of N may als¢ be necessary during mid-season droughts.

Within the growing season, potential exists to improve dietary quality by
manipulating sward structure through strategic grazing management. Swards should be
kept in a short, actively-growing phase to maximise the quality and accessibility of leaf
available to the grazing animal. Extended periods of regrowth between defoliations
should be avolded to minimise the accumulation of low-quality herbage while, contrary
to current recommendations {(Anon. 1988), swards should be utilized as soon as possible
ifter burning to take advantage of the inherent high quality of post-burn regrewth,
Within the dormant season, however, herbage quality appears to decline to some uniform
low level irrespective of management and there appears to be littie potential to improve
dietary quality through manipulating sward structure,

In conclusion, the fellowing cenceptual model of dietary quality on sourveld is
proposed. During the growing season, i.e. when temperatures are adequate for growth

and over the normal duration of the rains, dietary quality will be relatively high, Here,

.quality in.dependent upon swerd structure, being highest on short, leafy swerds and.

lowest on tall, rank swards with a low green:dead ratic. To a lesser extent, dietary
quality will also be dependent upon rainfall distribution, declining during droughts but
increasing when moisture levels are replenished. The limits to these responses will be
determined, first, by burning history in terms of the Initial input of nutrients into the
system and second, by total rainfall in terms of ratio of metabolicicell wall constituents
(sensu Bell 1982) with herbage quality being lower with above-average rainfall and vice
versa, At the end of the growing season a transition occurs with extensive translocation
of herbage nutrients to storage organs in response to declining temperatures and/or low
soil moisture levels, followed by extensive leaf senescence at the start of the dormant
season. This precipitates a major decline ir dietary quality to low winter levels.
Although sward structure may have an effect on quality at this stage, its effects are
likely to be marginal. Dietary quality in the growing season is therefore determined by
& combination of environmental and management factors. In the dormant season, in
contrast, quality appears to be totally under the control of environmental factors and

is largely unaffected by management.
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2.6 Conclusions
2.6.1 Species composition had no measurable effect on dietary quality in either cattle
or sheep, Dietary quality was also unrelated to veld condition score whether considered

over the growing, dormant or entire grazing season.

2.6.2 Sward structure had a major effect on dietary quality in both animals, Dietary
CP and IVD were strongly correlated with sward greenness but negatively correlated
with herbage mass and height.

2.6.3 Fire had a major effect on dietary quality with CP and IVD being significantly
higher in the year of the burn than in the subsequent year.

2.6.4 Dietary quality showed a strong seasonal trend being highest in spring and lowest
in winter. Within this trend marked intra-seasonal variations in quality were also

evident in response to fluctuations in rainfall and seil moisture.

28,5 The juclity of diet selected by sheep was sigrificently higher than that of.cattle..
This difference was consistent across all species compositions, sward structures and
across both years. An exception was on very tall, rank swards when sheep selected diets

of considerably lower qualicy than did cattle.

2.6.6 It is proposed that in the growing season, dietary quality is determined by a
combination of environmental and management factors and is therefore amenable to
manipulation through grazing management, Conversely, in the dormant season, dietary

quality is determined by environmental factors which are beyond the control of the

grazier.




CHAPTER 3

THE EFFECT OF SPECIES COMPOSITION AND SWARD STRUCTURE ON THE
INGESTIVE BEHAVIOUR OF CATTLE AND SHEEP GRAZING DOHNE SOURVELD

3.1 Objectives

The specific objectives of this cxperiment study were to:

() determine the relative effects of species composition and sward structure on the
ingestive behaviour of cattle and sheep on Dohne Sourveld;
(if}  define in quantifiable terms any relation that might exlst between ingestive

behaviou and species composition and sward structure.

3.2 Introduction
Sward species compesition is assumed to be a major determinant of animal preduction

on rangeland, e.g, Tainton 1986. Consequently, species composition should have a major

" influence on dﬁtai‘y qu'alitj." or intake or both, In éoﬁwél&; hoi;vever, s;iecies'éanipositibh

appears to have no effect on dietary quality (Mentis 1982; Hardy 1986; O'Reagain &
Mentis 1990) while the relation with intake is obscure. Efforts to relate intake to
species composition in sourveld (Mentis 1982; Hardy 1986) have been unsatisfactory due
in part to methodological problems but, more importantly, because littie attempt has
been made to gain a mechanistic understanding of the basic processes involved at the
plant:animal interface.

Ignoring the effects of herbage quality on passage rate, intake may be defined
as the product of bite size, bite rate and grazing time (Allden & Whittaker 1970;
Hodgson 1981). ‘i.aeoretically, mumerous combinations of bite size, biting rate and
grazing time could give the same intake {Greenwood & Demment 1988) but in practice
bite size is the major determinant of intake with biting rate and grazing time being
largely compensatary variables (Hodgson 1981). Bite size is deterrained by the
dimensions of the buccal cavity and the depth, area and densicy of herbage prehended

(Black & Kennrey 1984; Burlison et al. 1991}, Biting rate basically reflects the ease with
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which herbage can be prehended but is also determined by chewing rate as the two are
considered to be competing processes (Spalinger & Hobbs 1992}, Grazing time may he
adjusted to compensate for bite size but is constrained by other activities such as
rumination and thermo-regulation (Belovsky 1978; Demment et al. 1987).

Species composition on rangeland could conceivably affect intake at two levels,
At the plant level, species could differ in potential rates of intake due to differer es
in bite size andfor biting rate. These could arise through differences in plant
morpholegy or growth form. At the patch or community tevel, intake could be affected
through differences in the proportion and distribution of diffsrent species present.
Here, intake would be a function of the search time and encounter rate of different
species in the sward (Spalinger & Hobbs 1992).

Sward structure couid also have & major effect on intake for animals on
rangeland, There is compelling evidence from other native and cultivated pastures to
show that bite size, and hence intake, increases dramatically with increasing height and
density of the sward, e.g. Allden & Whittaker (1970); Jamieson & Hodgson (1979);
Burlison et al. {1991). Generally, intake rate increases untii a limit is reached where

. bhite siza ferestrigied by the diguensions of the buccal cavity (Allder & Whittaher1970; .

Black & Kenney 1984; Hudson & Nietfeld 1985) and/or biting rate becomes limited by
chewing rate (Spalinger & Hobbs 1992). This resembles the classic Type I functional
response (Holling 1959) where intake increases as a decelerating function of forage
availability until an asymptote is reached {Short 1985; Spalinger & Hobbs 1992; Gross
et al. 1993). Distinct functional responses exist = r #itferent animals according tc body
mass, month dimensions »nd foraging efficiencies ..\..den & Whittaker 1970; Wickstrom
et al. 1984; Short 1985),

Conceptually, sward species composition and structure could therefore both be
important determinants of intake on sourveld and the potential also exists for an
interaction between these variables. The magnitude and nature of any eifect these
variables might have is also likely to vary with the animal species involved.
Quantification of these effects for individual animal species is therefore important to

ellow the accurate prediction of animai production on this range type.
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3.3 Procedure

3.3.1 Study area

The study was conducted at the Dohne Agricultural Development Institute situated 16
km north of Stutterheim, in the Dehna Sourveld {Acacks 1988). A detailed des:ri

of the study area and experimentai conditions is provided in section 2.3.1.

3.3.2 Experimental design

3.3.2.1 Cattle

Cattle data were collected from the stnulation *rial described in section 2.3.2. Briefiy,
the trial consisted of four sites termed bush, eragrostis, old 1ands and sheep shed camps,
all of which varied widely in species composition (Table 2.1}. Each camp was divided
into six equal sizea blocks which were then subjected to different frequencies 2 f grazing
i.e., approximately everv 3, 5, 8, 11, 16, or 200 weeks, in order to achieve 2 range of
sward structures. Cattle intake data were collected in the 1990-1991 aad :991-1992

grazing seasons, hereafter referred to as years 1 and 2 respectively.

322 .. SEEEP . . . e s e - .

Initially, sheep datu were collected using nesophageally fistulated auirnais in conjunction
with the cattle trial described above. However, due tr extremely variable recovery
rates of fistula samples, the data were considered to be insufficiently precis.: to allow
accurate estimates of intake and were discarded. A nsw data set for sheep was
therefore collected using the methadology described below.

In this new trial, sheep data were collected from the same experimscrial areas

described for cattle {3.3.2.1) but during the 1992-1993 grazing season. All {our sites

were burnt in September 1992 before data colicction comm.enced in order to remove the
residual effects of previous seasons' gr- ‘ng. Blocks were then grazed at lifferent
intervals after the burn using different frequencies of grazing to achieve aj wide a
range of sward structures as possible. On occasiv.;, dlocks were strategically grazed by

cattle to ensure a uniform sward s*ructure,

133 Sward measuremenis
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Measurements of plant height, leaf table beight, greenness and stemminess fur three
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‘seiecied grass species at each site, as well a5 an est'mate of herbage mass for the sward
as a whole, were made in ¢ach block as described i» sectien 2.3.3. Herbage density
(mg.DM,’cm'3) was estimated by dividing total herbsy « mass by the lesf table helght of

the most preferred species in the sward {sectiun 3.3.5).

9034 Animal measurements

3.3.4.1 Cattle

Fistula samples were collected and processed as described in section 2.3.5. Biting rates
were recorded using a stop~watch for a minimum of 20 consecutive prehension bites
with recording being suspended if the animal raised its head and moved to a new feeding
station. A total of 30 observations, equally divided hetween the two experimental oxen,
were made for each sampling episode. Total bites were estimated from the product of
biting rate and sampling (grazing) time. Bite size was calculated as total fistula extrusa
{dry mass) divided by total bites. Intake rate (IR) was calculated by dividing total
fistula extrusea by sampling time. Avera;c daily grazing time was estimated vsing a

Kienzle! vibracorder attached to a single steer of similar mass and age to the

figtulated, animals, Dietary quality data for cattle werg obtained from section 2.4, .

A problem with the use of fistulated animals is that of incomplete recovery of
ingested macerial, leading to underestimates of intake. Stobbs (1973a) advocated the
use of foam rubber plugs in the oesophagus to ensure complete recovery of fistuls
samples and reported recovery rates of 90 - 100 % using this method. However,
personal experience is that animals suffer considerable discomfort with the method and,
in many cases, refuse to eat (O'Reagain 1989). A similar Iack of success with the
method has also been noted by Zimmerman (1983) and Penning and Hooper (1985).
Accordingly, while it was accepted that the fistula method was likely to underestimate
intake, it was assumed that this would occur to an equal extent under all conditions and

would not affect the nature of any sward structure-ingestive behaviour relation per se.

3.3.4.2 Sheep
Herbage intake was estimated using the method of Erizian (1932), as used by Allden

1 Tachograph Sales and Services, PO Box 1547, East London, 5200,

B
RUVERRE A A P

o

Fl

4 WfLs
.;;-.‘*.-—".‘“_"-'—-).:.e.‘ It

A |
i
.,
- _'
E:



I .

40
{1962}, Allden and Whittaker (1970) and modified by Penning and Hooper (1985). Intake

was calculated using the equation:

I=(Wy+F+U+IWL) - W, (1)
where I = intake, W; and W, = mass of animal before and after grazing, F = weight of
faeces produced, U = weight of urine produced and IWL. = insensible weight loss {Erizian
1932, cited by Penning & Hooper 19853). Field tests indicate that the method provides
coruparable estimates of intake to traditipnal marker me:hods, £.g. chromic oxide
(Penning & Hooper 1985). The latter techniques were considered inappropriate for the
present study due to the short periods of occupation (<24 hours) on different blocks.
Preliminary trials with animals being fed a known mass of feed indicated that the
presenit method provided consistent, accurate estimates of intake {O'Reagain
unpublished data).

Four Dohne merino ewe lambs (average mass 40 kg) and a single non-
reproductive, 6-tooth ewe (mass 63 kg) were used in the study. All were sourveld-raised
and well adapted to range conditions. Prior to sampling, animals were fasted overnight
to stimulate appetite. Any effects of hunger on foraging behaviour were assumed to be

.« - cConstant. over all sward structures. Sampling began at,06-30¢ each morning. Aaimals
were first fitted with canvas faeces bags which were double-lined with plastic and
conitained vermiculite to absorb urine, Animals were then weighed in the field using a
Mettler? KC 300 electronic scale {range 0-300 kg, sensitivity 10 g) attached to a
Mettler IDl terminal and powered by a portable generator. A minimum of 10
consecutive weighings were taken for each animal with the time of weighing recorded
to the nearest minute. Wind interference was minimised by enclosing the weighing area
with iron sheeting, but under extreme conditions weighing was abandoned.

Immediately after weighing, animals were released as a group and ailowed to
graze for a set, recorded time (usually about 60 minutes). Biting rate was estimated
from the time taken to achieve a minimum of 20 consecutive prehension bites without
the animal raising its head and moving to a new feeding station. A total of 20-30 such
observations were meade in each sampling. Animals were then re-weighed and intake

calculated from total mass change adjusted for herbage DM% and total IWL between

2 Microsep (Pty) Ltd.,PO Box 2238, Pinetown, 3600.
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initial and final weighings. IWL was calculated as:

IWL (g/min.) = 1.209 + 0.117 T + 0.0331 M (2)
where T = ambient air temperature and M = animal mass {r* = 0.815; P<0.0001),
Equation 2 was derived from IWL measured over a range of air temperatures {Appendix
3.1). Intake rate (IR} was calculated as total DM intake divided by grazing time and was
expressed as both an absolute, i.e. g.DM/minute, and relative value, i.e. per unit of body
mass { g.DM/min./kg). Bite size was calculated from total DM intake divided hy the
estimated total number of bites, i.e. biting rate x sampling {grazing) time,

3.3.5 Statistical analyses

At each sampling date, measurements of bite size, bite rate and intake rate were
meaned for both cattle {n=2) and sheep (n=5). The mean of each sward structure variable
was also calculated across tufts {n = 50) for each grass species. Correlation and
principal components analysis of sward structure data indicated that the majority of
variables were strongly inter-correlated (Tables 2.6 & 2.7). Accordingly, 3 variables

were selected for further consideration, i.e. plant height, herbage density and greenness,

. Stemminess was glso congidered,, but only for old lands cgmp as this was the only, site

where this variable reached levels sufficient to have any noticeable effect on gward
structure. Because animals may be expected to concentrate on the most preferred
species present, only plant height and greenness from the most preferred species in a
camp were considered. These species were T. triandra (bush), T. triandra (eragrostis),
H. hirta (lands) and T. feucethrix (sheep shed).

Data were initially tested for normality (UNIVARIATE; SAS [1991)). The
variables plant height and cattle bite size were not normally distributed and were log-
and square-root-transformed respectively. To investigate the effect of specles
composition (‘camp’) on ingestive behaviour, an analysis of covariance was conducted
using plant height as a covariate (GLM; SAS [1981]). A similar analysis using data from
individual sheep was conducted to determine the effect of 'animal' on intake rate,

Initial exploration of cattle data indicated first, that there was little difference
between camps in terms of ingestive behaviour and second, that there was a degree of
variability in estimates of bite size and intake rate in these animals. To facilitate data

presentation and interpretation, cattle data from the different camps were therefore
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grouped into a single data set for each year. However, there were cases where
individual relations were thought to be of interest, e.g. for modelling, and these are
presented indlvidually for the four different camps. In contrast, the sheep data appeared
to be relatively precise and less variable than those for cattle and here it was
considered appropriate to conduct and present all analyses on a camp-hy-camp basis.

Relations between sward structure and ingestive behaviour were investigated
using correlation. analysis {CORR; SAS [1991]) as well as linear and polynomial
regression (REG; SAS [1991]). Where appropriate, the Michelis-Menton function was
fitted (NLIN; SAS [1991]) after first standardizing plant height to zero.

3.4 Results
The basic, unprocessad ingestive behaviour and sward structure data for hoth cattle and

sheep Is presented in Appendix 1,

3.4.1 Cattle
3.4.1.1 Effect of species composition on ingestive behaviour

.Overall, 'Year' had a.significant (Ps0.05)effect on bite sizg (Appendix 3.2) with the size

of bite harvested in year 2 peing larger (0.332 g vs 0,290 g) than that harvested in year
1 (Table 3.1). 'Year' also had a significant {Ps0.05) effect on intake rate (IR) with the
average IR being 2-3 g/minute higher in the second year.

Table 3.1 Mean bite size, bite rate and intake rate for cattle grazing four sites in the Dohne
Sourveld in year 1 and 2. Withir a row, means with the same superseripts are x.
significantly differeat (P0.05)

CAMP
Variable Year
Bush Eraginstis Lands Shed

Bite size {g.DM) 1 0.266% 0.3163 0.293% 0.285%

2 0.348% 0.3612 0.306% 0.313%
Bite rate (bites/minute) 1 59,113 53,580 54,14 56,7380

2 57.05% 51.020 54,070¢ 57.80%
Intake rate (g.DM/minute) 1 15.452 16.36% 15,458 15,978

2 20288 18.633% 16,050 18.533b
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Species composition, =zxpressed as 'camp' had no effect on the size of bite
harvested by cattle in either year (Appendix 2.3), but had a significant effect on biting
rate in both year 1 {Ps0,05) and 2 (P<0.01). On average, biting rates were lower
(P<0.05) in eragrostis and old lands then in the other camps in both years (Table 3.1).
Species composition had no everall effect on inteke rate, although some between-camp
differences were significant in year 2 (Table 3.1} with average intake rates being highest

and lowest on bush and old lands camps respectively.

34.1.2
In year 1, cattle bite size was strongly correlated (P<0,0001) with plant height (Table

Eftect of sward structure on ingestive behaviour

3.2). Taken over all camps the relation was non-linear (Ps0.0001) with bite size
increasing from about .12 g to a maximum of 0.4 g as plant height increase.l from &
to 25 cm (Fig 3.1). Above this height bite size remained relatively constant, However,
for individual camps the relation was generally linear with height accounting for up to
60 % of the variability in bite size at certain sites (Table 3.3). No relation bet veen bite
size and plant height was evident in year 2 with bite size showing no consistent response
to height over the.entire range of .heights encountered (Fig, 3,1). Bite size was not
related to herbage density in either year but was negatively correlated (P<0.01) with
sward greenness in year 2 (Table 3.2).

Intake rate also responded strongly to plant height in year 1 (Table 3.2),

increasing from about 6 g DM/minute to an intake of nearly 2¢ g DM/minute over the

Table 3.2 Correlation coefficients for the relation between the different components of
ingestive hehaviour in cattle and plant height, herbage density and greenness in
year 1 and 2 on Dohne Sourveld. Data are from all sites.

|
Plant height Herbage density Greenness
Year 1 2 1 2 1 2
Bite size 0.609%%% 0.200 0.017 0.076 -0.155 -0.385%+*
Bite rate -0.458%%% ~0.275% 0.126 0.044 G.387%%* 0.793%%+
Intake rate 0.538%%% 0.055 0.070 0.038 0.024 0.147
Grazing time -0.607%%% ~0.0614 -0.020 0.166 0.412% 0.407%
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The relation between bite size and plant height {top}). and intake rate and plant
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range of heights encountered {Fig. 3.1). As with bite size, the overall relation was non-
linear (Ps0.0001) with IR reaching a maximum at a height of about 20 ~ 25 cm. With
the exception of old lands camp, IR increased linearly with plant height in all camps
(Table 3.3). As with bite size, there was no apparent response to height in year 2 with
IR fluctuating between 10 and 25 g/minute over a range of heights from about 6 to 30
cm {Fig. 3.1). Intake rate showed no response to herbage density and greeniess in either
year (Table 3.2),

T+ble 3.3 Linear regression equations for the relation between bite size and intake rate with
plant height for cattle at four sites in the Dohne Sourveld in year 1

Camp Equation

Bite size
Bush y = 0.0695 + 0.162x r*= 0.49; F = 13,56; #*
Eragrostis y = -0.120 + 0.249x r’= 0.61; F =2423; ¥*k&
Lands y = 0.109 + 0,157x 2= 0.41; F = 3.34
Sheep shed y = -0,120 + 0.245x r°= 0.39; F = 9,32; *%
All camps y = 0.551x/(8.068+x) r’= 0,42

Intake rate
Bush y =~ 4,71 + 7.43x r’= 0.39; 1 = 10.34; #*
Eragrostis y = ~17.24 + 12,55x r*= 0.67; F = 30.45; ¥#k
Lands y= 2.57 +5.04x 2= 0.07; F = 1,22
Sheep shed y = -17.79 + 12.99x = 0.33; F = 7,02; %
All camps y = 24.89x/(4.91+x) = 0.38

In contrast to bite size, biting rates declined with increasing sward height in both
years (Fig. 3.2), with this effect being particularly evident in year 1 (Table 3.2).
Conversely, biting rates were positively correlated with greenness and showed a marked
linear (P<0.0001) response to this variable, particularly in the second season (Fig. 3.2).
In old lands camp, stemminess had little effect on biting rates in year 1 (r=-0.304;
P=0.219) but biting rates appeared to be restricted by increasing stemminess (r=-0.458;
Ps0.U85) levels in year 2 (Fig. 3.3). However, the effects of stemnminess may be

confounded with those of greenness as the stemmiest swards happened to be grazed in
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auturnn and winter when greenness values were low.

Total daily grazing time was also related to sward structure; grazing time was
positively correlated (P<0.05) with greenness but negatively correlated (Ps0.0001) with
plant height in year 1 {Table 3.2). A multiple linear regression model accounted for 43
% of the observed variu.!z= lu grazing time in year 1 (y = 894.04 - 148.91 log height +
20.18 ~nness; 1 = 0.43; F = 11.95; P=0.000i). Grazing time therefore varied from
about §00 minutes per day on short, green swards to less than 400 minutes per day on
taller, more senescent swards (Fig. 3,.3). Grazing time was also positively correlated
{Ps0.05) with greenness in year 2, but was unrelated te either plant height or herbage
density (Table 3.2).

34.1.3 inter-parameter correlations

; As expected, the different components of ingestive behaviour in cattle were strongly

. inter-correlated (Table 3.4). Bite size was negatively related to bite rate (P=0.0001) -

L ' suggesiing a dynamic relation between these parameters. Intake rate was strongly L
carrelated with bite size (P<0.0001) but not with bite rate w..ich indicates that bite size

i o is the mejor determinant of IR. Grazing fitse and biting rate were.positively relgted | ...
to each other (P<0.0001} but grazing time was negatively correlated with bite size

(P<0.0061) and IR {P<0.01),

e
. Table 3.4 Inter-parameter correlations for the different components of ingestlve =
| behaviour for cattle grazing the Dohne Sourveld. Data ars from all camps SR
o over both year 1 and 2 j"
——— 2
- Bite rate Intake rate Grazing tims
Bite size ~0.472%%% 0.902%%% -0.555%%%
e Bite rate -0.073 0.515%+
Intake rate -0.359%*
: The different components of ingestive behaviour were also correlated with
: o dietary quality (data from section 2.4), particularly in the second year {Table 3.5). Bite
rate and grazing time were positively correlated wich dietary CP and IVD while bite
o size and bite quality were inversely related., However, no relation was evident between

bite quality and IR in either year.
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Table 3.5 Correlation coefficients for the reiation between the different components of
ingestive behaviour ant dietary in vitro digestibility (IVD)} ard crudse protein {(CP)
content for cattle grazing Dohne Sourveld in year I and 2. Data ar: from ail

camps
L
Bite size Bite rate IR GT
Year 1:
IVD -0,209- 0.423%%¢ -0.05 0.338%
CP -0.271* 0,359%% -0,137 0.274
Year 2;
IVD =0.45] %+ 0,768 -0,143 0.333%
Ccp ~0.5] [%** 0.520%%i -0.038 0.239
e ——=— e o
3.4.2 Sheep
3.4.2.1 Effect of species composition on ingestive behaviour in sheep

Species composition, expressed as 'camp’, had a significant {P<0.05) effect {Appendix
3.4) on beth sheep bite size and biting rate, but appeared to have no effect on intake
rate, expressed per unit body mass (IRM). Average bite size was lowest {P<0.05} but,
conversely, biting rate was highest (P<0.05) in old lands compared to the other three

- camps {Tabie®3.6). Shedp appeared o compensate for the smail bite siz%8 InThé former -

camp by biting faster and, consequently, there were no significant differences in IRM
between the different camps. Nevertheless, o1 the four camps, IR and IRM were, on
average, lowest in old lands camp (Table 3.6).

Table 3.6 Mean bite size, bite rate, intake rate (IR) and intake rate per unit body mass
(IRM) for sheep grazing four sites in the Dohne Sourveld. Within a row, means
with the same superseript are not significantly different at the 5 % level

CAMP

Bush Eragrestis Lands Sheep shed

Bite size (g.L.}) 008842 0.08012 0.06010 0.08793
Bite rate (bites/minute) 56.37ab 54.318 60.362 50,008
IR (g.DM/minute) 4,918 42180 3.580 4.662

iRM (g.DM/minute/kg) 0.1033% 0.0972 0.0785% 0.09152
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3.4.2.2 Effect of sward structure on ingestive behaviour

At all sites, sheep bite sizes responded strongly to plant height {P<0.0001) with the
latter variable accounting for the majority of the variability in this component of
ingestive behaviour (Table 3.7). In eragrostis camp there was a 5-foid increase in bite
size as T, triandra height increased from 7 to 12 cin with bite size remaining relatively
constant above this level {Fig. 3.4). Similarly, at sheep shed, bite size increased alinost
4-fold as plent height increased from 6 to 8 c1  {Fig. 5.4) but above this height remained
relatively constant. At bush camp, bite size increased gquadratically as T. triandra
increased in height from 6 to sbout 12 ¢m § . thereafter staved fairly constant {Fig.
3.4). Eite size also increased with increasing plant height at old lands but the response
was linear and, tc a certain extent, less marked than in other camps with bite size
showing a 4-fold increase over a nearly 6-fold increase in plant height {Fig. 3.4). The
uneven dgistribution of dats points, however, casts doubt on this relation and it is
possible that bite size was approaching an asymptote at a height of about 15 cm.

Bite size was negatively correlated with greenness in ail camps but, conversely,
was strongly correlated with stemminess in old lands camp (Table 3.8). Bite size showed
a wiak positive, but non-significant., relation with herbage.density in all campe..

Biting rate declined linearly {Ps0.05; with increasing sward height at all sites
(Table 3.9). Biting rate was positively correlated with green .-~ . L« lands camp but
showed no consistent response to herbage density (Table 3.8). ... . d lands camp, biting
rates also declined with increasing stemminess {P<0.05}.

Sheep intake rates responded strongly to plant height at ali sites {Table 3.7). In
eragrostis camp the responsz was quadratic (Ps0.0001) with IRM increasing te a
maximum at about 15 cm but thereafter tending to decline with increasing height {Fig.
3.5). The two outliers (labeiled 1 and 2} were not used in the equation but are of
interest; at point 1, sheep achieved high rates of intake by having exceptionally high
biting rates. Peoint 2 represents the same block and sward structure as 3 but was
sampled a day earlier when animals were very hungry in cold, wet weather. Here, sheep
increased bhite sizes and prehension rates to achieve almost double the rate of intake
recorded a day later under normal experimental conditions.

At sheep shed camp, a non-linear Michelis-Menton type response (P<0.0001) was
evident with IRM reaching an asymptote at a height of about 12 cm for T, leucothwrix
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Table 3.7 Models describing the relation between sheep bite size and intake rate per unit
body mass, and plant height for 4 sites on the Dohne Sourveld
T — RS
Camp Equation
Bite size
Bush y = 0.04338 + 0,01845x -
0.006595x° ré= 0.47; *
Eragrostis y = 0.1499%/(5.199+x) 2= (,80; %**
Land y = -0.054 + 0.0474x 2= 0,85 ¥&%
Shed y = -0.184 + 0.0474 x -0.00191x? 2= 0.77; *%
Intake rate/Mass
Bush y = -0418 + 0.132x - 0.0103z%+
0.000251x* . 2= 0.42;
Eragrostis y = -0.365 + 0,084x - 0.00456x
+ 0.000075x%? 2= 0.82; *¥*
Land y = 0.0971x/(0.9544+x) 2= 0,563
Shed y = 0.1234x/(1.53+x) = 0.41;

(Fig. 3.5), While IRM also responded strongly to plant height at old lands, the exact
shape of the relation is unclear (Fig. 3.5}, At poincs 1 and 2 animals achieved high rates
of intake by selecting large bite sizes but may possibly have been grazing species other
. thdn H. hirta, which were fiot rfesured.” If the latier points are outlieds, then the et
relation would approximate a quadratic function with a maximum at a height of about
10 cm for H. hirta (curve not shown). Conversely, if these point- are retained, as was

done in the data analysis, then the response approximates a Michelis-Menton function

with IRM reaching an asymptote at a beight of about 12 ¢m for H, hirta (Fig. 3.5).

At bush camp IRM also showed a quadratic response to plant height {Fig. 3.5) but
the model was not statistically significant (Table 3.7}, Here, IRM incressed to a
maximum at a piant height of about 10 cm but declined thereafter so that intake rates
were similar on both very short and very long swards, There was a large amount of
variability in these data with animals achieving very different rates of intake at alinost
identical sward heights. For example, the points marked ! and Z represent the same
block with an identical sward structure, grazed by the same animals at two grazings
only five days apart {(Appeandix 1), Similarly, at point 3 intake rates were nearly 100 %
higher than at 1, but plant heights were almost identical. These differences are difficult
to explain but it is speculated that other factors such as the degree of hunger of the

animals or the DM content of the herbage could also have affected rates of intake.
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Table 3.8 Correlation coefficients for the relation between bite size, bite rate and intake rate
per unit of body mass (IRM) and different parameters of sward structure for sheep

grazing four sites in the Dohne Sourveld

e
Variable Bite size Rite rate IRM
Bush camp
Plant height 0.615% ~0.665% -0.068
Herbage density 0.346 -0.089 -0.280
Greenness -0.445 0,102 0.088
Eragrostis camp
Flant height 0.834%+%+ -0.580% 0.649%*
Herbage density 0.478 0.048 0.598%
Greeaness -0.393 0.352 0,283
Old lznds camp
Plant height 0.92¢%%* -0.426 0.201%%
Herbhage density 0.438 -0,491 0.192
Greenness -0.832%% 0.633* -0.527
Stemminess 0.8 3%k -0.671% 0.667%
Sheep shed camp
Plant height 0.505 ~0,689+# 0.494
Herbage density 0.428 0.295 0.568*
Greenness -0.490 -0.044 -0.180
o — e .

Intake rate was positively correlated with herbége denéity in scme canips but not
in others. Generally, IRM showed a negative relation with greenness but was positively
‘correlated with stemminess in old lands camp (Table 3.8).

Table 3.9 Linear regression relationships between sheep biting rates and plant height (log-
transformed} at four sites in the Dohne Sourveld
=
Camp Regression 2
Bush y = 100,44 - 17,56 log PH =044 F = 8.72; ¢
Eragrostis y = 82.68 - 11.50 log PH = 034; F = 6.92; %
Lands y = 74,98 - 0,970 PH r2= 0,68 F = 14,97; *&
Sheep shed y = 98.95 - 20 45 log PH r’= 0.46; F = 10.50; **
3.4.2.3 Effect of body mass on intake rate

Intake ratz differed significantly (P<0,05) between individual animals with the heaviest

sirzep having the fastest absolute rate of intake \Table 3.10). Conversely, when intake
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rate was expressed per unit of body mass, i.e. IRM, the situation was reversed with the
lightest animals consuming significantly (P:0.05) more per kilogram of body mass thar
the heavier sheep,

Table 3.10 Mean intake rate (IR}, intake rate per unit body mass (IRM) and average budy
masses of the 5 sheep used in the experiment. Within rows, means with the same
superscript sre not significantly different at the 5 % level

Sheep number -
222 240 274 429 437
IR (g/minute) 5478 4,330 4,340 3.82¢ 4,094
IRM (g/minute/kg) 008758  0.0945%  0.0041®  0.0985°  0.09649
Mass (kg) 63.78 4461 4386 37.25 41,76

J.4.2.1 Inter-parameter correlations
Over all camps, IRM was strongly correlated with bite size {Ps0.0001) but showed no

relation with biting rate (Table 3.11). Conversely, biting sate and bite size were both
negatively correlated (P<0.090;) with ezach other.

. * ™

Table $.11 Correlation coefvicients for the relation between intake rate, intake rate per unit
body mass (IRM), bite size and bite rate for sheep grazing Dohne Sourveld. Data
are from all camps and all sward structures

IRM Bite size Bite rate
Intake rate 0.844%+x 0.869%%* 0,043
IRM 0.690%:%+* 0.078
__.Bite size -~ - (0,43 7%0%

3.5 Discussion

Overall, the effects of species composition on Ingestive behaviour in both cattle and
sheep were relatively small and inconsistent. Although species composition affected
biting rate, intake rate, which uitimately determines animal production, appeared to be

largely unaffected by this variable. However, certain between-camp differences were
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statistically significant, with intake rates at old lands being generally lower than those
achieved at other camps (Tables 3.1 & 3.6). Although these differences appear smatl,
they are likely to be of importance to the grazing animal functioning under varicus
cisne-energy constraints. For example, a sheep grazing at oid lands (IR = 3.58 g
DM/min.) wouid be required to graze an extra 1.5 honrs per day to achieve the same
total daily DM Ints*e as ope at bush camp (IR = 4.91 g DM/min.}. For cattle, a similar
result would spply in year 2 but not in year 1 where the extra grazing time required
would be o:ly 23 minutes. Such differences would Incur a direct cost in terms of the
extra time and energy expend =i in grazing and would directly reduce the net energy
available for growth and prodov:tion. Other activities such as rumination,
thermoregutation, and for wilt :»neulate~, predator detection and avoidance, are zlso
likely to be adversely affect: ireased requirement for grazing time.
An unfortunate limite ... .cnt results is that intake rates were
measured over relatively short g+ «m¥ - -~ = o1als had just entered a particular biock,
At this stage, animals could hav.. grase’ ve.v . .lactively consuming only the most

palatable and accessible species present. his ¢ould have occurred even on swards

dominated by, unpalatable species such as E. pivna, magking any potential effect of

species composition on ingestive behaviour. Consequently, the effects of species
composition on intake may only bacome apparent over longer time pericds due to an
increase in search costs associated with locating a steadily diminishing supply of
preferred plants end/or a possible decrease in intake rate when animals are forced to
graze species in the sward offering a low rate of DM intake. Despite this limitation,
the present resuits do suggest that animals grazing specles as diverse as H. firta (old
lands), 7. leucothrix (sheep shed) and T. triandra (bush and eragrostis) can achieve fairly
comparable rates of intake at similar sward structures.

In comparison to species composition, sward structure had a far greater effect
on ingestive behaviour in both cattie and sheep. Oi the sward structure variables
considered, plant height had the greatest effect on ingestive behaviour in both animals.
For sheep, and for cattle in year 1, bite size increased sharply over relatively smail
increases in plant height, as has been recorded by other workers, e.g, Aliden &
Whittaker 1970; Wickstrom et al. 1984; Hudsor & Nietfeld 1985; Penning ef al, 1991,

Bite size increases with plant height as animals prehend a bigger vohume of herbage
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through an incresse in bite depth and bite area (Black & Kenney 19R4; Murson et al
1989; Laca et al. 1992), When plant height esceeds bite depth, bite size becomes
limited by the dimensions of the buccal cavity and, thecoretically, should thereafter
remain constant (Ungar & Noy Meir 1988; Laca et al, 1992). In the present study, sheep
attained maximum bite size at plant beights of between 7 to 12 cm, above which bite
slzes remained relatively constant. In contrast, cattle bite sizes increased with
increasing plant height up to a height of about 25 cm before levelling off. Interestingly,
Laca et al. {1992) and Gross et al. (1995) observed that cattle grazing artificial swards
were able to increase their bite size beyond the point where it should have been
restricted by buccal cavity dimensions, presumably because they could prehend large
masses of herbage with their tongues and then slowly work them into their mouths as
they chewed.

In contrast with other studies (Stobbs 1973b; Black & Kenney 1984; Laca et al,
1992) herbage density had no apparent effect on bite size in cattle while its effects in
sheep were ambiguous. This nossibly results from the tongue-sweeping method of

grazing in the former animals which may serve to concentrate forage before ingestion

(see Laca et al. 1992) but is reogg likely attributable to problems experienced with

mesasuring herbage density in the present study. First, estimates of herbage mass were
extrem:ly variable (Appendix 1), casting suspicion on the reliability of the resultant
density measurements. Second, herbage density was expressed and measured on a gross
sward basis while a more useful variable might have been the green leaf density of
certain target species within the sward. Despite the present resvlts, it may therefore
be assumed that bite size could be restricted by low levels of herbage density on
sourveld, particularly on short, recently-burnt swards where tiller densities are low
{pers. ohs.).

Bite size was inversely correlated with sward greenness with bite sizes tending
to be larger on more senescent swards. This occurred with both animal species although
it must be emphasised that the range of greenness values encountered by sheep (3.5 -
5) was considercbly narrower than that encountered by cattle (0.01 - 5). The present
observations are therefore more likely a reflection of the fact that the greenest swards
were aiso the shortest where bite size would be restricted by plant height rather than

by greenness per se. Nevertheless, it is surprising that bite sizes did not decline on
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senescent swards as animals might be expected to become more selective and reduce
bite sizes as the availability and accessibility of green leaf declined. Surprisingly,
sternminess appeared to have a positive effect on bite size in both cattle and sheep.
Stems would be expected to reduce leaf accessibility, particularly to cattle with their
relatively poor selective ability (Arnoid 1962; O'Reagain & Mentis 1989). Although
stemminess levels were generally low, the density of stems should have been sufficiently
high at old lands to exert any potential restriction on bite size. However, plant height
and stemminess were strongly intercorrelated (Table 2.7}, so the effects of increased
bite depth on stemmy swards may have outweighed any reduction in leaf accessibility.
Surprisingly, cattle frequently consumed H. hirta stems rather than attempting to avoeid
them (pers. obs.}, conceivably allowing them to maintain bite size at the expense of bite
quality. Sheep possibly maintained bite sizes on stemmy swards because their smail
mouths allowed them to harvest leaves clustered at the base of ste.amy H. hirta
tussocks.

Biting rate was inversely -—orrelated with plant height in both animais, in
agreement with published data, e.g. Allden & Whittaker 1970; Jamieson & i{adgson 1979;

.Black & Kenney,1984; Burlison et al, 1991; Penning et a/, 1991. This relatjpn was

particularly pronounced svith sheep and possibly reflects an increase in selectivity as
herbage availability increases (Smith 1961b; Hamilton et al. 1973; Langinnds & Sanson
1976) coupied with the fact that sheep appear to have an innate difficuity in prehending
longer leaves (pers. obs.). The decline in cattle biting rates with decreasing sward
greenness (Fig. 3.3) conflicts with the findings of Stobbs (1974}, that cattle biting rates
increase on mature, senescent swards. This discrepancy is difficult to explain but
probably reflects differences between the two studies in other sward structure
variables. In the present study cattle presumably decreased biting rates in order to be
more selective and maintain dietary quality on more senescent swards. Although sheep
biting rates were also positively related to sward greenness the relationship was weak
(Table 3.8). However, this p.obably reflects the inherent selective ability of these
animals rather than an apparent indifference to maintaining dietary quality.

Biting rates were negatively related to stemminess in both cattle and sheep, as
found by Ruyle et al. (1987) for cattle grazing FEragrostis lehmanniana tufts.

Stemminess probably reduces biting rates through increasing the search and handling
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time associated with each bite. Surprisingly, sheep biting rates appeared to be more
vulnerable to stemminess than those of cattle (O'Reagain 1993, utpublished data).
However, this may be because sheep appeared to continue seeking out leaf when swards
were stemmy while cattie started consuming large mouthfuls of stem (pers. obs.).

Intake rate in both animals increased sharply with increasing plant height, as has
been documented in other studies (Aliden & Whittaker 1970; Black & Kenney 1984;
Hudson & Nietfeld 1985; Hudson & Frank 1987; Penning et al. 1991; O'Reagain 1990).
Cattle showed a curvilinear functional response, at least in year 1, with an asymptote
occurring at a plant height of about. 20 cm. This is in general agreement with the classic
Type H functional response as described by Holling (1959). Below the asymptote, intake
would be restricted by bite size and/or the search time required to find a bite (Spalinger
& Hobbs 1992), Conversely, bite size is at a maximum above the asymptote with intake
rate being restricted by the time required to process, i.e. chew and swallow, cach bite
(Spalinger & Hobbs 1992).

Sheep intake rntes also showed a curvilinear response to plant height, reaching

a peak at a height of about 7-12 cm. However, in some camps {Fig 3.4) the relation was

~ quadratic with Intake rates tending to decline as plant height increased above this leve],

This response is unexpected and represents a marked deviation from the Type H
functional response documented for other grazing ungulates, ec.g. Allden & Whittaker
1970; Wickstrom et al. 1984; Hudson & Nietfeld 1985; Hudson & Frank 1987; Laca et al,
1992. The present response may be attributed to the inverse relation between bite size
and biting rate, and their response to plant height, In sheep, bite size generally
increased with plant height to an asymptote but remained constant above this level (Fig
3.4), Conversely, biting rates showed a constant linear decline with increasing plant
height with no asymptote or levelling off being evident. Consequently, once maximum
bite size had been attained this variable would have remained constant while bite rates
would bhave continued to decline as sward height increased, depressing intake rates on
taller swards. Bite rates were probably reduced on these swards, first, because the
lower quality encountered under these conditions necessitated increased chewing times
per bite as found by Penning et al, (1991) and, second, because of the increased search
and handling times required to locate and prehend highly dispersed items of food in
these relatively low quality swards.

Ty

%

Lk
i3
L%
¥ .
s

e o LR AR




o

¢ e g ; 3
Led O el S - S ©

55

This highlights a shortcoming in the application of the functional response to
grazers, i.e. the failure to account for the interaction between food quality and
availability. While unimportatit for predators where prey quality is constant and density
independent, this interaction is critical for grazers where a general inverse relation
between forage quality and availability exists (McNaughton 1984). The importance of
this third quality dimension to the functional response has possibly been overlooked in
the past either because the effects of quality were deliberately controlled, e.g. Black
& Kenney 1984; Laca et al, 1992 or because the work was conducted under temperate
{Allden & Whittaker 1970; Wickstrom et al. 1984; Hudson & Nietfeld 1985; Hudson %
Frank 1987) or semi-arid {Short 1985} conditions where the quality:quantity dichotomy
is less pronounced. It is therefere argued that a quadratic functional response is likely
to be comumon for gruzers on humid, low-quality grasslands like sourveld. Under these
conditions, intake rate will be restricted by bite size when herbage availability is low
but will be limited by cropping rate (biting rate) when availabilities are high due to a
general decline in the quality and accessibility of hert <e.

Significantly, animals on a number of occasions achieved substantially higher
rates of intake than would be expected purely on the basis of sward structure, by taking
bigger bites and/or biting faster. As an example, at eragrostis camp, sheep which were
exceptional.y hungry attained IR nearly double those achieved when relatively satiated
under identical sward conditions (Section 3.4.2.8). This confirms the assertion that the
physiological status of an animal is an important determinant of foraging behaviouwr
(Mangel & Clark 1986) which will also reflect previous nutritional history (Langlands
1968}, reproductive status (Arnold 1956) and growth stage (Langlands 1968),

The increased rates of intake observed under certain conditions also suggest, in
agreement with Owen-Smith (1993), that animals normally forage at rates cansiderably
lower than their potential. If so, why do animals behave in this way? Possibly, intake
can ¢niy be increased at the expense of selectivity and dietary quality. Although
Greenwood and Demment (1988) noted that fasted cattle could increase intake rates
without sacrificing quelity, the experiment was conducted on rye-grass which is
markedly different from the poor-quality, heterogeneous swards under consideration.
Significantly, mastication bites were reduced in the latter study (Greenwood &

Demment loc. cit.) possibly increasing particie size and depressing passage rates.
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Alternatively, animals may not forage maximally because grazing time constraints are
usually non-limiting, being significant only under extreme conditions (Owen-Smith 1293).
Increased foraging rates may also be energetically inefficient or may interfere with
vigilance and scanning activities leading to increased attrition by predators (Fitzgibbon
1989).

For sheep, intake was also dependent upon body mass witk . largest sheep
having the highest absolute rate of intake but the smallest intake per unit body mass.
This is in general agreement with Kleiber's law {Kleiber 1961) but also reflects
differences in growth stage with aduits having only to provide for maintenance while
younger sheep also have to meet the energetic requirements for growth (Langlands
1968).

A dynamic interaction between the different components of ingestive behaviour
existed in both animals, Bitiig rate varied inversely with bite size in cattle and sheep
in agreement with reports for these and other grazing ungulates {Allden & Whittaker
1970; Stobbs 1973b; Chacon & Stobbs 1976; Jamieson & Hodgson 1978; Wickstrom et al.
1984; Hudson & Nietfeid 1985; "palinger et al, 1988; O'Reagain 1990}, Animals may
increage hiting rates to compensate for small hite sizes and thereby maintain intake
rates (Chacon & Stobbs 1976; Hodgson 1981), Although this strategy may be successful
over fairly narrow limits (Allden & Whittsker 1970; O'Reagain 1990), it generally fel's
to maintain intake when bite sizes are restricted (Chacon et al. 1978; Jamieson &
Hoedgson 1979; Black & Kenney 1984; Wickstrom e¢ al. 1984). Increased biting rates may
also carry costs such as incressed energy expenditure, and decreased digestive
efficiency through a reduction in the number of chewing bites {Greenwood & Demment
1988). An aiternative explanation is that biting rate s not under the volitional control
of the animal but is indirectly determined by bite size through its effects on the ratio
of cropping to chewing bites: large bites require more chewing and hence depress
cropping rates through competition for jaw movements {Spalinger & Hobbs 1992; Shipley
& Spalinger 1992; Gross et al, 1993),

Cattle also extended grazing times on shorter swards, presumably in an sttempt
to compensate for the effects of reduced bite size on intake (Tabl: 3.4). However,
increased grazing times are generally only partially successful in maintaining long-term
intake rates and can seldom be extended beyond 13 hours {Arnold 1960; Allden 1962;
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Allden & Whittaker 1970; Stobbs 1873b; Chacon et al. 1978; Hudson & Frank 1987). Bite
size is therefore the major determinant of intake (Stobbs 1973b; Chacon et al. 1978;
Chacon & Stebbs 1976; Hudson & Frank 1987; Greenwood & Dermment 1988) with grazing
animals having only limited ability t: compensate for restrictions on this variable by
increasing biting rates or grazing rimes.

An Interaction betwe(;n ingestive behaviour and dietary quality in cattle was also
evident (Table 3.5). The inverse relation between bite size and bite quality found here
and in other studies (Chacon e al. 1978; O'Reagain 1990) highlights the trade-off
between quality and Intake which may occur with patch and plant part selection in
heterogeneous swards. In contrast, biting rates and grazing time were positively
correlated with bite quality; high quality forages require less chewing and ruminating
time (De Boever et al. 1990) possibly allowing more cropping bites and an extension of
grazing times. Given that esward structure also had a major effect on dietary quality
it may be argued that the above relations are coincidental. However, it is unlikely that

"y ingestive behaviour is independent of dietary quality, particularly in the heterogeneous

swards under consideration. Thus when high quality food items {plant species and/or

<
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e . plant parts) are scarce and highly dispersed the gnimal faces g trade-off between intake | |

rate and diet quality but the exact extent of this trade-off will vary according to the
quality of the food items, their degree of dispersion in the sward and, in particular, the
'state! {sensu Mangel and Clark 1982) of the foraging animal,

Present estimates of bite size and intake rate are comparable with published
values. For sheep, the range of intake rates measured (1.5 to 7 g DM per minute} ere
directly comparabie to those recorded by Allden and Whittaker (1970) of 1.0to 7.1 g
DM/minute for lambs grazing rye-grass swards of different heights. Similarly, Penning
and Hooper (1985) reported intake rates of 2.2 to 6.4 g DM per minute for ewes grazing
rye-grass with sward surface heights varying from 3 to 12 cm. The present results are
also in accordance with those of Penning et al, {1991). Estimates for cattle are also
comparable with those from other studies (Stobbs 1973a; Chacon et al. 1978; Dougherty
et al. 1989; Greenwood & Demment 1988). For example, Greenwood and Demment
(1988) reported an average bite size and intake rate respectively of 0.47 g and 26.75 g
\J DM/minute for fasted steers on rye-grasses. Although relatively high, these figuves are
within the range of bite sizes (0.07 - 0.6 g} and intake rates (6 - 28 g DM/min.} recorded
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in the present study. However, the Setaria sphacelata pastures of Chacon and Stobbs
{1976) are probably closer te souiveld conditions; these authors recorded bite sizes of
0.083 to 0.322 g and intake rates of 6.6 to 20 g DM/minute which are directly
comparable to present resuits {Fig. 3.1).

However, present measursments of ingestive behaviour are possibly higher than
would be expected under normal field conditions as animals were fasted and sanpling
was restricted to relatively short periods of grazing (Stobbs 1874; Dougherty et al. 1987;
Greenwood & Demnment 1988). Conversely, measurements of bite size and intake rate
in sheep may be underestimates as the adjustment for insensible weigit loss was based
on resting rather than grazing animals (Penning & Hooper 1985}, Cattle bite sizes and
intake rates are also likely to be underesiimates given the variability in recovery rates
of samples from fistulated animals (Stobbs 1573a}. On the basis of the waork of Stobos
{1973} it is suggested that present estimates of bite size and intake rate in cattle
underestimate actual values by about 20-30 %.

The lack of a relation between sward structure and cattle kite size and intake
rates in year 2 is perplexing (Fig. 3.1}, This could be attributed to experimental error
in that the variability in the recovery of fistula samples exceeded differences due to
sward structure, but this is unlikely as relatively precise data were obtained in year 1
with the same experimental animals. A more realistic explanation is that, due fo
spatial heterogeneity, animals grazed different parts or levels of the sward to those
actually being measured. Despite the small experimental units used and the even
grazing pressure applied, a fairly distinct grazing mosaic was beginning to emerge in
some blocks by vear 2 {pers. obs,). Although measurements were concentrated on the
more palatable species in an attempt to avoid the problem of selectivity, it is pessible
that structurally distinct sub-populations within individual species arose with time
through differences in the defoliation history of individuz: tufts. For example, within
any particular species, tufts grazed early in the season would tend to be grazed again
while undefoliated tufts would tend to grow out and become moribund and would
probably remain ungrazed throughout the year, These differences would become more
pronounced over time, creating a gradient from short, green, grazed tufts to tall,

senescent, ungrazed individuals.

This emphasizes the problem associated with Goth the concept and imeasurement
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of sward structure in muiti-species systems selectively defoliated by grazing animals,
i.e. in such a system what is the 'average' sward structure and at what level or scale
should it be measured ? Even if measurements are concentrated on the nalatable
species, the average structure of a species is likely to be different to the subset of
individuals in the species that the animal actuslly grazes, These differences are likely
to be minirnal immediately after a fire where defoliation is unselective, but are likely
to become pronounced with time.

In conciusion, it is apparent that species composition in sourveld had a velatively
small effect on Intake rate in both cattle and sheep. Nevertheless, these differences
could translate into an extra 10 % requirement in grazing time which, under certain
conditions, could be of major importance for the grazing animal. Species composition
may also be of importance over longer time periods when animals are forced to consume
other, less accessible species or tufts. In contrast to this variable, sward structure, and
in particular plant height, had a much greater effect, with intake rate increasing 3- to
6-foid in buth animal species, over a 2- to 3-fold increase in plant height. Maximum
iniake rates were achieved at heights of 7-12 cm and 20-25 cm for cattle and sheep
respectively. Sward structure can be easily manipulated through grazing management

and the potential therefore exists for the grazier t¢ manipulate this variable so as to
maximise intake rates. This could be done by closely monitoring sward growth rates and
grazing swards at heights where intake rates for the particular animal under
consideration, are maximised. Further, by usiag shert, intense periods of defoliation to
graze the sward down, a dense, even regrowth for the following grazing period will be
ensured. Contrary to cuwrrent recommendations, <attie and sheep should not be grazed
together due to differences in the optimum sward height for the two animals. However,
it is suggested that they follow each other through the grazing rotation with camps

being alternately grazed by each species.

3.6 Conclusions
3.6.1 Species composition had a relatively minor effect on the rate of dry matter

intake by both cattle and sheep but could possibly affect intake over longer grazing

periods than those used in the present experiment.
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3.6.2 Swsrd structure had & far greacer effect on the ingestive behaviour of cattle and

sheep with plant height beiug the most important sword structure variable.

“.6.3 Bite size and intake rates increased with plant height in both animals.
Conversely, biting rates, and for cattle, grazing time, dacreased with increasing plant

height,

3.6.4 Cattle intake rates increased cver the range of plant beights measured and
reached a maximum at a height of about 20-25 cm.

3.6.3 For sheep, there was evidence of a curvilinear functic.ial response with intake
rates being maximised at a height of about 7-10 cm. On short swards intake was

restricted by bite size while above this optimum, intake was restricted by biting rate,

3.6.6 Ingestive behaviour was related to dietary quality in cattle. Bite size was
negatively correlated, and biting rate and grezing time positively correlated, with
dietary Ci” and IVD. - .. A
3.6.7 In both cattle and sheep there was a dynamic interaction between the different
components of ingestive behaviour with bite size being negatively correlated with biting
rate and grazing time. Intake rate was strongly correlated with. bite size bu* not biting

rate. This suggests that bite size is the overriding determinant of intake.

3.6.8 For sheep, body slze was an important determinant of intake. Absclute intakz
rotes {g/minute) increased but relative intake rvates (g/minute/kg body mass) decreased

with increasing body mass.
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CHAPTER 4

SEQUENCE OF SPECIES SELECTION AND THE FREQUENCY AND SEVERITY OF
TILLER DEFOLIATION BY CATTLE / "'D SHEEP ON DOKHNE SOURVELD

4.1 Objectives

The specific objectives of this experiment were to:

(i) determine the sequence of species selection by cattle and sheep through a period
of occupation in a camp on Dohne Sourveld;

(ii) relate this sequence to concomitant changes in dietary quality and ingestive
behaviour;

(iii) compare the frequency and severity of tiller defoliation by cattle and sheep.

4.2 Introduction

Animals on rangeland commonly encounter a diversity of plant specles which vary RN

N

widely in their acceptability to the grazing animal.. W}}ile the physical ap_d chemical
factors which determine » "y species are selected have frequently been investigated,
e.g. Theron and Booysen {1 356); O'Reagain (1993), relatively little is known about how

they asre selected. In particular, the way foods (species) are added to or excluded from

LA AN S T L

the diet under conditions of changing food availability, and the relative allocation of

time and energy by the animal to seeking out and consurning these different foods, are

poorly understood.

o \1 This probiem is of particular relevance in rotational grazing systems. Here,

animals are confined at relatively high stocking densities to small uniform camps where
the relative availability of different foods {species) changes rapidly over time through
the selective grazing of the more preferred species in the sward. Animals are thereiore
confronted with a series of foraging decisions about when to stop rejecting and start
consuming species of lower acceptability when encountered. This is manifested in the

form of an order or sequence of species selection over the grazing period as animals are
\J forced to include species of lower and lower preference in their diet.

The sequence of species selection over the grazing period should also direcily
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affect animal production through its effects on dietary quality and intake, as the animal
grazes species differing in nutritive value and potential intake rate. Conversely, if these
latter variables are known for different species and if the sequence and manner of
species selection is also known, then it should be possible to construct dynamic,
predictive models of animal production on swards of different species composition.

Knowledge of the sequence of species selection over the grazing period is also
necessary to determine the effectivity of different grazing systems and to predict their
potential impact on rangeland. Many currently recommended systems assume patterns
of species selection which are largely untested (O'Reagain & Turner 1992). Such
systems may therefore be incapable of achieving their stated objectives and may
possibly result in range degradation.

The szquence of species selection over the grazing period has been investigated
for cattle (Daines 1980; Danckwerts et &l 1983; O'Reagain & Mentis 1989a) and for
cattle and sheep grazing together (Stoltsz & Danckwerts 1990). In all cases a distinct
sequence of species selection was observed; generally, prefetrred species and, to a lesser

extent, those of intermediate acceptability are grazed first but less-preferred or

avolded species are only consumed after the more-preferred species in the sward have

been extensively regrazed {Daines 1980; Danckwerts et al. 1983; O'Reagain & Mentis
1989a; Stoltsz & Danckwerts 1990). The extent tc which this sequence applies to sheep
is, however, unknovm and warrants investigation.

The primary objectives of the present study were therefore (i} to determine the
sequence of species selection by cattle and sheep over the grazing period, and {ii) to
relate this sequence to concomitant changes in dietary quality and ingestive behaviour
ovar the same period.

Aside from the sequence of species selection, the frequency and intensity of
tiller defoliation over the grazing period are also of importance as these directly affect
plant growth and survival, For example, Themeda triandra, a desirable species, has been
shown te be intolerant of frequent, severe defoliation (Danckwerts 1984). In this
context, sheep are considered to be relatively detrimental to rangeland {(O'Reagain &
Turner 1992) as they reputedly defoliate tillers more frequently and severely than do
cattle. Unfortunately, while the intensity and frequency of tiller defoliation has been

investigated separately for cattle (e.g. Gammon & Roberts 1978a; Gammon & Roberts
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1978b; Gillen et al, 1990) snd for sheep (e.g. Hodgson 1968; Hodgson & Ollerenshaw
1969) no direct cattle:sheep comperison exists. The assertion that sheep defoliate
tillers more frequently and severely than cattle is therefore unsubstantiated.

The secondary objectives of the study were therefore to test the hypotheses that
(i) the frequency of tiller defoliation and, (ii) rhe severity of tiller defoliation, are
greater under sheep than under cattle grazing. These hypotheses were taken to be
refuted if a significant {(P<0.05) difference was not detected in the severity and

intensity of tiller defoliation between the two animals,

43 Procedure
4.3.1 Study ares
The study was conducted at the Dohne Agricultural Development Institute situated 10
km north of Stutterheim, in the Dohne Sourveld {Acocks 1988). A more uetniled

description of the study area and experimental conditions is given in section 2.3.1.

4.3.2 Experirmental design

4.3.2.1 General

Ao .

Data were collected at the four sites described in section 2.3.2. Briefly, these were a
site which had a previous history of overgrazing (eragrostis camp), a site which had been
well managed in the past (bush camp), a site which had a history of under-utilisation
(sheep shed camp), and a previously cultivated land which had reverted to a secondary
grassland community (old lands camp). At each site two blocks of similar sward
structure were selected and grazed by elther cattle or sheed. Blocks were grazed for
perlods of six days (five days for old lands) starting on 3 February (sheep shed), 24
February (eragrostis), 16 March (old ands) and 30 March (bush) 1992, An attemp: was
made to simulate a period of gccupation in a rotational grazing system as this is the
recommended form of grazing management in southern Africa (O'Reagain & Turner
1992).

Treatments were stocked with either 18 Dohne Merino wethers (average mass 40
kg) or 3 Bonsmara steers (average mass 400 kg). It was assumed that 6 sheep provide

0.75

a similar stocking pressure in terms of metabolic mass, i.e. mass , to 1 steer

{Meissner 1978). All enimals had b.2n bora and raised on sourveld and were familiar
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with the grass species investigated. Animals were supplemented with a salt-phosphate
lick in accordance with recommendations for the area. Inbetween experimental periods

animals grazed range similar to the different study areas.

4.3.2,2 Plant measurements
At each site, three tussock grasses were selected, which, on the basis of previous
experience (O'Reagain & Mentis 1989a; O'Reagain 1983; O'Reagain unpublished data),
were taken to represent preferred, less-preferred and avoided species in terms of the
preference exhibited fur them by cattle and sheep. In order of decreasing preference,
species chosen were Andropogon appendiculatus, Tristachya leucothrix and Alloteropsis ,
semiaiata subsp. eckloniana (sheep shed camp), A, appendiculatus, Themeda triandra
and Eragrostis plana (eragrostis camp), T. triandra, T. leucothrix and A. semialata (bush
camp), and Hyparrhenia hirta, Heteropogon contortus and E. plana (old lands camp).
Species nomenclature follows Gibbs Russell et al, {1990).

In each block, a single transect was laid out for each of the three species being

investigated, with twenty-five tussocks of the species being located at regular intervals

Za -'-‘:'.,..::_-_.._g:;_u-l-,‘;;;;;.gg: i, ‘. U

along the transect. The three trapsects ran parallel to each other about 2 m apart.
Due to the small size of t.. blocks (25 x 50 m), it was assumed that grazing pressure
would be equal over the whole area and that the frequency and intensity of tiller

defoliation would be inde; :ndent of transect position.

Plants were identified using numbered, colour-coded, wire tags inserted into bare

R AR

ground about 10 cm from each tussock. In each tussock, a single ungrazed, vegetative,

|

green tiller was selected and tagged at its base with a plastic-coated wire ring. This
W gave a total of 25 marked tillers of each of the three species in each block. Tillers
were chosen at random from all possible locations within a tussock and varied widely
in height within a species.

Immediately before a site was grazed, the height {extended) of the tallest leaf
of each tiller was measured. Tillers were thereafter inspected daily at 14:00 during the
grazing period and the presence and height of any defoliativn recorded. The grazed

_' | 2dges of defoliated tillers were marked with typist's correcting fluid (Tippex) to
| \J distinguish subsequent defeliations. The latter compound appears to have no effect on

tiller selection {Gammon & Roberts 1978a; Danckwerts et al. 1983). On each day and
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at the end of the grazing period the total number of tillers which had heen defoliated
once, twice, three times or were undefoliated, was computed for each species. The
percentage (%) of tiller removed was calculated according to the formula:

% Tiller removed = (Initial tiller height/(Initial tiller height-Final defoliation height))
x 100,
Tillers which had been only partislly or unevenly defoliated were not included in
this calculation. In all cases, defoliations could be directly attributed to either cattle
or sheep as indigenous grazing ungulates were absent.

4.3.2.3 Animal measurernents

Fistula samples were coilected daliy ot 06:30 on the first five days of occupation in
each camp, using two oesophageally fistulated cattie and sheep. Dietary crude protein
and in vitro digestibility were estimated as described in: section 2,3.5. Bite size, biting
rates and intake rates for both cattle and sheep were measured as described in section
3.34.1.

4.3.3 Statistical analysis 3
The study was not replicated per se as it was considered more impertant to repeat the
experiment at different sltes rather than a number of times under identical conditions,
f.e. it was assumed that greater weight could be attached to the wmtcome if similar
results are obtained from different sites with different combinations of species.
Data for cach camp (site) were analyzed separately. The sequence of specles
selection, i.e. the order in which species were grazed over time by cattle and sheep, was
analyzed for each site using logistic regressivn (GENSTAT 1984), On aay day in the
grazing perlod, tillers could be either grazed or ungrazed, i.e. the data were binomiatly
distributed. This necessitated the use of the logit link function (Sokal & Rohlf 1981,
p.764) which provides the log-odds that any subject will have some characteristic
relative to any other characteristic. The model was based on the total number of tillers
defoliated of each species on each day of a grazing period and included terms for "day’,
'animal’, and 'grass species' as well as 'day by animal’ and 'grass by animal’
interactions. Overall goodness of fit was based on an analysis of deviance and

significance of mode! cerms on Students t-test. For each model, sheep and a single
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grass species were used as a baseline against which all other terms and interactions
were compared. Baseline species were 7. triandra, H. hirta, T. lepcothrix and 7.
trizedra for bush, cld lands, sheep shed and eragrostis camps respectively.

In the model the term 'sequence’ refers to the overall probability of tillers being
defoliated with time in a camp, 'animal’ refers to the probability of defoliation under
cattle relative to sheep grazing and 'grass’ to the gverall probability of that grass
species being defoliated relative to the baseline species. The 'sequence by catile'
interaction refers to the probability of & species being defoliated over time by cattle
relative to sheep, while the 'animal by grass' interaction refers to the probability of
cattle choosing a particular species over the baseline species, relative to sheep.

The total frequency of tiller defoliations, i.e. the number of tillers defoliated
zero, once, twice or three times, of each grass species over the grazing peried under
cattle and sheep grazing was analyzed using loglinear analysis (SAS 1991) which
primarily tests for the presence of interactions in the data (Sokal & Rohlf 1981). Grass
species (S) and animal (A) were used as "state' variubles while the number of tillers in
each defoliation class (F), i.e, defoliated once, twice or three times, were used as 'fate’
variables (Caswell 1989, p.34). In these analyses, the null hypothesis tested was that the
frequency of defoliation was independent of the species of grass and animal type, i.e.
cattle or sheep. Both partial and saturated analyses were undertaken but greater
significance should be attached to the foriner because the other factors are taken into
account when an individual factor is tested. The partial analyses involved fitting a
series of models containing various combinations of state-fate interactions to the data.
The significance of a particular interacticn is then_given by the significance of the
model rrom which it has been excluded {Casweil 1989),

Due to the relatively small sample sizes the possibility existed of significant
cattle-sheep differences being obscured in the general loglinear analyses. The G-test
{Sokal & Rohlf 1981} was therefore used to compare the freguency of tiller defoliation
(i) for individual grasses under cattle and sheep grazing and (ii) for different grass
species in the same camp under cattle and sheep grazing, respectively.

Comparison of the height of tiller defoliation and the % of tiller removed under
cattle and sheep grazing was hased on a factorial design using 'animal’ as a treatment

and grass species as a factor (GENSTAT 1984). Individual tillers were used as
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replications and, consequently, the trial is pseudo-replicated (Hurlburt 1981), Where
necessary, percentage data were transformed using an angular transformation.

Differences in dietary CP, IVD, bite size, bite rate and intake rate between days
within a period of occupation in a camp were compared in an analysis of variance
(ANQVA; SAS 1991} using individual animals as replicates.

44. Results

4.4.1 Sequence of species selection

In bush camp, sheep first selected 7. ériandra and T. leucothrix, defoliating more than
70 % of these tillers in the first two days of occupation in the camp (Fig. 4.1).
Thereafter, many of these tillers were regrazed but A. semialata was only really utilised
after day three when the majority of T. triandra and T, leucothrix tillers had been
defcliated one or more times. With cattle, all three species experienced similar rates
of utilisation with regrazing of tillers occurring from day three onwards. Tillers were
significantly (P<0.01) less likely to be defoliated under cattl . than under sheep grazing
(Table 4.1), as indicated by negative t-value {-3.33) fcr the cattle term in the regression
morle].. However, the nrabability of tillers being defoliated with time over the grazing
period was the same for both animals (sequence'cattle'= -0.14), There were significant
differences both between, and within, cattle and sheep in their preferences for the
different grass species. In general, animals were less likely to defoliate A. semialatabut
more likely to defoliate T. Ieucothrix than T, triandra. Conversely, A. semialata (t=
7.86) were far more likely, and T. leucothrix(t= -2.98) less likely, to be defoliated under
cattle, than under sheep grazing (Table 4.1},

In eragrostis camp, both animals selected strongly for A. appendiculatus and T.
triandra (Fig. 4.1) with many of these tillers being subsequently regrazed. Eragrostis
planz was largely avoided and only grazed near the end of the six-day study period.
Sheep were more likely to graze tillers near the end of a period of occupation than
cattle (Table 4.1), indicating that they are more likely to resist grazing avoided species
such as E. plana. There were major differences between species in the extent to which
they were grazed (Table 4.1} but cattle were less selective in terms of species than
sheep, as indicated by the positive, significant (P=0.01) "cattle' term in the regression
maodel,
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Figure 4.1(z)  Percentage of tillers grazed once (solid line), twice {dashed line) or three times
{dotted line) over a 6-day grazing period by cattle and sheep at bush and eragrostis
camps (As = A. appendiculstus, As = A, semialata, Ep = E. plana,

He = H. contortus, Hh = H.hirta, Tl = T. leucothriz, Tt = T. triandra).
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Table 4.1 Mode! deviance ratio an4 t-values for modsl parameters for logistic regression of
the sequence of species selection at four sites in the Dohne Sourveld, (Bush:
species 1 = A. semialata, 2 = T. leuacothrix, Eragrostis: species 1 = A.
appendiculatus, 2 = E. plana. Old lands: species 1 = H. contortus, 2 = E. plana.
Sheep shed: species 1 = A, semialata, 2 = A. appendiculatus). See text for details

Camp
Bush Eragrostis Old lands Sheep shed
Constant -3.13 -4.43 -3.98 -7.20
Sequence 8.17 6.13 8.08 8.35
Animal 'cattle' -3.33 4.18 2.58 -1.72
Grass 'species 1' -7.95 317 -1.13 -5.36
Grasg "species 2' 2,77 -7.35 -8.69 4.63
Sequence "caitle' ~0.14 -3.49 -2.69 0.73
Catile x species 1 7.86 -3.62 -1.84 5.23
Catile x species 2 -2.98 3.52 2.85 ~-0.77
Deviance ratio 49.34 262.00 76.32 3397

- * . . . - - -

[tio.05) 28 df = 2.048]

[t(0.01) 28 df = 2.763]
At old lands sheep first grazed H. hirta and H. contortus (Fig, 4.1). Regrazing

of both species then eccurred with sheep defoliating E. plana titlers last. Cattle 2lso
selected for H. hirta and, to a lesser extent, for H, contortus, but consemed E, plana
earlier in the grazing period than did sheep. Overall, tillers were m ore likely to be
defoliated under cattle than under sheep grazing but conversely these tillers were more
likely to be defoliated neér the end of the grazing period by sheep (Table 4.1 ), There
were vast differences in the degree of preference exhibited for the different species,
but again cattle were more likely to consume E. plana than were sl 2ep.

At sheep shed, sheep first selected A. appendiculatus followed by T. leucothrix,
Regrazing of A. appendiculatus was extensive and more than 60 % of these tillers were
grazed two or more times over the six-day period (Fig. 4.1). Sheep avoided A. semislata
ang grazed only a smatll proportion of these tillers. Cattle defoliated A. appendiculatus

tillers in preference to those of A. semialata which in turn were defoliated in
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preference to T. leucothrix (Fig. 4.1). Despite these differences, ¢'.. chree species were
defoliated at roughly similar rates with regrazing of all species occurring in the latter
half of the grazing period (Fig. 4.1). Overall, tillers had an equal probability of being
defoliated under both cattle and sheep grazing. Differences in preference for species
were highly significant with A, semialata and A. appendiculatus having a lesser and
greater chance respectively, than T. leucothrix of being defoliated Table 4.1).

For both cattle and sheep, the utilisation of any species was strongly dependent
upon the extent of utilisation of the most-preferred species in the sward (Fig. 4.2). In
most cases a two-stage response was evident. In the first stage, the degree of utilisat*nn
of the preferied species was still reiatively low and ungrazed tillers of this species .”. - 2
available. Here, utilisation of the less-preferred species was low, or in the case of
avoided species, almost non-existent. However, as the utilisation of the preferred
species increased, a threshold was approached, and above this point, utilisation of less-
preferred or avoided species increased dramatically (Fig. 4.2). Generally, the greater
the difference in preference be . ve.n the preferred and the next most-preferred species,
the hizher the threshold and the lower the pre-threshold utilisation of the latter species.
Where species were of a similar preference ranking, the ratio of the extent of

utilisation of the two species to each other was close to unity (Fig.4.2).

4.4.2 Frequency of tiller defoliation

The majority of tillers at all sites and under both cattle and sheep grazing were
defoliated at least once and in some cases two or three times by the end of the grazing
period (Fig. 4.3}, The frequency of tiller defoliation was independent of both species
and animal in all camps In the partial loglinear model but was dependent on animal type
in bush camp in the saturated mod.: {Table 4.2). On an individual species basis, the
frequency of tiiler defeliation was deperdent on animal type in five out of twelve
comparisons but the results were inconsistent (Fig. 4.3), i.e. i two cases the frequency
of tiller defoliution was higher under cattle grazing while in the other three the reverse
ceccwrred. This Inconsistency and the general lack of significance of the overall analysis

indicates no real difference betwren cattle and sheep in the frequency of tiller

defoliation.
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Table 4.2 Probability values for partial and saturated joglinear models of the dependence of
tiller defoliation {def.) frequency on grass species, animal species and an animal-
grass species interaction at four different sites in the Dohne Sourveld

Camp
Model
Bush Eragrostis O1d lands Sheep shed

Partial

Def, = species 0.349 0.835 0.201 0.215
Def. x animal 0.121 6.952 0.162 0,157
Def. x animal x species 0.095 0.999 0.183 0.293
Saturated

Def, x species 0,096 0.238 0.207 0.293
Def. x animal 0.008%* 0.389 0.062 0.141
Def. x animal x species 0.004% 0.677 0.183 0.293

The overall frequency of tiller defoliation was strongly dependent on grass
species at all sites under sheep grazing {Table 4.3) highlighting the selective nature of
these animals. In contrast, under cattle grazing the overall frequency of tiller
defoliation was only deperdent upon species at eragrostis (P<0.01) and old lands {P<0.05)

camps,
Table 4.3 G -values for the dependence of tiller defoliation frequency on grass species under
cattle and sheep grazing at four different sites in the Dohne Sourveld
Animal
Site
Sheep Cattle
Bush 21.43 ** 8.15
Eragrostis 61.64 k% 24,70 wwx
Old lands 21,79 dkx 12.64 *
Sheep shed 28,79 ** 0.781
4.4.3 Severity of tiller defoliation

Sheep defoliated tillers at a sigrificantly {P=0.05) lower height than did cattle (Table
4.4) with this difference being consistent across all sites and all species. Mean
differences In defoliation height between the two animals rarged from 1 cm for T.

triandra {bush vamp) to 3.28 cm for A appendiculatus (sheep shed) (Table 4.4).
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Tabie 4.4 Mean height (cm) of tiller defoliation by cattle (Ca) end sheep (Sh) for different
grass species at four sites in the Dohne Sourveld. Statistical comparisons are for
catile versus sheep at individual sites
Site Species CavsSh
Bush A. semialata T. triandra 7. leacothrix
Ca 5.70 5.28 4.27 **
Sh 4,52 4.28 2.84
Eragrostis A. appendiculatus T. triandra E, plana
Ca 7.26 5.03 7.50 ok
Sh 4,63 312 5.00
0Old iands H. hirta H. conrorius E. plana
Ca 7.42 4.06 4.96 ok
Sh 4.76 2.50 3.54
Sheep shed A, appendiculatus A. semialata T. leucothrix !
Ca 11.25 8.58 7.62 *
Sh 7.97 8.00 5.57
= —

Differences in the percent of total tiller length removed were also significant (P<0.05)

e e el o e
ok ket SR e R O L e

A

b with sheep consistently removing a greater percentage of the tiller than cattle (Table
4.5)., This difference was also cousistent across all sites and species and ranged from

g 0.48 % for A. semialata (bush camp) to 16.57 % for H. coatortus {old lands).

Table 4.5 Mean percent tiller length removed by catile (Ca) and sheep (Sh) for different
n grass species at four sites in the Dohne Sourveld. Statistical eomparisons are for
cattle versus sheep at each site
[ ——
Site Species CaveSh
2y Bush A, semialata T. triandra T. leucothrix
: Ca 63.57 64.76 61.12 *
; Sh 64.05 69.24 72.13 :
: Eragrostis A. appendiculatus 7. triandra E. plana
Ca 69.07 71.43 70.36
Sh 79.92 $0.29 77.78
Old lands H. hirta H, contortus E. plana
Ca 69,91 64.91 77.33
Sh 73.77 81.48 81.65
Sheep shed A. appendiculatus A. semialata T. leucothrix
Ca 64.06 52.11 56.65
Sh 73.17 61.90 71.24
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4.4.4 Changes in dietary quality and ingestive behaviour

Dietary CP declined over the grazing period for both cattle and sheep in all camps (Fig.
4.4) with the largest decline generally occurring over the first or second days of
occupation (Table 4.6), However, in certain cases the decline was not constant, with
dietary CP tending to level out or even increase slightly over the final days of the
grazing period, Dietary IVD also showed a net decline over the grazing period (Table
4.8) but the observed trends wvsere inconsistent (Fig. 4.4}, with IVD declining fairly

consistently with time in some camps but fluctuating in others.

Fable 4.6 Mean in vitre digestibility (IVD) and crude protein (CP) content of diets selected
by cattle and sheep over a 5-day period of occupation in a camp at four sites in
the Dohne Sourveld. Means in the same row with the same superscript are not
significantly different at the 5 % level
o — i i ]
Day in camp
Variable Camp 1 2 3 4 5
%DM,
Cattle: IVD Bush 45212 40,279 41,510 38,420 38,320
Eragrostis 53,052 51,0290 48,360¢ 47.70° 50.620ab
Old lands 49,952 43.400¢ 46.03° 46.01° 40.95¢
Sheep shed 51,312 49,259 48,178 47,868 45,502
Cattle: CP Bush 6.172 4619 4740 4,030 4,350
Eragrostis 6.072 5,578 4790 4,840 4,250
0ld lands 6.042 4.4680 3.50° 3,708 4,228
Sheep shed 6.382 5,223b 4.620 4,480 5,1380
Sheep: IVD Bush - 45.80% 44.40°2 47,022 46,882
Eragrostis 58.15% 55,743 53,882 50,052 54,282
Old lands 57279 55,152 54,282 54,28 53.542
Sheep shed 51,528 47.668 52,708 50,882 46,953
Sheep: CP Bush 6.498 5,130 4,670 4,850 4.620
Eragrostis 6.542 6.0690 5,120 4.61© 4,53°
g}:ﬂ ‘a“gs y 6.963 5,640 5,373 4.919 4560
eep she 5,568 4,592 47198 4242 3.98

Changes in ingestive behaviour over the grazing period were generally

inconsistent in all camps {Fig. 4.5). For both animals, biting rates declined sharply with
time in some camps but stayed fairly constant in others. For example, cattle bite rates
at old lands declined from 54.54 to 47.13 b...s/min. over the course of the grazing
period while at sheep shed the decline ‘was only from 54.11 to 52.76 bites/min. over the
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same period (Table 4.7). Cattle bite sizes and intake rates were generally highest on

day 1 but tended to decline sharply on the second day. Trends for both variables were

thereafter inconsistent (Fig. 4.6). Due to the inconsistent recovery rates of fistula

samples with sheep, bite size and Intake rate estimates for these animals were

extremely varlable and these data are consequently not presented.

Table 4.7 Mean bite rate for cattle and sheep, and mean bite size and intake rate for catile
over a 5-day period of occupation in a camp at four sites in the Dohne Sourveld.
Means in the same row with the same superscript are not significantly different
at the 5 55 level
Day in camp
Variable Camp 1 2 3 4 5
bites/min
Sheep: Bush 49.372 46,2490 437380 422080 41.01P
Bite rate Eragrostis 37.15% 38.30% 40.002 42.872 34.113
Old lands 48.30° 37.4680 402728 40.48% 26280
Sheep shed 43,092 39.112 38.522 33.87% 38,963
Cattle: Bush 57.50% 54,452 52,428 56,882 55.928
Bite rate Eragrostis 51.872 46.462 40,762 38.54% 37.762
Old lunds 54,542 46.84P 47.14° 481730 48,020
Sheep shed 54,1180 49,730 534180 58002 527630
g.DM,
Cattles Bush n,445% 0.3992 - 0.3022 0.3433
Bite size Eragrostis 0.3872 0.4292 0.3618 0.5192 0,3982
Old lands 05322 039180 0.498% 0283 036230
Sheep shed 0.6282 0.4293 0.4312 0.4802 0.4293
g.DM/min,
Cattle: Bush 25.578 21.86% - 17.2;8 19.162
Intake rate Eragrostis 20,112 19.882 14,712 20,423 15.612
Old lands 29,058 19.190 18.82% 11490 14640
Sheep shed 34,042 21.428 23.142 27.85% 22.672
4.5 Discussion

The sequence or order of species selection over the grazing period could be conveniently

divided into three distinct stages.

In the first stage, arimals selected the most-

preferred species in the sward with some utilization of less-preferred species also
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occurring. The second stage was initiated when about 60 % of the tillers of the
preferred species had been defoliated and was characterised by regrazing of these tillers
coupled with Increased utilization of less-preferred species. The third and final stage
commenced when 80-100 % of tillers of the preferred and less-preferred species had
been defoliated at least once and grazing of previously avoided species was finally
initiated. This sequence of species selection was essentially the same for both cattle
and sheep although the actual categorization of species into the different preference
classes varied somewhat between the two animals. For example, while sheep avoided
A. semialata, this was a preferred species for cattle. Sheep also appeared to be more
selective than cattie and tended to delay grazing avnided species until later in the
grazing period than did the latter animals (Fig. 4.1).

The present results corroborate the general sequence of species selection through
a grazing period first reported by Daines (1980), and later by Danckwerts et al. (1983),
for cattle grazing Dohne Sourveld and semi-ar: ¥ grassveld, respectively, Similar results
have alse been reported by O'Reagain and Mentis (1989a) for cattle on a secondary
grassland community in northern Natal and by Stoitsz and Danckwerts (1990) for cattie
and sheep grazing together on the Dohne Sourveld. The consistent feature to all these
studies, is that animsals generally selected previously defoliated tufts of preferred
species rather than graze the undefoliated tnfis of avoided species In the sward.

The general consistency of the present results with the published literature
{Daines 1980; Danckwerts et al, 1983; O'Reagain & Mentis 1989a; Stoltsz & Danckwerts
1990) suggests that the general sequence of species selection described above, is of
fairly general applicability to grazers in rotational grazing systems having relatively
short periods of occupation, i.e. 1-3 weeks, in a camp. However, the extent to which
this sequence operates where periods of occupation are longer, is unclear. Possibly,
where periods of occupation are sufficiently long and conditions suitable for rapid
growth, preferred species may regrow sufficient. s quickly after defoliation to allow the
animels to return to such regrowth without being forced to graze the less-preferred or
avoided species in the sward.

The effect of stocking density on this sequence: 15 also of interest. At high
stocking densities animals still select preferred species first, but are forced to consume

avoided species sooner than under light stocking (Daines 1980; Stoltsz & Danckwerts
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1990), simply because the availability of preferred plants is depleted more rapidly.
Stocking density therefore appears to affect only the rate' at which the sequence
proceeds and not the order of selection per se.

A basic prediction of optimal foraging theory is that, as food availability
declines, dietary breadth should be widened (Emlen 1966} with foods being added to the
dict in the rank order of their utility to the animal {Pyke et al. 1977). Assuming that
animals do forage optimally and that preference is correlated with utility, then the
observed sequence of selection was in bread agreement with this prediction; beth
animals only consumed less-preferred species to any marked degree later in the grazing
period when herbage availability had been depleted through grazing., Once a new food
has been included in the diet it should always be consumed when encountered {(Krebs &
McCleary 1984), l.e. an all-or-nothing response. However, while an obvious step-
function was evident in some situations, e.g. E. plana in eragrostis camp {Fig. 4.2), in
others the ucilization of leSs-prefe:red species was simply increased from low to high
levels. This implies the existence of partial preferences with less-preferred or avolded
species never being totally excluded from the diet. A number of explanations exist to
explain partial preferences (Krebs & McCleary 1984) such as the need to sample a
fiuctuating environment {Westoby 1978) or imperfect knowledge on the part of the
animal on the value and abundance of species present.

The decision to eat a lower-ranking food (species) should also depend upon the
abundance of more-preferred foods and should be independent of its own abundauce
(Pyke et al. 1977). This accurred in the present study where the consumption of less-
preferred species was strongly dependent upon the extent of defoliation and, therefore,
the availability of more-preferred species. A threshold effect (Fig. 4.2) was evident in
all camps with utilization of less-preferred species being low or non-existent when
ungruzed tufts of preferred species were readily avallable. However, once the
availability of such tufts had been depleted through grazing, utilisation of less-preferred
or avoided species increased sharply.

The regrazing of tillers of preferred species when other, ungrazed species were
availeble is unexpected. The major proportion of a tiller (~60 %) is removed in the first
defoliation (O'Reagain, unpublished data) so such regrazings are likely to yield very

small bites. Further, such bites are likely to be of relatively poor nutritive value as
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regrazings often extend below the leaf collar (pers. obs.) into a zone comprised of
tough, fibrous material of low quality. Although the more-preferred species may be
of higher oversall guality, it is difficult to accept that a second bite from a previously
grazed tiller could he of superior value to the animal, than a fresh bite from an
undefoiiated, albeit slightly lower quality, speeies. This suggests that the regrazing of
tillers {s sub-optimal, particularly over the short grazing periods considered in the
present s«udy. However, over longer time periods, where tiller regrowth is possible, the
high quality of such regrowth may outwe? . its small potential bite size, making
regrazing of preferred species an evolutionary stable strategy.

The sequence of species selection over the grazing period should also affect
dietary quality and ingestive behaviour as animals consume grasses differing in nutritive
value and offering different rates of intake, Overall, dietary quality declined with time
in a paddock, as noted in other studies (Chacon & Stobbs 1976; Hardy 1986; O'Reagain
& Mentis 1988; Olson et al. 1989). Assuming that species preference is partly a function
of leaf quality, e.g. Field (1978), this overall trend is logical. However, on a finer scale,
dietary quality might be expected to oscillate within this general downward trend as
animals graze and then regraze a particular preference class, before moving on to the
next, largely ungrazed, class. This appeared to have occurred in certain camps,
particularly with digestibility, where the decline was inconsistent and appeared to
fluctuate over time {Fig. 4.4).

Bite size might also be expected to decline and bite rate increase over the
grazing period, as found on mono-specific swards (Chacon & Stobbs 1976; Jamieson &
Hodgson 1979; Olson et al. 1989). However, changes in ingestive behaviour were
inconsistent, with bite rate decreasing sharply at some sites or fluctuating in others.
Similarly, cattle bite sizes showed a consistent decline at only one (bush) of the four
sites studied (Fig. 4.5). Although inconciusive, these trends suggest that in multi-
species swards, ingestive behaviour is not a moenotonic function of time but tracks the
sequence and degree of defoliation of the different species available through the grazing
period.

The sequence of species selection over the grazing period is also of direct

reievance to rangeland management. For example, non-selective (Acocks 1966) or high-

utilisation (Booysen 1969} grazing is based on the assumption that heavy stocking
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densities can be used to force animals to utilise even the most avoided species in the
sward. This allegediy decreases the relative abundance of these undesirable species
because they ere supposedly less tolerant of grazing than the more desirable (preferred)
species present in the sward (Acocks 1966; Booysen 1969; Edwards 1951" : «-wever, the
results reported here, and in other studies (Daines 1980; Danckwerts et al, 1983;
O'Reagain & Mentis 1989a), suggest that the basic concept of non-selective grazing is
flawed and is, in practice, largely unattainzble, even at high stocking densities.
Furthermore, the resuitant damage resulting to preferred species in trying to achieve
such an objective is likely to outweigh any potential benefit arising from the utilisation
of the less desirable species in the sward.

Danckwerts {1984) recommended that, as a rule of thumb, animals should be
removed from a paddock when 80-80 % of the tufts of the preferred snecies had been
grazed. However, the present results indicate that at this stage extensive regrazing of
preferred species has already been initiated (Fig 4.1), suggesting that this management
guideline (Danckwerts lec. cit.) could result in excessive use of these species. It is
therefore suggested that if a primary management objective is to prevent excessive
defoliation of preferred species, then snimais be removed sooner, when sbhout 60-70 %
of these plants have received some form of defoliation.

In general, the frequency with which tillers were defoliated within a grazing
period was similar under cattle and sheep grazing, While significant differences in
defoliation frequency were apparent for certain grass species {Fig. 4.3), these were
inconsistent, apparently reflecting differences in preference between the two animals,
i.e. both cattle and sheep tended to repeatedly defoliate preferred species. Accordingly,
the hypothesis that sheep defoliate tillers more frequently than cattle during a grazing
period is rejected. However, given the relatively small sample sizes used, the possibility
of a Type II error cannot be discounted and significant differences between catile and
sheep in tiller defoliation frequency may have been detected with larger samples. More
importantly, the present. study measured defcliation frequency over a relatively short
period, i.e. six days, and thus did not consider defoliation of regrowth which could be
of greater importance to the plant than defoliation per se. Consequently, the przsent
results are inconclusive and further investigation using larger sample sizes and longer

grazing periods is suggested.
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The severity of tiller defoliation was, however, clearly greater under sheep ihan
under cattle grazing; sheep always grazed tillers at a lower height, removing a greater
proportion of the tiller than did cattle {Table 4.4 & 4.5). The hypothesis that the
severity of tiller defoliation is greater under sheep than under cattle grazing is
therefore accepted. The consistency of the above observation at all sites and across
seven grass species, some of which had a very low preference ranking for sheep,
suggeste that this finding is robust and likely to be of wide applicability.

‘The species preferences exhibited by cattle and sheep were similar but not
identical, with each tending to defcliate different species io different degrees. This
suggests that the relative impacts of cattle and sheep on species composition in sourveld
are likely to be different, simply because they graze a slightly different subset of
species in the sward. Further, the relative impact of shesp on species composition
might be expected to be weove detrimental for two reasons, First, although the
difference between the proportion of tiller removed by cattle and sheep appesars
relatively smail (10 %), on an average of 4-8 defoliations per season (Garnmon &
Roberts 1978a), the cumulative annual difference in tissue loss for an individual plant
is likely to be of significance. Second, sheep appear to concentrate on a narrower
spectrurn of specles, so that at equivalent stocking densities, preferred species are
likely to experience a greater intensity of defoliation than under cattle grazing. This
is corroborated by the observations of Du Toit {1967) that veld grazed by sheep had a

lower basal cover, lower yield and a higher weed density than that grazed by cattle.

4.6 Conclusions

4.6.1 Within a period of grazing in a camp animals first grazed preferred species
and to a limited extent, species which were .ess preferred. When about 60-70 % of the
tillers of preferred species had been defoliated, regrazing of previously defoliated tillers
of these specics was initiated along with increused utilization of less-preferred species.
Utilization of avoided species finally occurred only after extensive defolistion of

preferred and less-preferred species in the sward,

4.6.2 Cattle and sheep had a similar s uence of species selection over the
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period of grazing in a camp. However, the preference ranking of different species was
not. the same by the two animals. Sheep tended to be more s:.tective, and waited longer

before grazing avoided species, than did cattle.

4.6.3 The sequence of species selection was I broad asgreement with the
predictions of optimal foraging theory in that animals became less selective as forage
availability declined while the utilization of species was directly dependent upon the

degree of utilization of more-preferred species.

4.6.4 Dietary quality declined over the grazing period but the rate of decline
was inconsistent. Ingestive behaviour also changed over the grazing period but no

consistent trends wers evident.

4.6.5 There was no difference between cattle and sheep in the frequency of
tillex defoliation with both animals tending to repeatedly regraze tillers of preferred

species over the period of occupation in a camp.

4.6.6 The severity of tiiler defoliation was greater under sheep than cattle
grazing. Sbeep cotsistently defoliated tillers at a lower height and removed a greater
proportion of tiller length than did cattle.

4.6.7 The evidence suggests that the impact of cattie and sheep on rangeland

is likely to be different and that sheep have a greater potential to cause rangeland

degradation than cattie.,
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CHAPTER 35

THE POTENTIAL INGESTION RATES OF DIFFERENT SOURVELD GRASSES

5.1 Ohjectives
The specific objectives of this experiment were to:

{i) determine the potential ingestion rates of different sourveld grasses by cattle
and sheep;
(11}  quantify the re.ation between ingestion rate and plant structure for individual

grass species.

5.2 Introduction

All grass species differ in their basic morphology, spatial geometry and in their leaf to
stem ratio. It is thus logical to expect that species will differ substantially in bite size
and the rate at which bites can be harvested, and therefore in the potential rate of DM
ingestion by the grazing animal. These variables will not, however be constant for any
given species but will vary according to the phenology or growth stage at which a
particular grass is encountered.

Animal production is essentially the product uf dietarv quality and intake, less
the energy expended by the animal. Therefore if the nutritive value and acceptability
of a species is known and the potential rate of ingestion of that species at a particular
phenological stage can be determined, then it should be possible to quentitatively
predict animaj production cn multi-species swards like sourveld.

Quantification of the poteniin] inteke rates of different spucies is also of
importance in modelling dietary selection; a basic tenet of optimal foraging theory is
that foods should be selected on the basis of their utility to the animal, calculated as
the ratin of energy content/handling costs (Emlen 1966). For the grazing animal, these
handling costs arise partly from the time anid energy expended in harvesting a particular
food. Accordingly, the potential intake rate of a particular species should be an
important determinant of its overall acceptability to the animnal. This has been

demonstrated for vrowsing ungulates (Cooper & Owen-Smith 1986) and also appears to
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be important for grazers like cattie (O'Reagain & Mentis 1989b) and sheep (()/'Reagain
1993).

Quantification of the potential ...cake rate of different grass species is,
unfortunately, difficult. This is due in part to methodelegical problems associated with
measuring short-term rates of intake in the field and, in part, to environmental and
dietary heterogeneity in that animals comanonly consume a nuraber of plant species over
relatively short time periods. The latter problem is particularly relevant in sourveld
where swards are heterogeneous and dense, making it almost impossible to disi:inguish
what species are oelng consumed. even at close range {(pers. ob:.).

A number of previous workers have successfully quantified the amount of herbage
removed from different grass species by the grazing animal (Grunow & Van Ginke! 1965;
Kruger & Edwards 1972; Danckwerts et al, 1983; Stoltsz & Danckwerts 1990). However,
none of these studies quantified the rate at wnich the herbage was removed and
ingested. Consequently, it is impossible to d:termine the actual 'profitability’ or net
rate of ingestion of a particular species, limiting the usefulness of such data for models

of dietary selection or animal production.

5.3 Procedure
5.3.1 Study area
The experiment was conducted at the Dohne Agricultural Development Institute,
situnted some 10 km north of Stutterheim. A more detailed description of the general

study area is provided in section 2.3.1.

5.3.2 Experimental design

The approach Initially adopted was to establish monospecific plots of different grass
species in the field and fhen to attempt to measure ingestion rates by grazing these
plois with oesophageally fistulated animals (termed the 'plot' crial). This method was
genérally unsatisfactory {section 5.4.1) and it was subsequently discontinued. Following
on the method of Murson et al. (1989) an attempt was made to measure ingestion rates
using mature, established tussocks of each species, transplanted into pots which were
then grazed by experimental animals {termed the 'pot' trial). This methcd was

successful and the results of this experiment ace presented in section 5.4.2
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5.3.2.1 Plot trial

5.3.2.1.1 Gereral procedure

Mor ospecific stands of A. appendiculatus, C. dactylon, H, hirta and T. triandra,
mersuring approximately 5 m x 5 m, were established in situ. Plots were established
by identifying patches in the fizcld containing a high proportion of the desired species
and then coring out any other species present using a large tuft auger {15 cm internal
diameter), Resultant gaps were then filled with trausplanted tussocks or sods of the
required species from adjacent grassveld. In all plots, contamination by other, non-
target spec: < was minimal (<5 %). The above method was chosen in preference to
establishment with seed in nursery plots in order to mimic the compacted, undisturbed
soil environment commonly encountered in rangeland. On occasion, plots were mown

to remove excess material and condition the sward for grazing.

5.3.2.1.2 Sward structure
Immediately prior to grazing, 50 random me surements of plant height, leaf table

height, greenness and stemminess were made in each plot as described in section 2,3.3.

5.3.2,1.3 Animal measurements

Plots were grazed for periods of 20 to 30 minutes using two cesophageally fistulated
Bonsmara type steers {(average mass 400 kg) and ihree fistulated Dohne mering wethers
{average mass 40 kg). Animals were fasted overnight to stimulate appetite. Animals
were confined to plots using portable sheep handling pens. Sheep always prazed first
followed by cattle to prevent inteiference between animals and to facilitate
measurement of ingestive behaviour. Measurements of Lite size, bite rate ard intake
rate were made as described in section 3.3.5. Estimates of dietary crude protein and in

vitro digestibility were made as described in section 2.3.5

5.3.2.2 Pot trial

5.3.2.2.1 General procedure

Seven grass ,ecles were chosen for the experiment. These were Andropogon
appendiculatus, Cynodon dactylon, Eragrostisplana Heteropogon contortus, Hyparrhenia
hirta, Tristachya leucothrix and Themeda trisndra, Cattle were also presented with

4
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Alloteropsis semialata, (Species nomenclature foll- vs Cibbs Russcll et al. 1990.)
Species were chosen on the basis of their general abundance in Dohne Sourveld and,
therefore, their potential Importance as a forage source., With the exception of C.
dactylon which is a creeping stoloniferous species, all are tussock grasses.
Well-established tussocks or sods growing in situ in undisturbed (>10 years)
rengeland were removed with roots intact using a steel tuft auger (internal core
diameter and depth both 15 cm) and transplanted into 2.5 or 5 litre black plastic pots.
Plants were established with the soil level approximately 2 cm beiow the lip of the pot.
Where necessary, a mixture of vermiculite and sawdust was used as filling, Pots were
kept in a glasshouse and maintained at or near field capacity. Nutrients were not
provided except where nutrient deficiencies appeared to be restricting growth in which
case plants received a single, light application of granular fertilizer (limestone

ammonium. nitrate:28% N).

5.3.2.2.2 Plant structure
Immediately prior to grazing piant height, leaf table height, greenness and stemminess

were reccrded for each pot as described in section 2.3.3.

5.3.2.2.3 Animal measurements

Four Dohne merino ewe lambs {average mass 41 kg} and one Bonsmara steer {mass 400
kg) were used in the experiment. Only one steer was used as the other experimental
animal showed reluctance in grazing the pots. All animals were sourveld-raised and
well-acquainted with the species in question. Animals were fasted overnight (16:00-
08:00) to stimulate appetite but in the case of E. plana, fasting usually had to be
extended until early afternoon (14:00) before animals would eat this species,

For sheep, pots were presented individually to each animal. However, for cattle,
pots of similar plant structure were clamped together in groups of four using an angle-
iron frame bolted to a wooden base. Cattle were therefore confronted with a 31 cm x
31 em or 38 cm x 38 cm mini-sward, depending upon pot size. Generally, animals
showed little hesitation in defoiizting pots and frequently had to be forcibly restrained
from grazing pots while data were being transcribed. Pots were grazed until evenly

defoliated or auimals lost interest. As far as possible, equal or similar numbers of pots
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of each species were presented to each experimental animal,

Pots were weighed immediately before and after defoliation using a Mettier!
electronic halance (capacity 6 kg; sensitivity 0.1 g). Bite size was calculated as mass
change/number of bites, corrected for dry matter. Bites were counted manually and
grazing time defined as zhe time between the first and iast bite recorded using a stop-
watch. Biting rate was calculated as total bites/grazing time while intake rate was

calculated as mass change/grazing tine.

5.3.3 Statistical analyses

Between-gpecies comparisons of bite size, bite rate and intake rate were made using an
analysis of variance {ANOVA; SAS 1991). For sheep, species were used as a "treatment'
while each sheep served as a replicate. As data were only available from a single steer,
individual measurements were used as replicates in the analysis of cattle data. Means
and standard error. are therefore derived from individual animals for sheep and from
individual measurements for cattle,

Relations between ingestive behavicur and ‘ne various cornponents of plant
structure were investigated using correlation analysis (CORR; SAS 1991) and were based
on individual measurements, i.e. single tufts for sheep and groups of four tufts for
cattle. Linear models of bite size and intake rate agaminst plant hejght wore also
determined for cattie using regression analysis (REG; SAS 1991). Plant height was
chosen as an independent variable on the hasis of results from the correlation analyses

and because it can be easily and objectively measured in the field.

5.4 Results
R.4.1 Plot trial
Whe dncs obeaie e chis tefal were, In goseral, wsatisfactory. This wao duo oo the

variable recovery rates of fistia entrosa, especiaily from the st 2p, which casts doubt
upon the acnurac @ of ostinates of bite size and Intake rate. Confinement of animals
to the small sampling arcas may alse have disturbed them and, in some cases, may hava

affecied their grazing behaviour. These data will consequently only be presented for

L Micro:cp (Pty) Lid., PO Box 3288.Pinetown,3600.
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interest in an appendix (Appendix 4). However, there are two observations from this
daia set which are noteworthy, Firstl» when the T. trfandra plot was first grazed, the
sward was fairly tall {mean height 31.3 cm) and stemmy with most of the green forage
dlluted with senescent material, While the cattle grazed this ,lot fairly readily, the
sheep, after initially taking a few bites, refused t¢ -onsume any of the material on
offer. After this block had been mown, it was readily grazed by sheep on subsequent
sampling occasions (Appendix 4.2},

Secondly, when the A. appendiculatys plot was first grazed, mest of the plants
present were fairly recent transplants (<2 weeks) and had also recently been exposed to
a mild drought. Both cattle and sheep initially showed some interest in grazing che plot
but thereafter refused to graze completely. Grazing was not affected because the
animals were confined, siuce, as soon &s the animals were moved on to an equally small,
adjacent area of veld, they commenced grazing immediately. However, when moved
back to the plot of A. appendiculatus they ceased grazing once more. This behaviour
is surprising as A. appendiculatus is highly anceptable to both animals (Chapter 4), and
¢ . ‘ubsequent occasions they showed no hesitation in grazing this species (Appendix 4.1
& 4.2). It is speculated that the stress Induced by transplanting and the subsequent
drought possibly affected this speciea's leaf chemistry, making it unacceptable. This
suggests that some induced chemical defense may operate in A. appendiculatus, which

possibly warrants further investigation,

5.4.2 Pot trial

5421 Sheep

Overall, E, plana and H, contortus gave the largest bite size with there being little
difference in bite size between the other grasses (Table 5.1). With the exception of T.
triandra, there -vas a fairly large variation in the size of bite harvested from all species
(Fig, 5.1). Biting rates were highest in H. contortus and lowest in E., plana.
Consequently, sheep achieved the highest rate (P<0.05) of DM intake from H, contortus
while there was little difference in intake rate between the other species (Table 5.1).
Overall, sheep displayed a great reluctance to graze E. plana and, in particular, refused
to graze the teller tufts of this species with longer leaves (Appendix 4.3 & 4.4),

With the exception of A. appendicuiatus, bite size in sheep was not correlated
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Table 5.1 Mean (xSE) bite size, hite rate and intake rate obtained by
sheep from different sourveld grasses. Within a column,
means with the same superscript are not significantly

different (P:0.05)

. Bite size Bite rate Intake rate
Species (&.DM) (bites/min)  (g.DM/min.)
A, appendiculatus 0.09220 42,9200 4010

{0.025) {6.05) (1.41)
C. dactylon 0.0850 51,4180 4,50
{0.026) (4.07) (1.15)
E. plana 0.1272 35.79° 4300
(0.020) (10.15) (1.45)
H. contortus 0.1208% 56,132 6.822
: (0.025) (2.63) (1.70)
H. hirta 0.1028P 45,630 4610
(0.022) (3.70) 0.630)
T. leucothriz 0.103%0 48,7830 4,950
(0.180) (8.22) {0.816)
T. triandra 0.1073D 50,142 5.278b
(0.009) {2.16) {0.614)

with plant height in any of the seven grass species studied (Table 5.2). Bite size, bite
rate and intake rate were positively correlated (P<0.01) with the proportion of green
leaf present in T. leucothrix and H. hirtz (Table 5.2). These appeared to be the only
specles where a sufficiently wide range of greenness values were encountered to have
any effect on these variables (Appendix 4.3). Similarly, bit . rate and intake rate were
negatively correlated (P<0.01) with stemtminess in H. hirta which was the only species
where the stems would have been of a density and consistency sufficient to interfere

with biting rate and, consequently, DM intake (Table 5.2).

5.4.2.2 Cattle

The mean bite size obtained by cattle from E, plana and T. leucothrix was significantly
(P<0.05) larger than that obtained from any of the other grass species studied {Fig. 5.2;
Table 5.3). Within the latter group of grasses there wes littie variation amongst species
with bite sizes ranging from 0.83 g for T. triandraup to 1.07 g for A. semialata. Mean
bite rate was lowest for E. plana (25.32 bites/min.) and highest for T. triandra (37.30

B
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Correlation coefficients for the relation between bite size, bite rate and

intake rate in sheep and different attribuies of plant structure in seven

Species Bite size Bite rate Intake rate
A.appendiculatus
Plant height 0.257% 0.170 0.184
Stemminess 0.082 0.07% 0.051
Greenness 0.016 0,282%% 0.114
C. dactylon
Plant height -0.070 -0.306%%* ~-(0.225%
Stemminess -0.083 -0.083 -0.119
Greenness 0.255%F -0.07 0.177
E. plana
Plant height 0.192 -0.133 0.093
Stemminess 0.215 -0.073 0.076
Grecnness 0.011 -0.08¢% 0.128
H, contortus
Plant height -0.115 -0.032 ~0,137
Stemminess 0.151 -0,196 0.042
Greenness -0.004 -0.095 -0.037
H, hirta
Plant height 0.196 -0.181% -0.048
Stemminess -0.08 -0.232%% «,289%%%
Greenness 0.288%k* 0.409%%* 0. 40C* k%
T. levcothriz
Plant height 0.267%* -0,243%% 0.111
Stemminess - - -
Greenness 0.262%¥ 0.320%8% 0.41 5%k
T. triandra
Plant height 0.042 -0,2509%* -0.101
Stemminess -0.161 -0.011 -0.168
Greenness -0.006 0.192 0.169
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bites/min.) with little difference in biting rate amongst the remaining species, The
mean rate of DM Intake was highest for E. p/ana and A. semialata (32 g DM/min.) but
lowest for H. hirta (24.30 g DM/min.) but for ¢he remaining species (Fig. 5.2) most

beiween-species differences were non-significant (Table 5.3)

Table 5.3 Mean (£SE} bite size, bite rate and intake rate obtained by cattle
grazing different sourveld grass species. Means in the same
column with the same superseript are not significantly different at

the 5 % level
Soeci Bite size Bite rate Intake rate
pecies (5.DM) {b/min.) (g DM /min)
A, semialata 1.07b¢ 3¢.39P 32.13%
(0.42) (6.21) (13.10)
A. appendiculatus 0.964¢ 20.87P 27.70%0
(9.44) (5.47) (12.25)
C. dactylon 0.949¢ 32.06° 31,5480
(0.42) (13.09) (21.72)
E. plana 1.302 25,32¢ 32,262
(0.60) (4.55) (14.62)
H. contortus 0.9249¢ 32.12P 28.9680
(0.34) (5.85) {11.25)
H. hirta 0.879¢ 28.559¢ 24,30P
(0.29) (5.25) (8.59)
T. triandra 0,839 37.302 29,972b
(0.28) (8.22) (9.39)
T. leucothrix 1 2580 25.33° 30,2580
{0.54) (17.14) (14.31)

There was a large degree of intra-species variation in estimates of bite size, bite
rate and intake rate in all grasses (Fig. 5.2), This resulted from the wide variation in
plant structure measured within each species (Appendix 4.4). On an individual species
basis, a marked reluctance to graze E, plana was noted and on a number of occasions
the animal in question refused to graze this grass. When E., plana was grazed, plants
were frequently dislodged from pots because of the force requited to break their tough
leaves. On these occasions data were discarded (Appendix 4.4).

The size of bite harvested by cattle generally increased with increasing plant

height for all species {Fig. 5.3). Similarly, the rate of DM intake increased in
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Figure 5.4

The relation between the rate of dry matter intake in cattle and plant height in
eight sourveld grasses. Points marked with (1) were considered outliers and not
used to caleualate the regression line.
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_ Table 5.4 Correlation coefficients for the relation between biie size, bite rate
and intake rate in cattle and dif{erent attributes of plant structure
in eight sourveld grasses
Species Rite size Bite rate Iutake rate :
[ A. semialata
Plant height 0.754%%% 0.315 0.85 4%k _i
Stemminess - - - _i
Greenness 0.096 -0.149 n.0o2 If
A, appendiculatus _ ) '
Plant height 0.767%4+ -0.171 0.689%%* .
Stemminess 0.497%k% -0.148 0.405%* :
Greenness ~0.55584k 0.213 -0.428%* : )
C. dactylon ' 'E
Plant height 0.628%+* 0.094 0.399*% !
Stemminess -0.200 0,327 0.093 :
Greenness 0.606%%* 0.055 0.370% v
E. plana iy k
_ Plant height 0.507% -0.053 0.512% {‘
| 9 Stemminess 0.691%# 0.069 (.7254%k . 1
Greenness 0.431 0.153 0.500% S :
H. contortus } i
Plant height 0.266 0. 3 0.243 S
Stemminess. 0.474%* €.093 0.530%+* : {
Greenness 0.108 0.361% 0.218 1
E. hirta i
Plant height 0.63 1 %4k -0.394% 0.463%% ?'* !
Stemminess 0.363% -0.19% 0.271 : v f i
Greenness -0.104 0.110 -0.106 " ]'
T. triondra : :
. Plant height 0.428% 0.170 0.522%% . l
i Stemminess 0.422% -0.144 0.328 .
_ ' Greenness ~0.412% 0.171 -0.289 :
G ! T. leucothrix :
i Plant height 0.027%% -0.667%%% 0.264 v
J Stemminess -0.214 -0.134 -0.256
' i Greeuness -0.380* 0.284 -0.308
ol
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Table 5.5 Linzar models describing the relation between plant height and the size of bite and
rate of intake achieved by cattle grazing eight sourveld grass species
S; zcies Regression 2

Bite size

y = 0.0123 + 0.0464x
y = -0.283 + 0.0547x
y = 0.168 + 0.0526x
y = 0,561 + 0.,0205x
y = 0.0386 + 0.0608x
y = -0.0394 + 0.0454x
y = 0.276 + 0.0262x
y= 0,135 +0.0559

A, semialata = 0.57; F = 15,02; #*

= 0.61; F = 65.65; %+

= 0.30; ¥ = 18.92; %+
= 0,25 F = 554;* >
= 0.07; F = 3.22 S
2= 0.40; F = 26,13; %
2= 0.18; F = 7.41; *
t2a 0.27; F = 12.37; %*

A. appendiculatus
C. dectylon

E. plana

H. contortus

H. hirta

T. triandra

T. levcothrix

Intake rate
A. somialata y=-5.84 + 1.68x r2= (.73; F = 30,52; &%
A. appendiculatus =-2.32 + 1.33x %= (0.47; F = 37.18; *%%

C. dactylon
E. plana

H. contortus
H. hirta

T. triandra
T. levcothrix

y = 0.597 + 1,73x
y = 14,31 + 0.50ix
y= 2,57 + 1.83x
y = 6.24 +0.905x
y= 7.56 +1.070x
y = 18.95 <+ 0.575x

r*= 0.40; F = 17.36; ¥¥*
rP= 0.26; F = 5.68; %
=005 F = 2.65

r?= 0,19 F = 9.17; ¥+
r?= 0.27; F = 12.36; %%
r’= 0.0%; F = 2,42

conjunction with increasing plant height in seven of the eight species studied. For

exemple, in C, dactylon, intake rate increased from about 10 to nearly 40 ¢ DM/min.
as plant height increased from 7 to 25 ¢m (Fig. 5.4). With the exception of H. contortus
and T. leucothrix, plant height accounted for a significant proportion of the variability
in the data for both bite size and intake rate (Table 5.5). Surprisingly, with the
exception of T. leucothrix (P<0.0001) and H. hirta (Ps0.05), bite rate did not decline
with increasing plant height and, in most cases, there was no consistent relation
between these variables (Table 5.4),

Bite size was negatively correla.ed (Ps0.05) with greenness in A. appendiculatus,
T. triandra and T. lencotbrix (Table 5.4) but this probably reflects the fact that the
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The relation between cattle bite size and plant height in eight sourveld grasses.
Points marked with (1) were considered outliers and not used to calculate the
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shortest plants were also generally the greenest. Bite size was also positively
correlated with stemminess in different spacies (Table 5.4), apparently, for different
reasons. Inthe case of A. appenviculatus, H, contorius and T. triandra this relation can
be dismissed as spurious because of the low levels of stemminess actually recorded in
these grasses (Appendix 4.4). Similarly, in the case of E. plana, the relstion is also
likely to %e coincidental because the stemmlest plants also happened to be very tall
which weuld have allowed the animals to harvest a very large bite (pers. obs.).
However, with FI, hirta, very large bites were harvested on stemmy tufts, because the
animal in question simply prehended the whole plant and made no attempt to select the
available leaf. This is identical to what cattle have frequently been observed to do in
the field (pers. obs.).

5.5 " Discussion

The results of the present study showed that for cattle, there was surprisingly little
difference in the potential rate of DM ingestion between the eight sou veld grasses
investigated. Similarly, with the exception of H. contortus which gave a significantly
higher (P<0.05) rate of DM intake than any of the other grasses, differences between
species for sheep were also small and non-significant. These results suggest that both
cattle and sheep can expect to achieve fairly similar rates of intake from all of the
species considered.

Intake ratz is the product of bite size and bite rate with the latter variables
generally being inversely correlated (Hodgson 1981). This was evident in the present
study where species with large bites tended to have iow biting rates and vice versa,
resulting in fairly similar rates of intake for most species {Figs 5.1 & 5.2). Thus,
although cattle and sheep achieved above-average bite sizes from E. plana, intake rates
were relatively low due to the difficulty experienced in severing and masticating its
tough leaves. An obvious exception to the above was H. contortus which, due to its
large and rapidly prehended bites, allowed sheep to achieve intake rates substantis .
higher than those measured on any of the other species {Fig. 5.1).

The present study therefore succeeded in its primary objective of determining
the potential ingestion rates of different sourveld grasses. However, these estimates

should be used with caution as first, they are .nean values characterised by large
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standard errors resulting from the wide range of plant structures encountered In grazing
each species. Second, if it is accepted that plant structure affects intake rate, then
current estimates may be biased simply because the distribution of tuft structures used
in assessing each grass was unlikely to have been identical. Little biological significance
should therefore be attached to ahsolute or between-species differences in intake rate,
even when such differences are ‘statistically significant.

The present study was only partially successful, however, in its secondary
objective of quantifying the relation between ingestion rate and plant stricture for
individual grasses. While a direct relation between plant height and ingestion rete
existed in cattle, no consistent relation could be detected with sheep. In cattle, bite
size and intake rate increased with increasing leaf height in most grasses, presumably
because animals were able to prehend a bigger volume of herbage through an increase
in hite depth and bite area {Black & Kenney 1984; Murson et al, 1989; Laca et al, 1992).
In contrast, plant height had little apparent effect on bite size and intake rate in sheep
(Table 5.2). Bite size generally shows an asymptotic relation with plant height (section
3.4) so presumably the height of most of the tufts grazed by sheep exceeded the height
at which bite size became restricted by this variable. this suggests that some other
factor, not measured in this study, such as leaf or tiller density, was responsible for the
observed variability in sheep bite sizes and intake rates.

Stemminess also affected ingestion rates but only in H, hirta where the culms
produced were of a sufficient density and consistency to affect this variable. However,
the resultant effect was markedly different between cattle and sheep. Sheep continued
to select green leaf on stemmy 1. hirta tufts, but their rate of DM intake declined due
to the apparent physical restriction of stems on biting rates. Conversely, bite sizes and
hence intake rates in cattle tended to increase with stemminess as they made no
attempt to be selective, but harvested large masses of leaf and stem in single
mouthfuls,

The present estimates of potential ingestion rates are comparable with published
data, at least for sheep. For example, mean intake rates reported here (4.0-6.5
g.DM/min.) fall within the ranges recorded by Allden & Whittaker {1970), and Penning
& Hooper (1985), of 1.0-7.1 g.DM/min. and 2.2-6.4 g.DM/min., respectively, for sheep

on rye~grass pastures. Present results also agree with earlier, field estimates of inteke
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rate. For example, th~ mean intake rate recorded for H. hirta (4.3 g.DM/min.) lies
within the range {1.7 - 6 g.0M/min.) recorded at old lands where sheep would also have
been grazing this species (section 3.4). Sheep biting rates for this and other species
(mean: 45 bites/min.) were, however, markedly lower than those recorded for animals
in the field (range: 50-75 bites/min.}.

Present estimates of bite size and intake rate in cattle are higher than published
data for animals at pasture, e.g. Greenwood & Demment (1988) but are comparable with
those of Murson et al, {1889} whete a range of bite sizes of 0.37-0.57 g was obtained
with steers grazing intact turves of rye-grass. Present estimates of ingestion rates in
cattle are, however, considerably higher than previous measurements made in the field
using fistulated animals (section 3.4)., For example, the mean intake rats obtained for
H. hirta (28.96 g.DM/min.) is considerably higher than the range {10 - 22 g.DM/min.)
recorded over a number of sward structures at old lands camp. This discrepancy
probably reflects the incompletz recovery of fistula samples and the consequent
underestimation of intake rates (Stobbs 1873a). As noted with sheep, biting rates (mean:
30.11 bites/min.) were considerably lower than those recorded for cattle under field
conditions (range: 35-70 bites/min.}).

Despite the general consensus between pot and field ¢~timates of ingestion rates
for sheep, it is suggested that the present results overestimate potential ingestion rates
of both animais for the following reasons. First, present estimates do not include the
time taken to search, locate and move between tufts or feeding stations, all of which
increase handling time &nd therefore d=crease the average rate of ingestion of a
particular species. The lengths of these handling time components are extremely
variable and depend upon the initial density of the species, the rate at which it is being
consumed and the extent to which that Spe;cies kas been defoliated. Second, fasted
animals are likely to ingest food faster than non-fasted animals under field conditions.
For example, fasted cattle (Greenwood & Dernment 1988) and sheep (Newman et al.
1994) are recorded as havirg a 62 % and 57 % greater rate of DM intake, respectively,
than their non-fasted counterparts. Third, the present study did not take into account
the cost of discriminating between intermingled species of different acceptability which
is also likely to reduce ingestion rates, particularly in cattle.

Despite these limitations, the methodology employed in the present. trial was
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basically successful. Realistic estimates were obtained for a number of different grass
species while the Iogistical and methodological problems associated with trying to
measure ingestion rates in the: field from a number of different species were largely
avoided. Although the present method may be criticised as being artificial, it is
suggested that realistic estimates of ingestion rate will be achieved provided the
following guidelines are adhered to. First, plants used should be of a similar structure
to those growing in sity and should therefore be kept uader comparable conditions to
those in the field. Second, experimental animals should be tractable and famillar with
the species in question, Third, plants should not be defoliated to a greater degree than
would normally occur under field conditions. Provided these canditions are met, the
method shows potential as a research tool, particularly for measurements of foraging
behaviour which are intractable in the field.

In conclusion, the following recommendations on the use of the present data for
modelling animal production or dietary selection are made. For sheep, it is
recommended that mean Ingestion rates for species be used in conjunction with the
relevant standard errors to set upper and lower limits for rates of intake. For cattle,
linear intake rate-piant height regressions should be used to predict ingestion rates for
each species on the basis of its leaf height. In both animals, emphasis should be placed
on the range of potential intakes available from a particular species .ather than the

absohie values.

5.6 Conclusions

5.8.1 For cattle, there was little difference between sourveld species in
potential bite size and intake ratc. Sim:larly, with the exception of H. contortus which
had the highest potential rate of intake, there was little difference between species in

bite size and intake rate for sheep.

5.6.2 In ail grasses there wag a large degree of within-species variation in bite
size and intake rate. However, present estimates appeared realistic and, particularly

for shecp, were within the range of values obtained under field conditions.
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5.6.3 Bite size and intake rate in cattle increased linearly with increasing plant
height in most species. However, plant height appeared to have no consistent effect on

sheep bite sizes or intake rates.

5.6.4 The present methodology appeared to provile acceptable estimates of the
potential bite sizes and intake rates obtainable from different sourveld grasses.
However, these estimates need to be adjusted for search time and the level of satiation

of the grazing animal.
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CHAPTER 6

RUMINAL DEGRADATION RATES OF COMMON SOURVELD GRASSES

6.3 Objective

The ~pecific objectives of this experiment were to;

{i) determine the rate and extent of DM and neutral detergent fibre (NDF)
degradation in the rumen ~f certain sourveld grasses;
{ii)  determine the effects of season on the rate and extent of degradation of these

COMPONENts.

6.2 Introduction

The sour grasslands of S. ith Africa, termed *sourveld', primarily comprise tropical C4
grasses which vary widely in nutritive guality and accer ability to the grazing animal
(Gibbs Russell et al. 1990). By definition, grasses in sourveld exhibit a marked seasonal
decline in quality and are generally unpalatable and of low nutritive value in the
dormani season (Tainton 1981). In these grasslands, voluntary feed intake and to a
lesser extent, nutritive value, are probably the major determinants of animal
production. Provided herbage availability is not restricted, voluntary intake of these
forages will largely depend upon the rate of DM disappearance in the rumen (Poppi et
al, 1980a). This in turn will be dependent upon the relative proportions of cell solubles,
potentiaily digestible cell wall and indigestible cell wall in the forage, and the rates of
digestion and passage of these different components (Mertens & Ely 1982). Prediction
of animal production on these muiti-species swards therefore depends nn accurate
estimates of the nutritive value and, more importantly, the degradation characteristics
of the constituent grass species.

Ruminal degradation rates are also likely to be relevant in models of dietary
selection and foraging behaviour. Optimal foraging theory assumes that the utility of
a food Is determined by the ratio of energy content to handling costs (Emlen 1966),
traditionally defined as the time and energy required to prehend and ingest a particular

food. However, for ruminants, where intake is restricted by rumen capacity aand outflow
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rates (Roux & Meissner 1984), hr ndling costs should also include the retention time of
the fbrage in the rumen {Spalinger et al. 1988). While not a direct energetic cost to the
animal, retention time nevertheless incurs an opportunity cost through a dapression in
forage intake. Consequently, the degradation characteristics of a species skould be an
important determinant of its acceptability to the animal, in conjunction with its
potential rate of ingestion and nutritive vaiue (Owen-Smith & Novellie 1982).

The nutritional quality of native grasses in South Africa have previously been
irvestigated and published data are available on the in vitro and/or crude protein, crude
fibre and ash content of a number of species, e.g. {Theron 1966; van Schalkwyk et al.
1968; Opperman et al. 1u74; O'Reagain 1993). In particular, Oellerman (1965)
documented the celluiose and protein digestibilities of Themeda triandra and the effect
of season on these variables. However, there appears to be no published data on the
rates of digestion of different species or their forage fractions in the rumen, which

seriously restricts the utility of the available data for modelling,

6.3 Procedure

6.3.1 Study site

All samples were collected at the Dohne Agricultural Development Institute. A full
description of the study site is given in section 2.3.1.

6.3.2 Sample collection and preparation

Eleven grass species common to the Dohne Sourveld were collected for analysis. These
were Alloteropsis semialata (R, Br) Hitchc. subsp. eckioniana (Nees) Gibbs Russell,
Andropogon appendiculatus Nees, Cynodon dactylon (L.) pers., Elipnurus muticus
{Spreng.) T .unth, Eragrostis plana Nees, Harpochloa falx (L.f.) Kuntze, Hyparrhania hirta
(L.) Stapf, Microchloa caffra Nees, Themeda triandra Forsk and Tristachya leucothrix
Nees. Species nomenclature follows Gibbs Russel et 2l (1990). Species were selected
on the basis of a subjective assessment of their potential importance for animal
production based on their general abundance, palatability and ability to produce
herbage. All are perennial species and, with the exception of Cynodon dactylon, which
is stoloniferous, all are tussock grasses. All samples were collected on sites which had

been burnt the previous winter. Hyparrhenia hirta and H. contortus semples were
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collected from a secondary grassiand community on & previously {»10 years) cultivated
site. Cynodon dactylon sampies were collectea from sites of localised nutrient
deposition, e.g. arcund gates, within undisturbed grassland. All other species were
collected from undisturbed rangeland typical of the Dohne Sourveid.

Leaf samples froip all species were collected in spring iOctober), summer
{January-March}, autumn {(May) and winter (August), With the exception of E. plana and
C. dactylon, all samples were hand-plucked in an attempt to simulate selection by the
grazing animal. FEragrostis plana and C. Jactylon samples were clipped due to their
tough leaves and short stature, respectively. :’nmples were dried in a forced air oven at
65° C for 48 hours, milled {3 mm sieve) and stored in sealeqd plastic bags until incubated. o
In some s2asons, insufficient samples were coliected from certain species to permit fuil

analyses and these data are not presented.

6.3.3 Test animals and basal diet

Twa, three-year-old Bonsmara steers (average mass 400 kg) each fitted with a rumen
cannula {10 cm internal diameter) were used throughout. Animals were held together
in stalls and fed a basal diet of approximately 20 kg of Coastcross Il {C. dactylon x C.
nlemfluensis) hay at 08:00 each day. Animals also receiv- * =l amount of lucerne

hay {0.5-1 kg) on a daily basis. Water was freely avail.. - >+ all times,

6.3.4 Incubation procedure
The ratc of DM disappearance in the rumen was estimated using the nylon beg
technique. Bags measuring 7.5 x 10.5 cm (53 um pore size}, were double-scamed with

rounded corners and all stitch-lines sealed with commercially-avallable epoxy.

-; O Approximately § g of sample was placed in each bag which was then closed with a

| rubber castrating-ring. Bags were placed inside a small nylon mesh bag with ballast,

attached to a length of polypropylene twine and suspended in the rumen. Incubation v~

for 3, 9, 24, 32, 56 or 72 hours. Two grass species were generally incubated together.

O For each species, four bags were provided for each incubation period in each animal, i.e.

a total of 56 bags per species, per season. A single milled sample of the basal ration
was also included in each incubation period in each animal as a controi,

Bags removed from the rumen were gently washed to remove adhering material
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and then frozen. All bags from the same run were then defrosted, rinsed in a washing
machine for a set cycle of 10 minutes and dried in a forced air oven at 6»° C until
~onstant mass. Bags were then reweigh=d and contents removed for further analysis.
Residues were bulked across incubation period and snimal for each species. Neutrsl
detergent fibre (NDF)} analyses were conducted on r.ample residues using the methnd of

Goering and van Soest (1970).

6.3.5 Ctacistical analysis
Degradation data are frequently anslyzed using the model of Orskov & McDonald (1979),
i.e. p = a + bil-exp{-ct)] where p = disarpearance rate at time t, a = rapidly digesting
fraction, b = slowly digesting fraction, c = rate constant of fr .ctivn b 2nd ¢ = time of
incubation. However, the model seemed inappropriate for the present data as some
degradation curves, e.g. A. appendiculat:'; in winter, were almost linear and could not
be fitted to the model. The model of Orskov and McDonald (1979) has also been
criticised on the grounds that, while the constants are statistically valid, they are of
little biological significance (Pienaar et al. 1989). Accordingly, the soluble fraction (SF)
and potentially digestible fraction (PDF) of dry matter (DM} were simply assumed to be
those fractions digestible at 3 and 72 hours respectively. Neutral detergent schibles
{NDS) was caiculated as 1-NDF, potentially digestible cell wall (PDCW) as NDF (72 hour)~
NDS and indigestible cell wall (IDCW} as NDF-PDCW. Degradation rates of DM {k4} and
PDCW {k,) were calculated as 1/MRT where:

MRT = (1/N} Zl3n(c" +t)i
and N = total mass of crganic material (or NDF) that has disappeared, n = mass of
organic material {or NDF) that has disappeared between t~ and t, and X signifies the
sum of such quantities for siwcassive intervals until n becomes zero, i.e. 72 hours
{Graham & Williams, 1962, cited by Pienaar et al., 1989). The overall degradation rate
of DM (k) therefore includes the soluble fraction.

Differences between species and seasons in SF, PDF and k, were analyzed using
a t-test with the ANOVA procedure of SAS (SAS 1991). Bags were considered as
subsamples and animals as replicates. As sample residues were bulkew across animals
for NDF analyses, the NDS, PDCW, IDCW and k, data were not subjected to statistical

analysis due to the lack of replication.
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6.4 Results

B.a.1 Extent and rate of DM degradation in the rumen

The soluble fraction {SF), potentially digestible fraction (PDF) and degradation rate of
DM (k,) in the rumen of the different sourveld species are presented in vable 6.1.
There were marked differcnces in the SF of the different species in ali seasons, with
the range in values varying from 17-27 % in spring to 7-18 % in winter (Table 6.1),
Alloteropsis sernialata had a consistently high SF while E. plana and, to a lesser extent,
A. appendiculatus tended to have the lowest levels of this fraction, On average, the SF
of all species declined over the growing season but the largest decrease {(P<0.01)

occurred between autumn and winter {Table 6.2). There were also significant (P<0.05)
differences between species in PDF with a range in values varying from 57-81 % in
spring to 32-66 % in winter, With the exception of C. dactylon in winter, M. caffra had
the lowest PDF in all seasons. Season also had a major (Ps0.01) effect on PDF with this
fraction declining sharply from spring (mean: 77.30 %) through to winter {(mean: 55.83
%),

There were significant differences {P20.01) between species in the rates of DM
degradation (k) in the rumen (Table 6.1). Andropogon appendiculatus and E. plans, rs

well as H. falx and M, caffra in summer, had significantly (P<.05) lower k4 than mc.&
of the other species. Conversely, A. semialata and C. dactylon tended to have the
E fastest ky in most seasons. In winter, the mean rate of DM degradation of all species

(Table 6.2) was significantly {P<0.05) slower (mean:0.039 % h™!) than in all other seasons
(mean:0.048 % h'I).

Aside from its effects on the rate and extent of digestion, season alsc had a

marked effeci on the actual shape of the degradation curve of DM in the rumen (Figure
& 6.1). In spring and summer degradation curves tended to be non-linear with initial rates

of degradation tending to be high but then levelling off with time. Conversely,

degradation curves in avtumn, but particularly in winter, tended towards linearity

indicating an almost constant rate of degradation with time in the rumen.
"o
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Table 6.1 The soluble fraction (SF), potentiaily digestible fraction (PDF) and fractional
degradation rate (k) of different sourveld grasses in spring, summer, autumn and
winter. Valuesin tﬂe same column with the same superseript are not significantly
different at the 5 % level

e e T T Ly T e o e e o Py et d e
Species SPR./NG SUMMER
SF PDF ky SF PDF kg
%DM Y, %DM _1/h_
A. semialata 22,9506 79.2gbc g g50d 250128 7558 0.0649
A. appendicnlatus  19,35996  7g27abc g4 18.18P¢ 72570 0,046P
C. dactyloa 23.3180¢ gy 308 g g54ecd
E. muticus 27538 79.4880¢  g,057¢d
E. plana 19.59bde g1 ggab g 94330 10.88  g9.99®  0.0382
H. contortus 22.0430¢d  7gg4ab0 g g5400d
H. falx 24,6070 7494 0.063° i7.07¢  63.08% 00470
H. hirta 512806 ga7g®  g,0538¢d ,
M, caffra 17.029 57.60%  0.0490C 17.07° 57519  0.0442P o
T. triandra 18,024¢ 76.86°¢  0.050¢d 20352  76.042  0.0500¢
T. leucothrix 20.43%9¢  77,069° 0,050 2626 759028  0.060%d C
AUTUMN WINTFR - §
A, semialata 24,138 65.3599¢  0,05419 18.162  58.38°4  0.048° ‘_
A, appendiculatus  13,33° 61.019¢ 00372 113250 58,0204  ¢,0333 &
C. dactylen 182199 55308 o.061P 707 3295  o.0479 4
E. muticus 20,530 62.06%¢  0.045° 1496° 54232 0,04209 g
E. plana 11.908 572180 0,0410 9.32¢% 61987  0.033% B
H. contortus 20.71P 63.720¢  0,048°0 b
H. falx 10879 551298 037 -
H. hirta 22,648 68,824 (0,053 979%d 59,1306 g 040bC
M. caffra 17,994 44.96¢  0.050M9
T. triandra_ 19.91b¢ 66,7980  0.p470d 13.22%¢ 66,538 0.0420d
T, leucothrix 20.31b 61.2 4dc 0.050d9 11_chd 56.2_.;3‘19 0.041h°
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Table 6.2 Mean soluble fraction (SF), potentially digestible fraction {PDF)
and fractional degradation rate (ky) of sourveld grasses in spring,
summer, autumn and winter, Means in the same column with the
safre superseript are not significantly different at the 5 % level
SEASON SE PDF ky
% DM, Y
Spring 21.652 77.308 0.05%
Summer 19.3030 70.159 0.0482
Autumn “a8.060 60.72° 0.0483
Winter 1, 4" 55.83° 9.039P
6.42 Extenc ans .- zgradation in the rumen
The percentage of neutr=" ‘isa. . cibles (NDS), potentially digestible cell wall

(PDCW) and indigestible cel wali i}, and the degradation rates of the potentiaily
digestible cell wall (kc} of the differant sgecios are presented in Table 6.3. There were
marked dif =rences in NDS content betwecn species with E. plana, A. appendiculatus
and C. dactylon tending to have the lowest levels of NDS. Conversely, T, triandra, E.
muticus and, to a lesser extent, A. semialata, tended to have the highest levels of this
varichle. Season appeared to have no effect on NDS content. There were large
differences in PDCW between species in all seasons with the range in values varying by
between 10 to 20 %. The content of PDCW for all species showed a msrked decline
from spring . o winter (Table 6.3).

With the exception of spring, there were also markert differences between species
in IDCW. Generally, C. dactylon, E. plana and M. caffra had the highest content of
IDCW while levels were least in T. friandra, H. hirta and A. semialata. Season had a
major effect on IDCW with levels in winter (2.2an:30.46 %) being almost double those
of spring (mean:14.17 %}, Degradation rates of PDCW also varied between species and
were generally lowest in E, plana, A. appendiculatus and M, caffra. In terms of the
effect of season rates of PDCW digestion were similar in spring and summer, lower in

autumn and lowest in winter,
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Table 6.32 Neutral detergent solubles (NDS), potentially digestible cell wall (PDCW),
indigestible cell wall (IDCW! and PDCW degradation rate (k) of different
sourveld grasses in spring and summer

L e —_— -
SPRING
NDS PDCW IDCW ke
Species ' %DM i/
A. semialata 31.57 55.31 13.11 0.036
A. appendiculatus 21.60 63.25 15.15 0.033
C. dactylon 31.62 58.03 10.34 {.040
E. muticus 26.44 60.50 13.05 0.640
E. plana 26.36 62.84 16.79 0.033
H, contortus 26.61 61.63 11,75 0.042
H, falx 22,70 60.69 16.60 0.047
H. hirta 26.28 65.28 8.43 0.041
M. caffra 20.97 50.81 28.21 0.032
T, triandra 27.49 56.64 15.86 0.044
T. leucothrix 25.20 59.78 15.01 0.041
SUMMER
A. semialata 30.96 53.06 15.97 0.040
A. appendiculatus 24.34 57.19 18.46 0.040
. dactylon 21.76 48.85 20.38 0.040
E. muticus
E. plana 18.08 59.98 21.93 0.034
H. contortus
H. falx 23.36 51.59 25.04 0.033
H. hirta
M. caffra 23.68 48.34 27.97 0.031
T. triandra 26.58 59.57 13.84 0.040
T. leucothrix 27,40 57.67 14.92 0.041
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Table 6.3b  Neutral detergent solubles (NDS)}, potentially digestitle cell wall (PDCW),

indigestible cell wall (IDCW) and PDCW degradation rate (k) of different

sourveld grasses in autumn and winter

AUTUMN
NDS PDCW IDCW k.

Species %DM _Y/h_
A, semialata Z25.71 49.74 24.54 0.034
A. appendiculatus 23.40 51.33 25.27 0.029
C. dactylon 23.75 44.63 3i.62 0.044
E, muticus 27.47 46.69 25.84 0.030
E. plana 19,42 53.47 26.61 0,030
H. contortys 26.01 48.37 25.62 0.038
H. falx
H. kirta 25.99 53.56 20.45 0.036
M. caffra 23.33 43.93 32.74 0.027
T. triandra 26.91 51.45 21.64 0.030
T. leucothrix 24.44 49.04 26.52 0.030

WINTER
A. semialata 28.14 43.23 28.62 0.032
A. appendiculatus 20.83 48.72 20.44 0.027
C. dactylon 20.11 29.09 5u.79 0.034
E. muticus 20.62 36.00 31.37 0.029
E, plana 22.17 52,27 25.55 0.027
H. contortus
H. falx 20.85 48.53 30.61 0.029
H. hirta 27.77 45.80 26.42 0.029
M. cafrra
T. triandra 20.64 49,47 20.88 0.027
T. leucothrix 24.18 44.79 31.02 0.033
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6.5 Discussion

The present data indicate considerable variation between the different sourveld grass
species in their extent and rate of degradation achieved in the rumen. Oversll, E.
plana, M. caffra and A. appendiculatus had the poorest degradation characteristics in
terms of the proportions of soluble and potentially digestible fractions and the rates of
degradation of these components, while those of T, triardra, H. hirta and A. semialata
tended to be the most favoursble. Cynodon dactylon, E. muticus, H. falx, H. contor=.s
and T. leucothrix tended to have degradation characteristics somewhat intermediate
between these two groups but there were marked seasonal effects on the relative
ranking of ail species,

These differences in the rate and extent of degradation in the rumen appear to
be partly associated with differences in leaf tensile strength between grass species, As
an example, E. plana and M. caffra have tensile strengths of 9247 and 7887 (dynes m™ l
respectively, compared to 991 and 2819 for T. triandra and H. hirta {O'Reagain 1989;
O'Reagain 1993). Leaf tensile strength is largely determined by the concentration of
cellulose and the amount of sclerenchyma tissue in the leaf (Evans 1964; Wilson 1965)
both of which reduce digestibility (Wilson et al. 1989a). Intake and degradation rates
of low-strength leaves may also be greater than high-strength leaves, even though
digestibilities are similar {(Inoue et ail, 1989).

Generally, the degradation characteristics of a species were also a good
indication of its overall acceptability. For example, T. triandra and H. hirta are readily
grazed by sheep and cattle while E, plana and M. caffra are generally aveided by both
animals {Stoltsz & Danckwerts 1990; O'Reagain 1993). A noticeable exception to this
trend is E. muticus which, despite its favourable degradation characteristics, is seldom
grazed by either cattle or sheep (Stoltsz & Danckwerts 1990) possibly because of the
presence of aromatic oils in this species.

However, the case of A. appendiculatus is more perplexing. Despite being highly
acceptable (Chapter 4) and having relatively low-strength leaves (2971 dynes m'l,
O'Reagain 1989), the extent and rate of degradation of this species was unexpectedly
low, being only marginally better than that of E, plana. This anomaly may be due to the
presence of tannin-like substances observed in A. appendicuiatus as well as in other

sourveld grasses {Ellis 1990} which could interfere with microbial degradation of fibre
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in the rumen,

However, a more likely explanation for the similarity in degradation
characteristics between these species was that the rate and extent of digestion of E.
Pplana was possibly overestimated in the presenrt study, through milling. Grinding sampies
to 2 constant size may mask the effects of morphological traits on degradation {Lentz
& Buxton 1992) by removing anatomical barriers to digestion. For example, milled (1
mim) rye-grass and Phalaris tuberosa have similar digestibilities in vitro, but, when cut
into 10 mm sections, rye-grass is 60 % more digestible than the latter species (Grabber
& Allanson 1992). Fine grinding may also artificially inflate estimates of PDCW and
digestion rates (Lentz & Buxton 1992). As mastication is the major mechanism of
particie breakdawn (Pond et al, 1984; Wilson et al. 1989b) it is suggested that, in
practice, the tough leaves of species like E. plana and M. ceffra are masticated into
relatively larger fragments than other species, resulting in significently lower rates of
degradation than those estimated /n sacco.

Overall, estimates of the forage fractious of sourveld grasses are in gensral
agreement with those reported for other tropical, C4 species. Minson {1984} reported
NDS and NDF values of approximately 20 and 69 % respectively for five African
Digitaria species, which is within the range of present results obtained in spring and
summer (Table 6.3a). Similarly, potential digestibilities, i.e. 72-hour, measured here are
close to those estimated in vitro for D. milanfiana (Masacka et al. 1991) and Cenchrus
cilliaris (Wilson et al. 1989a). However, Poppi et al. 1980b reported cell wall degradation
rates for Chioris gayana and Digitaria decumbens (0.0208 - 0.0219) which were
appreciably lower than those recorded here,

Given tle paucity of information available on local rangeland grasses, individual
species comparisons are difficult. The only known published work is that of Opperman
et al, (1974); these authors (Opperman et al loc, cit.) reported spring in vitro (48 hour)
digestibilities of E. mutfcus of 62 % which are similar to those recorded for the 48 hour
incubation period (59 %) in this study (Appendix 5.1).

When compared to published data on temperate C3 species, the present results
emphasize the general poor degradability characteristics of C4 grasses in general and
sourveld species in particular. Even in spring when sourveld grasses are most digestible,

cei! wall degradation rates {k,) measured in this study were usually less than half those
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for C3 species {e.g. Hoffman et al. 1993). For example, Lentz & Buxton {1992) reported
k, values for Dactylis glomerata of 0.7 to 0.9 compared to recorded values of 0.3 to 0.4
in the present study, In contrast to the present data, k, values in C3 grasses were also
markedly higher in spring than in the late season (Hoffman et al. 1993}, Dggradation
rates of C3 grasses only appear to decline to those of C4 species when the former are
in fgll bloom, e.g. Lentz & Buxton {1992},

These differences refiect the basic dichotomy in leaf anatomy between C3 and
C4 species. In C3 grasses, loosely-packed mesophyll cells and widely-spaced vascular
bundles {Akin 1989) allow rapid microbial degradation of the leaf substrate, while in C4
species, the typical Kranz anatomy reduces microbial access to interior mesophyll cells
{Akin 1989). Interestingly, Alloteropsis semialata may possess either the C3 (subsp.
ecklonfana) or C4 (subsp. semialata) type leaf anatomy (Ellis 1977). Although A.
semialata from the study area has been described as having the C3-type anatomy, it
does not appear to have degradation characteristics markedly different from the other
species, all described as having the typical C4-type leaf anatomy (Ellis 1977). However,
A. semialata did have significantly higher levels of cell solubles (but not NDS) in winter
than other species, a possible reflection of its relatively slower rate of senescence in
the dormant season {pers. obs.).

As reported, there were marked seasonal effects on degradation characteristics
of all species with the potentially digestible fraction (SF, PDF, PDCW) declining, the
Indigestible fraction (IDCW) increasing and the degradation rate of DM decreasing from
spring through to winter, These trends largely reflect seascnal changes in plant
phenology and physiology with the approzch of the dormant season. The sharp drop in
the SF of leaves In winter is a consequence of the mass translocation of soluble
components to roots and crowns in the late season (Clark 1977) and the subsequent leaf
senescence in winter which occurs with the onset of low temperatures (pers. obs.).

The decline in PDF and PDCW in autumn and winter results directly from the
lignification of leaf tissue with increasing maturity, e.g. Hoover {1986). In accordance
with this, Oellerman (1965) reported that, although the cellulose content of T. trisndra
did not increase, the digestibility of this component decreased as plants matured,
Lignin bonds to plant fibre reducing accessibility to micro-organisms {Norton 1981) and

is the major determinant of the extent of herbage digestion in the rumen {Smith et al.

~ g N = v-*m,,_._- e — — —r




LY

108

1970). In T. triandra, lignification initially occurs in the vascular bundles but thereafter
spreads ovtward o surrounding tissue as .eaves mature (Viljoen & Roberis 1968). Leaf
sillcification also increases markedly with maturity in T. triandra and other sourveld
grasses (Theron 1986) and may further depress herbage digescibility (van Soest & Jones
1968),

The decline in degradation rates of the PDF of forages probably reflects the
decrease in the SF of these species in winter. Although there appeared to be no major
decline in the degradation rate of PDCW, the potential extent of degradation was
markedly lower in the late season.

Present results clearly indicate that species composition has the potential to
have a major impact on herbage intake, and thus animal production, in sourveld. For
example, based on the present data and using the formula of Roux & Meissner {1984},
a 50 kg sheep on winter sourveld should achieve a 12 % greater feed intake on T,
triandra than on E. plana. When herbage digestibility is taken into account, this
transiates inio a 22 % greater intake of digestible energy on the former species.
However, the potential effects of season far cutweigh any between-species differences,
As an example, the potential intake of digestible energy for 7. triandra in spring for a
50 kg sheep is more than 61 % greater than from the same species in winter, These
1ssues and the potential animal production available from different species are explored
in more detail in the following section {Chapter 7).

In conclusion, the nylon hag technique appears to be an effective method of
determining the degradation characteristics of different forages in the rumen. As
indicated by the generally low standard errors of digestibility estimates, the method is
precise and, on the basis of the work of Pienaar et al, (1989;, appears to yield results
comparable to the more labour-intensive in vivo method. However, use of the present
data for predictive purposes must take into account two potential problems associated
with the method. Firstly, particle sizes of masticated forages may be substantially
larger than ground samples, possibly lowering the rate and extent of degradation
achieved in vivo. Secondly, the basal diet in the rumen directly affects the digestion
rate of a particular forage {L.emerle 1983), Thus the rate nf degradation of a forage In
the grazing animal may be substantially different to that measwed in sacco on a

different basal ration.
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6.6 Conclusions

6.6.1 There were marked differences in the soluble, potentially digestible and
indigestible forage fracttons present in the different sourveld grasses and in the rate of
degradation of these species in the rumen. Overall, T. triandra, H. hiria and A.
semialata had the most favourable degradation characteristics of the spacies considered.
Conversely, E. plana, A. appendiculatus and M. caffra appeared to have the least

favourable characteristics for degradation in the rumen.

6.6.2 Season had a major effect on the proportions of the different forage
fractions present in the different spec’ss and in their rate of degradation in the rumen.
Generally, the indigestible fraction increased while the size of the digestible fraction
declined and the rate of degradation of digestible cell wail and DM decreased froin
spring through to winter.

6.6.3 The degradation rates and forage fractions of the present species sre
comparable to published values for other C4 pasture grasses but, as expected, are

markedly poorer than those documented for the temperate, C3 species,
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CHAPTER 7

MODELLING ANIMAL FRODUCTION ON SOURVELD

7.1 Clijective

The objective of this chapter woas to develop a series of simulation models based on the
characteristics of (i} individual grass species and {ii) the sward as a whole, to determine the
infivence of such factors as sward structure, species composition and season on potential

animal production on sourveld.

7.2 Introduction
In previous chepters data were presented describing the dietary quality (Chapter 2), intake
{Chapter 3) and the sequence of species selection (Chapter 4) on swards of different structure
and species composition on sourveld, as well as the potential digestion (Chapter 6) and ingestion
(Chapter 5) rates of different sourveld grasses. Unfortunately, few of these factors operate
indepandently and it is difficult to determine their relative importance in determining animal
production when considered in isoletion. The riajor objective of this chapter was therefore to
synthesise the data presented ir. eariier sections into a series of simulation models in order to
determine the potential influence of these faccors on predicted animal production on sourveld,
To achieve this objective, two basic models were developed. In the first model, termed
the Species model, an essentially reductionistic approach is adopted in that the properties of
individual grass species, in terms of their pc ential ingestion and digestion rates, are used tu
predict animal production on sourveld. The second model, termed the Sward model, is aimed
at a higher hierarchical level in the syster: and uses the dietary quality (Chapter 2) and intake
{Chapter 3) measured on sites of different species composition and sward structure to predict
animal production on these communities, Once these basic models were developed, they were

expanded or modified to answer specific questions which were of interest.

7.3 Species models

As described above these models use the -nutritive value, potential ingestion rate and

degradation characteristics of individual grass species to predict animal production. The

primary question addressed was:

(i) What is th+ potential animal production avsailable from different sourveld grass
species?

Once this question had been answered the basic model was extended to address the
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Table 7.1 Definition of symbols used in chapter 7

Lo - E S L

Symbol Paramets.: ! Unit
A animal age years
ADG animal daily gain g
d  mean inter-tuft distance m
Eg energetic cost of grazing MJ/kgW
EBG empty body gain kg
ER energy retsined MJ
EVL  energy conient of empty body gain MI/kg.EBG
GT grazing time min,
IVD in vitre digestibility %
IR intake rate gDM/min,
Hopt optimum sward height cm
km efficiency of energetic use for maintenance -
k, efficiency of energetic use for gain -
Mg:i intake of metabolisable energy MJ/day
ME . metabolisable energy requirements for maintenance MJ/day
MR‘P mean retention tirae h
PDF potentially digestible fraction %
SRW standard reference weight kg
T  model time step days
t, walking speed mfs
1 consumption time tufts/s
\ﬁ animal mass kg
vrl voluntary feed intake g/day
Z  mass of rumen contentis 4
tq retention time in the rumen h
e e e et T

following issues:

(i)  What is the effect of plant height on this potential production?
(ili) How does the species composition of a site affect animal production over the grazing

period when animais are forced to graze other, less palatable species?

7.3.1 Species model-1
7.3.1.1 Goal
To determine the potential animal production avsilable from different sourveld grass species

at different times in the grazing season,

7.3.1.2 Model description

The model was formulated on a Quattro (4.0) spreadsheet (Quattro 1992) and predicts potential
animal daily gain in mass (ADG) for cattle and sheep grazing eleven different sourveld specles
in spring, summer, autumn and winter, (See Table 7.1 for abbreviations.) In any given season
the model assumes that dieis consist entively of leaf from a single species. Although

simplistic, this assumption is based on the obs:rvation that stem generally forms a small part
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(<20 %) of diets selected on sourveld {Q'Reagai . 1989; O'Reagain unpubiished data).

A basic plan of the model is provided in Fig., 7.1. Current animal mas*, standard
reference weight (SRW) and age are used as starting parameters. Standard reference weight
is defined as the mass of an animal when skeletal development is complete and the empty body,
if.e. minus gut contents, contains 250 g fat/kg {SCA 1990). Sheep were assumed to be 40 kg
Dohne Merinc wethers of 1.5 years age and 77 kg SRW while cattle were assumed to be 300
kg Bonsmara steers of 2.5 years age with a SRW of 700 kg.

Potential DM intake of different specles (g.DM/day) was calculated as the product of
intake rute (IR) and grazing time (GT). For convenience, grazing time was assumed constant
at eight hu ars per day. Mean intake rates {g.DM/min.) for different species were obtained from
Chapter 5 and estimated for those species for which no measurements were available {Tahble
7.2}. Estimates were based on: measured values for other species, subjectively modified

according to the growth form of the species in question.

Table 7.2  Estimated intake rates (g.DM/min.) for
species not assessed in the present study

Species Cattlc Sheep

_  gDM/min,__

A, semialata -

E. muticus 28 4.5
H. falx 28
M. caffra 15 4

Voluntary feed intake (VFI), defined as the maximum potential daily intake of DM as restricted
by rumen processes, was used in the present study to quantify the upper constraint to the
intake of & forage set by digestion and passage rates. VFI was calculated according to Roux
and Meissner (1984) as:
VFI {g.DM/day) = 24 [Z (p t] + psto)l

where p; and p, are the potentially digestible (PDF) and indigestible fractions respectively, t;
and t; their mean retention times in the rumen and Z, the mass (OM} of rume.» contents.
Estimates of py, ps, t; and t5 were obtained from chapter 6 but where data were unavailable

for a species in a particular season, estimates were obtained from the season immediately

g T T s _J,_ H_ J— —- ____._____ . ‘}:‘S Mt Wamw—«m— «-...:-,-..—-,—.-...—..—_. .-




R e e e A

@]

- .

ANIMAL INPUTS VEBETATION INFUTS
Animat masm Spavise  Camp
Avimal type Semon  Yaar
Standeed ratorence weight Height  Semson
Regroductive state Sruciure
fiumen/Body mais

iniake rate
- h 4
Voluntary fasct o o e . Nutritive vaius
Intake - = MAT
- -
— -
) -
Maintenance — - Fotsnial
snargy - Intake rale
regquiremanis
{MER)
Rin!mum
Acttial
DM Intake
Intake of
Metaholissh!ir onergy
MEN
MEUMER
Arlmal daly gain
Figure 7.1 Flow diagram showing the structure of Species model-1. See text for details.
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preceding the one in question,

Rumen contents (organic mass) may, theoretically, vary from about 8 to 35 g/kg of body
weight depending upon dietary quality (Pienzar & Roux 1989} and environmental conditions
(Raker & Hobbs 1887; Holand 1992). Unfortunately, choice of the correct ratio is problematic
as there appears to be no objective means available for adjusting this ratio in relation to
dietary quality, Initiaily, a predictive equation derived from the data of Krysl et al. {1987),
was used but this resulted in unrealistic predictions of animal production, e.g. mass losses in
spring, and the equation was discarded. A range of ratlos from 15-30 g/kg was then used over
a series of runs with the model and the ratio which predicted animal mass gains closest to field
observations (Anon. 1994} was selected (Tables 7.3 & 7.4). For both cattle and sheep this was
found to a be ratio of 20g/kg of body mass over all seasons, which is in agreement with the
recommendation of Pienaar and Roux (1989) and the ratio used by Illius and Gordon (1991).
While sabjectlve, in the absence of any other quantitative relation this method appears to be
the only practiceble option available,

The fractional outflow rates of the indigestible fraction, i.e. 1!1:2, were not determined
but on the basis of data published by Pienaar et al. {1980} were assumed to be 0.0285 for spring
and summer, and 0.0238 and 0.0208 for autumn and winter respectively. The outflow rate of
the PDF was assumed to be 0.012 as recommended by Pienaar and Roux (1989) from Pienear
et al. (1980).

Actual DM intake was taken as the minimum of VFI and the otential DM inteke of each
species (Fig. 7.1}, Intake of digestible energy was calculated as the product of actual intake
and PDF, converted to megajoules of metabolisable energy (MEi). For present purposes the PDF
was considered to be a reasonable estimate of OM digestibility.

Metabolisable energy requirements for malntenance (ME_), in megajoules, were
calculated as:

ME, = K.S. (0.26 W7 exp - (0.03A)/km + 0.09ME; + Eg/km

where K = 1 for sheep and 1.4 for cattle, S = 1 for females and castrates, W = live weight, A
= age in years, km = net efficiency of use of ME_, ME; = total ME intake and Eg = energy
expended in grazing (SCA 1980), For km, fixed values of 0.70 {(sheep} and 0,72 (cattle) were
used as recommended by MAFF (1975, 1984) alihough it recognized that such values may
overestimate animal production on low quality roughage. An energetic expenditure of 38.6
kJ/kg W was assumed for Eg as recommended for animals under extensive grazing (SCA 1990).
Animals were assumed to be within the zone of thermoneutrality so energy expenditure for
thermoregulation was considered to be negligible.

Animal daily gain {(ADG) was calculated as:
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ADG = ER/AEVG * 0.92)
where ER = energy retained and EVG = energy content of empty weight gain (SCA 1990), and;
ER = kg * (ME; - ME;))
The efficiency of use of ME for gain (kg) was calculated as:
kg = 0.0683 M/D - 0.318
which is the recommended equation for lower quality tropical pastures {SCA 1990) where:
M/D = 0.16 OMD% - 1.8
and OMD = organic matter digestibility, for present purposes taken to be the PDF or in vitro
digestibility of the forage.
EVG = (6.7 + R) + (20.3 - R)/[1 + exp (-6 (P-0.4))]
where R = adjustment for rate of gain or ioss and is calculated as R = 2 [(NE,/NE)] - 1 and
NE = net energy for production (c) or maintenance {m) and:
P = current body mass/standard reference weight.

In cases where measured digestion rates were exceptionally low, 1.e. M. caffra (autumn
and winter) and C. dactylon (winter), kg was calculated as being negative. This interfered with
predictions of ADG, tending to inflate them above those obtained on better quality herbage.
As these results were clearly spurious, in these few cases estimates of kg were adjusted

upwards (kz = .1 to ,2) in order to circumvent this problem.

73.1.3 Sensitivity analysis
During model developmen: . it became clear that the two major inputs, in terms of their effect
on predicted ADG, were VFI and the potential rate of DM intake (IR). To test the relative
effects of these variables, a sensitivity analysis was conducted on the model. Accordingly, VFI
was varied by 100 % by adjusting the ratio of rumen contents/body mass from 15 to 30 g/kg
in b g intervals while IR was kept constant. Thereafter the IR was adjusted from 5 to 30
g.DM/min, and from 2 to 7 g.DM/min. for cattle and sheep respectively, while VFI was kept
constant (Table 7.3 & 7.4). For simplicity, the procedure was conducted for only a single
species, i.e. A. semialata, in spring, summer, autumn and winter. The relative effects of VII
and IR on ADG were computed as the ratio of the increase in ADG when VFI is adju. “ed
upwards/increase in ADG due to IR being adjusted upwards. A result greater than one
indicates that VFI has a relatively greater effect on ADG while a result less than one indicates
the reverse (Table 7.3 & 7.4).

A number of points were ciear from the sensitivity analysis. First, for both animals VFI
had a greater effect on predicted ADG than did IR, although the magnitude of this effect was

greater for sheep than for cattle. Second, the relative effect of VFI was noticeably more
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Table 7.3 The effect of varying (i) the ratio of rumen contents to body mass and (ii) the rate of DM
intake (IR), on the predicted anima! daily gain (ADG), voluntary feed intake (VFI) and
total potential intake (PI) of cattle at four times through the grazing season, The relative
change in ADG in adjusting these two variables by 100 % is given in the last column, i.e.

ADGy/ADG g
Rumen contenis/body mass
(g_’ kg)
15 20 25 30 RELATIVE
IR g/min  PI CHANGE
VFI1 ADG‘ VFI ADG VFI ADG VFI ADG

5 2400 5507 -260 7343 -260 9178 -260 11014 -2460
10 4800 5507 256 7343 256 2178 256 11014 256
15 7200 5507 408 7343 770 9178 770 11014 770 1.14
20 9600 5507 408 7343 800 9178 1190 11014 1279
25 12000 5507 408 7343 800 9178 1190 11014 1578
30 14400 5507 408 7343 800 2178 1190 11014 1578

5 2400 5481 -256 7309 -256 9136 -256 10963 -256
10 4800 5481 186 7309 186 0i36 186 10963 186
15 7200 5481 312 7309 626 D136 626 10963 626 1.13
20 0600 5481 312 7309 646 0136 979 10963 1064
25 12000 5481 312 7309 646 2136 979 10963 1311
30 14400 5481 312 7309 646 9136 979 10963 1311
AUTUMN
5 2400 4422 -221 5896 -221 7370 -221 8844 -221
10 4800 4422 5 5896 47 73710 47 8844 47
15 7200 4422 5 5896 169 7370 314 8844 314 i.11
20 0600 4422 5 5896 169 7370 333 8844 497
25 12000 4422 5 5896 169 7370 333 8844 497
3a 14400 4422 5 5896 169 7370 333 8844 497
WINTER
5 2400 3636 -175 4848 -175 6060 -175 72/3  -175
10 4800 3636 -88 4848 -6 6060 -6 7273 -6
15 7200 3636 -88 4848 -3 6060 81 7273  }61 1.47
20 9600 3636 -88 4848 -3 6069 81 7273 166
25 12000 3636 -88 4848 -3 6060 81 7273 166
30 14400 3636 -88 4848 -3 6060 81 7273 166

=

pronounced in winter when herbage quality was at its lowest than in spring and summer when
quality was higher. Again, this effect was more evident with sheep. Third, as would be
expected, the constraint of VFI on intake increased as the season progressed, so that the
relative importance of IR declined. Lastly, the measured rates of intske for A. semialata, and
in fact for all species (Chapter 6), far exceeded potential VFI, even when the largest ratio of
rumen contents to body mass was used and herbage quality was at its highest. As dietary
quality is the major determinant of VFI, dietary quality is, by implication, the major

determinant. of animal production on sourveld.

7.3.1.4 Model output
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Table 7.4  The effect of varying (i) the ratio of rumen contents to body mass and {ii) the
rate of DM intake (IR), on the predicted animal daily gain (ADG), voluntary feed
intake {VFI) and total potential intake (PI) of sheep at four times through the
grazing season. The relative change in ADG in adjusting these two variables by
100 % is given in the last column, {.e, ADGyp/ADGyp

Rumen conteants/body mass
(g/kg)
IR a/mi - 15 20 25 30 RELATIVE
min
£ VFI ADG VFI ADG VFI ADG VFl Ang  CHANGE
g
SPRING
t 2 960 734 10 979 58 1224 58 1469 58
- 3 1440 734 10 979 62  12:4 113 1469 159
4 1920 734 10 979 62 1224 113 1469 165 1.98
5 2400 734 10 979 62 1224 113 1469 165
6 2880 734 10 979 62 1224 113 1469 165 | |
7 3360 734 10 979 62 1224 113 1469 165 s
SUMMER : :
2 960 731 2 974 43 1218 43 1462 43
3 1440 731 2 974 46 1218 90 1462 130
4 1920 731 2 974 46 1218 90 1462 134 1.45
5 2400 731 2 974 46 1218 90 1462 134
b 6 2880 731 2 974 46 1218 90 1462 134
7 3360 731 2 974 46 1218 90 1462 134
AUTUMN
, 2 960 59¢ 26 786 -4 983 14 1179 14
3 1440 590 -26 786 -4 983 16 1179 38
4 1920 590 -26 786 -4 983 16 1179 38 2.69
5 2400 590 -26 78 -4 983 16 1179 38
6 2880 590 -26 786 -4 983 16 1179 38
7 3360 590 -26 786 -4 983 16 1179 38
WINTER
2 960 485 -30 646 =19 808 -8 970 2
3 1440 485 -30 646 -19 808 -8 970 2
4 1920 485 -30 646 -19 808 -8 970 2 59.10
5 2400 485 -30 646 -19 808 -8 970 2
6 2880 485 -30 646 -19 808 -8 970 2
7 3360 485 -30 646 -19 808 -8 970 2

: © There were major differences in predicted animal daily gain (ADG) between the different
sourveld grasses for both cattle and sheep (Figs. 7.2 & 7.3). In summer, for example, there was
{ a 932 g/day difference between the species with the highest (H. hirta) and lowest (M. caffra)
_ predicted ADG for cattle while differences of a similar relative magnitude were also evident

0 for sheep, Although the magnitude of between-species differences varied with season, H. hirta
.\J generally gave the highest predicted ADG while E. plana, A. appendiculatus, H. falx and M.

caffra gave the lowest. It is notable that the ranking of species was nearly identical for both

enimal species.

Microchloa caffra gave particularly low ADGs and appeared to be incapable of
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T. triandra and T. leucothrix were generally intermediate between the best and poorest species.
in this regard it is notable that, for cattle, the relative renking of T. tiiandra increased
markedly over the grazing season so that by winter it was the highest ranked of all species
{Fig. 7.2). Interestingly, the predicted ADGs from E. muticus, an extremely unpaiatable grass
{Stoltsz & Danckwerts 1990}, were amongst the highest predicted for both animals.

Sesson had a marked effect on both the relative and absclute levels of predicted ADG
from all specles. Generally, between-species differences were least pronounced in spring and
winter when most grasses were of a fairly uniform high or low quality respectively {Figs. 7.2
& 7.3). Further, while fairly adequate animal produ~tion could be expected from most grasses
in spring and summer, it was evident that nearly all species would be unable to meet basic
maintenance requirements in winter, These effects were particularly pronounced for sheep
with loss of body mass being predicted on some species as early as summer, and in the case of
M. caffra, even in spring.

Levels of animal production predicted by the model are comparable with recorded
values. For example, ADGs of 29-69 g and 583-525 g for sheep and cattle respectively, have
been messured over spring and summer at a range of stocking rates on Dohne Sourveld (Anon.
1994). However, the relatively high cattle ADG predicted for T. triandra in winter (93 g/day)
is most unexpected and difficult to reconcile with that predicted for sheep or the observed
levels of production for cattle at this time of the year. Although T. triandra did have the
highest recorded FDF in winter (Chapter 6) this appears to be insufficient to explain the
unusually high production predicted from this species,

While predicted ADGs for sheep in autumn and winter appear low, this probably reflects
the basic assumption of the model that dietary quality was the same in both animals. In
practice, sheep are far more selective (Chapter 2} and could be expected to select diets of
higher quality than both those of cattle and the hand-plucked samples from which the present
estimates of dietary quality are derived (Chapter 7). Further, these low ADGs probably &lso
reflect the assumption that the proportion of rumen contents to body mass, i.e. 20 g/kg
remains constant over the grazing season. In reality, animals probably increase rumen pool
sizes in autumn and winter (Holand 1992) in an attempt to maintain passage rates. The model
was extremely sensitive to this variable (Table 7.2 & 7.3) and using a higher rumen
contents:body mass ratio, i.e. 30 g/kg, markedly improved predicted animal performance,
particularly in winter.

A notable feature of the model was that the estimated DM intakes, i.e. measured IR by
assumed grazing time (8 hours), we~z always substantially greater (1.5 - 3 times) than the
predicted VFI for ail species. This was evident even in spring using the largest poseible ratio
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maintaining sheep body mass at any time in the grazing season (Fig. 7.3). Predicted ADGs for
T. triandra and T. leucothrix were generally intermediate between the best and pocrest species.
In this regard it is notable that, for cattle, the relative ranking of T. triandra increased
markedly over the grazing season so that by winter it was the highest ranked of &ll species
(Fig. 7.2). Interestingly, the predicted ADGs from E. muticus, an extremely unpalatable grass,
were amongst the highest predicted for both animals.

Season had a marked effect on both the relative and absolute levels of predicted ADG
from all species. Generally, between-species differences were least pronounced in spring and
winter when most grasses were of a fairly uniform hign or low quality respectively. Further,
while fairly adequate animal production could be expected from most grasses in spring and
summer, it was evident that nearly all species would be unable to meet basic maintenance
requirements in winter. These effects were particularly pronounced for sheep with loss of body
mass being predicted on some species as early as summer, and in the case of M. caffra, even
in spring.

Levels of animal production predicted by the model are comparable with recorded
values. For example, ADGs of 29-69 and 583-525 g for sheep and cattle respectively, have been
measured over spring and summer at a range of stocking rates on Dohne Sourveid {Anon. 1994).
However, the relatively high cattle ADG predicted for T. triandra in winter (93 g/day) is most
unexpected and difficult to reconcile with that predicted for sheep or the observed levels of
production for cattle at this time of the year, Although 7. triandra did have the highest
recorded PDF in winter {Chap. 6) this appears to be insufficient to explain the unusually high
production predicted from this species.

While predicted ADGs for sheep in autumn and winter appear low, this probably reflects
the basic assumption of the model that dietary quality was the same in both animals. In
practice, sheep arc far more sslective and could be expected to select diets of higher quality
than both those of cattle and the hand-plucked samples from which the present estimates of
dietary quality are derived (Chapter 7). Further, these low ADGs probably also reflect the
assurnption that the proportion of rumen contents to body mass, i.e. 20 g/kg remains constant
over the grazing season. In reality, animals probably increase rumen pool sizes in autumn and
winter {Holand 1992) in an attempt to maintain passage rates. The model was extremely
sensitive to this variable (Table 7.2 & 7.3} and using a higher rumen contents:body mass ratio,
l.e. 30 g/kg, markedly improved predicted animal performance, particularly in winter.

A rotable feature of the model was that the estimated DM intakes, i.e. measured IR by
assumed grazing time (8 hours), were always substantially greater (1.5 - 3 times) than the

predicted VFI for all species. This was evideat even in spring using the largest possible ratio
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of rumen contents to body mass, This .iggests that dietary quality is the overriding
determinant of animal production on sourveld and that, except on the shortest swards, intake

is unlikely to be restricted by sward structure.

7.3.2 Species model-2

7.3.2.1 Goal
To determine the effects of plant height on potential animal production from different sourveld

grasses,

7.3.2.2. Model description

The maodel is identical to Species model-1 but predicts ADG for cattle over a range of plant
helghts in spring, summer, autumn and winter. Sheep were not considerad in the model as no
statistically significant intake-height relations could be detected for any of the eleven grass
species (Chapter 5).

Aside from the assumptions listed for Species model-1 the model also assumes that: (1)
there is no interaction between plant height and forage quality, i.e. quality does not decline
as height increases, (ii) the rate of DM intake is a linear function of plant height, and (iii)
intake rate-plant height relations are independent of season,

Intake rate was predicted over a range of plant heights from 2 to 16 cm for each species
using relations developed in chapter 5. For T. leucothrix, the H, contortus regression was used
as the relation for the first species generated values which were clearly erroneous. No relstion
was available for M. caffra necessitating the use of the regressien from C. dactylon which also
has a relatively low growth habit, For all sp-.cies, potential DM intake, VFI, actual intake and

ADG were determined as described earlier (section 7.3.1.2).

7.3.2.3 Resulits

The predicted response of cattle ADG to increasing plant height is presented in Figure 7.4. Due
to the general similarity of response, results from only six of the eleven species are presented.
For most species, predicted ADG initially increased sharply with plant height (Fig. 7.4)
reflecting the increased rate of DM inteke, and hence digestible energy, with this variable,
This response continued until the constraint set by VFI on DM intake was reached, at which
point (H_,..) animal production was maximized. Above this height ADG remaired constant as
intake was limited by passage rather than by ingestion rates. For E. plana, however, there was

no apparent response to height as the potential DM intake of this specles exceeded VFI at all
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heights (Fig. 7.4).

M qx varied betwzen seasons, becoming progressively lower from spring through to
winter due to che concomitant decline in passage rates and the consequent lowering of the
constraint set by VFI on DM intake (Fig. 7.4). For example with A. appendiculatus, H,,,.
declined from 12 cm in spring and summer to 6 cm in autumn and 4 ¢m in winter. Within a

seascn, &.g. summer, Hy, . also varied widely between species ranging from about 8 cm for T.

triandra to 12 cm fur Fi, hirta. It is noteworthy that the H, . values predicted here are far

lower than the actual height (20-25 cm) at which cattle intake rates are maximised in the field
(Chapter 3).

The mode! also predicts that for some species, intake would be restrizted by VFI at ail
heights in winter and, in the case of K. plana, in all seasons (Fig, 7.4). However, this iz
extremely improbable and suggests that the ratio of rumen cortents to bady mass used in the
maodel . as too low and/or IR were overestimated at low heights for the species in guestion.

-x shoricoming of the present model is that the negative reletion between herbage
quality «nd piant height is ignored. In practice, this interaction would tend to increase ADG
on short swards due to the increased intake of digestible energy but, conversely, production
would be depressed at heights above H .. due to reduced passage rates and hence VFL In
reality, animals weuld also compensate for reduced IR on very short swards by increasing
grazing time (section 3.4}, The net result of these factors would be to shift H, . to the left,
reducing the heighe at which ADG was maximized.

As with Species model-1, the present model highlights the importance of herbage
quality in determining animal production on sourveld. The model suggests that except when
forage is of exceptionally high quality, cattle intake and hence ADG, is unlikely to be
restricted by sward height on most species in this veld type.

7.3.3 Species modei-3

7.3‘3- I Gaaj
To predict the change in animal production through a period of occupation in a paddock at sites

of different species compositions,

7.3.3.2 Model description
The model precicts the change in ADG as animals consume species of different nuatritional
value through a perlod of cccupation in a paddock at the four experimental sites described in

secticn 2.3. Briefly, these sites were bush (dominated by T. triandra and T. leucotiwix),

g
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eragrostis (dominated by E. plana), old lands {dominated by F. hirta) and sheep shed camp
{dominated by T. leucothrix}.

The model was run using only data from the summer period. The model assumies that:
(i) all sites have the same, arbitrarily chosen, total tuft density of 50 000 tufts/ha, (ii) there
are only the three major species present at each site, with all tufts evenly distributed over the
grazing area, {ili} species 1 is always consumed in preference to species 2, which in turn s
always consumed in preference to species 3, {iv} only two species can be inclrded in the diet
at any given time, i.e. 1 and 2 or 2 and 3 but not 1 and 3, {v) based on the sequence of species
selection described earliexr {Chapter 4) animals ouly start consuming species 2 when 20 % of
species 1 tufts have been grazed and species 3 when 70 % of species 2 tufts have been grazed
i.e, species 2 and 3 are of intermediate and avoided acceptability respectively, (vi) once a tuft
has been grazed i¢ is no longer available, i.e. 'second bites' are not considered, (vii} tufts of
all species are assumed to be of the same macs and yield the same rate of DM intake, and (vili)
the energetic costs of search and consumption, i.e. grazing (Eg), are assumed to be constant
and independent of tuft density.

The basic model layout is given in Fig. 7.5, The following starting parameters were
used: paddock area {m?), number of tufts of species 1, 2 and 3 {Table 7.4), tuft mass (g),
walking speed tm.sec.”!) and the time taken to consume a single, whole tuft (sec.). Animnal
parameters are mass, age and SRW which were taken to be the same as in Species model-1.
Estimates of the forage fractions and rumen degradation rates of different species are taken
from chapter 6.

'The model assumes that the animal always maximises its intake of species 1 {the most
preferred species) up to the limit set by its VFI, i.e. where the actual intake of species 1 =
VFI; then the intake of species 2 = 0. Where the intake of species 1 is less than its YFI, due
perhaps to the restricted availability of the species, the animal is assumed to fill its rumen
with the maximum amount possible from this species and make up the remainder of its
potential intake with species 2. Here, the maximum limit on the intake of species 2 set by
rumen processes is assumed to be determined by a linear combination of the respective VFIs
of species 1 and 2, i.e, Intake, = VFI, - b¥VFI, , where b = VF1,/VFl, and VFI, is also equal
to the actual intake of species 1 (Fig. 7.5). The same assumptions were taxen to hold for
species 2 and 3.

At each site, the three most abundant grass species were chosen (Table 7.5) which in
all cases collectively constituted >68 % of all recorded plants at a site, Species initially had
abundances N1, N2 and N3 calculated from the species composition data for each site (Table

2.1) as: ({reiative abundance of a species/sum of the relativ. abundances of species 1-

B = T
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Table 7.4 Speties compositions and order of preference for the four sites used in Species
model-3. Absclute species abundances {thousands) are given in parentheses

Prefer- Site
ence
order Bush Eragrostis Lands Shed
1 T, leucothrix T. triandra H. hirta A. semialata
(19500) {10500} {33500) {9500}
2 T. triandra A. appendiculatus H. contortus T. leucothrix
(210C0) (13000} (9500) {32500)
3 A. appendiculatus  E, plana E. plana A, appendiculatus
(8500) {26000) (6500) {7500)

3)*100)*Total tuft population, i.e. 50 000):
For each species, mean inter-tuft distance (d), derived from Pilou (1989}, was calculated

total area
total tuft number

As this relationship is curvi-linear (Fig. 7.6) there is initially little change in d as tuft
numnbers are depleted but once a certain percentage of tufts have been grazed { 80 - 90 %
depending upon n) d increases sharply.

A daily time step (T) was used, extending over a maximum period of occupation of 30
days. As tufts are consumed each day, the total population of ungrazed tufts declines with a
corresponding increase in d {Fig. 7.5). In each time step, the total number of tufts of a
particular species removed was calculated from the total amount of DM removed from that
species divided by the mass of each tuft, assumed to be § g for all species.

Potential DM iatake {g.DM/day), defined as the total amount of DM that could be
removed from & species in & single day, was calculated as:

T * Tuft mass ¥ Consumption rate
where consumption rate (tufts per second) was calculated as:
(THd/ty, + t /T
where t,, and t, are the walking speed . 1 time taken to consume a tuft, respectively.
The same walking speeds and consumption rates were used for cattle and sheep.
However, for sheep the total amount of DM removed per grass species was multiplled hy a

factor of seven based on the rough assumption that a 300 kg steer has an equivalent intake
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(calculated at 2 % of body mass) to that of approximately seven, 40 kg sheep . Although this
adjustment may be considered somewhat arbitrary, it is unlikely to change the relative shape
of the curves for the different sites, Actual intake and ADG were determined as described
earlier {section 7.3.1.2} with ADG being calculated Srom the sum of the intakes of digestibie
energy irom all species (Fig. 7.5).

7.3.3. Results

Results are presented for cattle only due to the si.ai’xity of model ~: ;0 ‘o cattle and
sheep. Large differences in the rate and extent to which ADG char - .. e grazir g period
at sites of different species composition were predicted {Fig. 7.7). These differences largely
reflected the inherent nutritive value of the specias present at a particular site and the
changing patterns of availability and consumption of these species through the grazing period.

At all sites, a distinct three stage cycle in specles selection and intake was evident
through thc grazing period which directly affected apimal production. In the first stage,
animals consumed only the most-prefeired speciles (1) present giving some, relatively high,
level of animal production. During this stage, production was stable due to the nature of the
relation between tuft density and d {Fig. 7.6) which ensured that IR was initlally unaffected
as the abundance of species 1 was depleted through grazing. However, at some low tuft
density, d increased sharply, depressing IR and reducing the total intake from this species.
This necessitated the inclusion of the next ranked species {2) in the diet. In this secend,
transitional stage, ADG declined steadily as the amount of species 1 in the diet progressively
decreased and consumption of the generally lower quality species 2 increased. This stags
continued unti} species 1 was completely depleted through grazing and the diet consisted
exclusively of species 2. In this third stage ADG usually stabilised at some second, usually
lower, level., The above sequence was repeated when the snimal was forced to consume the
third and final species. However, in this case, ADG in stage two sometimes declined below
that iu stage three if the delay was too long before the third species was included in the diet,
as happened at old lands camp (Fig. 7.7).

Variations of this cycle were evident at all sites. At bush camp for example, ADG was
initially constant as animals consumed 7. triandra, but thereafter declined as the availability
of this species decreased, forcing animals to consume 7. leucothrix ‘Fig. 7.7). Predicted ADG
then stabilised before the availability of T. leucothrix was also depleted and animals started
grazing A. appendiculatus, which is of marginally lower quality. At this site, ADG showed a
relatively minor decline over the grazing period reflecting the relatively similar quality of the

three available grasses. Similarly, at sheep shed, ADG stayed virtually constant over the first
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25 days of the grazing period despite large variatioa in the amount of DM consumed from the
different species over this time period (Fig. 7.7).

In contrast, at eragrostis camp ADG deciined sharply as animals rapidly depleted the
relatively smail proportions of T. triandra and A. appendiculatus available and were then forced
to consume E. plana which is of far lower quality (Fig. 7.7). At old lands camp, relatively high
levels of ADG were sustained for more than half of the grazing period due to the abundance
of the highly digestible H. hirta. However, ADG later declined sharply as the availability of
this species was depleted through grazing and first H, contortus, and later E. plana, were
consumed.

Overall, the model indicated that species compoesition is a major determinant of ainimal
production and its rate of change over the grazing period. In this regard, the followlng specific
factors are of importance, First, the inherent nutritive value of the species present set the
limits to animal production at any particular site, Second, the relative abundance of these
species determines the rate and extent of the change in production over the period of
occupation in a camp. Third, the absolute species abundance (= basal cover) will determine the
period over which any production can be sustained in terms of animal grazing days or stocking
density.

While the model achieved its basic objective, a mmnber of modifications are suggested
which would make predictions of animal production more realistic. First, within-species
variability in quality and intake should be incorporated into the model to account for the wide
range of tuft structures generally encountered in the field. Second, between-species
differences in bite size and intake rate should be used rather than some constant value of
intake for all species. Third, the effect of grazing time on energy expenditure should be
included in the model to account for the increased search times and walking distances
associated with finding an ever diminishing supply of the different species in a camp. Last,
the model should use the actual tuft densities measured in the field rather than assuming that
similar plant populations exist at all sites. For example, on the basis of visual estimates, tuft
densities at old lands camp appearad to b. ibstantialiy lower than those at the other sites.
Incorporation of these factors into the model would improve the accuracy of predictions,

allowing a more realistic evaluatior. uf the production potential of different sites.

7.4 Sward models
These simulation models predict production by cattle and sheep over a range of sward
structures or over the grazing season at four sites of different snecies composition in Dohne

Sourveld. As before, these models were formulzted on a Juattro {4.0) spreadsheet (Quattro
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1992). The models are based upon the relations between (i) dietary quality and (ii} intake in
cattle and sheep, and sward structure and season developed for the four sites described ip
sections 2 and 3, i.e. bush, eragrostis, old lands and sheep shed camps. Questions which were

addressed were:

(i) What is the effect of sward height on anlmal production on sites of different
species composition?
{it) What is the relative change in animal mass over the grazing season on sites of

different species composition?

7.4.1 Sward model-1

7.4.1.1. Goal
To determine the effect of sward height on animal production at four sites of different species

composition in Dohne Sourveld.

7.4.1.2 Model description

The model predicts ADG for cattle and sheep over a range of sward heights at four sites of
different species compaosition., Model predictions are restricted to the growing season, i.e.
swards with a mean greenness value of 2.5 - 5. Input data for the model in terms of sward
structure &od the dietary quality and intake available from each site were derived from
chapters 2 and 3.

The model assumes that sward greenness, and hence dietary quality and MRT, decline
linearly with increasing sward height as observed in chapter 2 and 3 and quantified in Appendix
6. Starting parameters for the model include sward height, greenness, dietary IVD and MRT
for cattle and sheep and animal mass, age and SRW. For the purposes of the model, animals
of the same breed, age, mass and SRW as described in Species model-! were used.

In the model, sward height was varied from 3-~15 cm for sheep and from 5-30 cm for
cattle, The change in sward greenness with increasing height was calculated separately for
each site using the relations presented in Appendix Table 6.2. Dietary in vitro digestibility was
predicted from sward greenness for cattle and sheep at each of the four sites for the year of
the burn (year 1) and the year following the burn {year 2) [Appendix Table 6.1}. MRT was also
predicted from greenness for each site (Appendix Table 6.3) with the same relation being
assumed to hold in both years.

Total daily potential intake was calculated as:

- SR M
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IR ¥ GT
where IR = intake rate {g DM/min.) and GT = grazing time (min.}. Intake rate was predicted
from plant height using relations presented in Table 3.3 (cattie) and 3.7 {sheep). Cattle IR was
assumed to respond to plant height in the same manner at all four sites but different relations
were used for each site for sheep.

As the above relations are based upon data from fasted animals, IR should be adjusted
©o approximate rormal levels of satiation. Newman et al. (1994} cbserved that sheep fasted
for 24 hours had IRs 0 % greater than unfasted animals, while Greenwood and Demment {1988)
recorded a 60 % increase in IR of cattle fasted for 36 hours. Assuming a linear relaticn
between the length of fasting and response in both studies, this suggests that, based on the 15
hour {16:00-06:00) fasting period used in the present study, current estimates of IR should be
reduced by 43 % and 25 % for sheep and cattle respectively. However, these adjustments must
also take into account the possible underestimate of insensible weight loss in sheep (Penning
& Hooper 1984) and the incomplete recovery of fistula extrusa in cattle {Stobbs 1973a). If bath
are taken to be 20 %, this translates into an effective 20 % reduction in observed intake rates
in sheep while IR remain basically unchanged for cattle,

Cattle grazing time was predicted from plant height (PH) using data presented in section

GT =724-9.9%PH (%= 0.34; F = 16,77;p<0.0501)
For sheep, grazing time, in hours, was predicted from plant height using the equation:
GT = 11.2 - 0,272%PH

obtained by assuming & meximum grazing time of 11 hours with a sward height of 1 cm and
a minimum GT of 7 hours with a sward height of 15 cm. Data from Allden and Whittaker
(1971) indicate sheep grazing time of 6 and 13 hours on long and short swards, respectively.

Voluntary feed intake was calculated as:

VFI = (Mass of rumen contents/MRT) * 24

Actual intake and ADG were predicted as described for Species model-1 (section

7.3.2.1).

7.4.1.3. Results

At all sites there was an optimum sward height (Hopt) at which animal production was
maximised (Fig. 7.8), varying from 6-9 ¢m for sheep to 10-12 cm for cattle. This optimum
reflected the opposing relations between intake rate and height on the one hand and MRT and
sward height on the other. As height increases, IR rises sharply due to the strong linear
relation between bite size and plant height (Chapter 3). Conversely, VFI declines with
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increasing height due to the decline in herbage quality and its resultant effects on MRT,
Animal production is thus optimised at the sward height where these two lines inteisect. At
heights below Hopt' production is restricted by ingestion rate while at heights abave tliis level
production is largely restricted by digestion rate. For sheep, production may z2lso be restricted
at heights above Hopt due to the decline in IR ohserved at some sites on very tall swards, e.g.
eragrostis camp (section 3).

it is irmportant to note that I-Ic,pt was extremely sensitive to the adjustment factor
appiied to IR to compensate for the effects of factors such as fasting and the incomplete
recovery of fistula samples. For example, at sheep shed, adjusting cattle IR by zero, -10 %, -
20 % and -4 % resufted in respective Hopt of 11 cm, 13.5 cm, 15 cm and 16 cm. Predicted
Hopt for sheep was also sensitive to the adjustment factor used, changing from 6.8 cm to 10
cm at sheep shed, over the same range of adjustinents to IR. Consequently, predictions of Hopt
from the present model should not be regarded as abcolute values but rather as an indication
as to where these relative heights occur.

Although it was assumed that the relation between MRT and sward height was constant
over the growing season, in practice, both the slope and position of this line are likely to vary,
resulting in different optima through the season, as observed in Species modei-2 {section
7.3.2.3). Intuitively, it may thus be expected that ant will be highest in the early season but
will decline thereafter, due to the general decrease in forage quality (Chapter 2). However,
even on the highest quality swards, H0p1. should always be lower than that at which bite size
is maximised, as any increase above this height only depresses forage quality, and ultimately
VFI, further.

For cattle, Hy,t was nearly identical at all sites (Fig. 7.8). However, between-site
differences in predicted production were evident in both years: in year 1 predicted ADG at
sheep shed was nearly 160 g higher than that for the remaining sites, largely because of the
particularly low MRT of samples collected at this site. In year 2, predicted preduction was
highest at old lands, probably due to the relatively small depression in IVD measured at this
camp in the second year (Chapter 2). It is also notable that the rate of decline in ADG above
Hopt also varied between sites due to the different nature of the relations between MRT and
plant height,

In contrast to cattle, Hm:,t for sheep varied between sites tending to be lowest for bush
(¢ 7 cm)} and highest for eragrostis (+ 9 cm). This probably reflects the fact that different
intake rate functions were used for the fou Ites rather than any intrinsic difference between
sites per se. Although predicted production was fairly similar for all sites in year 2,

differences were moce marked in the first year with sheep shed and eragrostis camps having
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the highest and lowest predicted ADGs respectively (Fig. 7.8). As with cattle, these
differences largely reflect variation in the MRT of sampies collected at the different sfirs.

7.4.2 Sward medel-2

7.4.2.1 Goal
To predict the cumulative change in body mass of cattle and sheep over the grazing season,
adjusted for the differential decline in animal production over the grazing pericd, on swards

of different species composition on sourveid.

7.4.2.2 Model description

The model predicts the cumulative change in body mass over the grazing season of cattle and
sheep on sites of different species composition on scurveld. The model accounts for
differences in animal production between sites by {i) predicting the potential animal production
from 2 site based on measured values of dietary quality and intake from each site and (ii)
taking into account the fact that anima! production will decline at different rates over the
grazing period on different sites (see Species model-3) due to differences in species
corposition.

The maodel uses a tourteen day time step (T), which is an average period of accupation
in a camp in sourve!d (Barnes 1989), and assumes that at the end of this period animals are
moved to a new paddock of 1dentical species con.position. Anirnals were assumed to be 1.5
year old Dohne Merino wethers and 2.5 year old Bonsmara steers with starting body masses of
35 kg and 250 kg, and SRW of 85 und 500 kg, respectively. The model assumes that: {i) dietsry
guaiity declines but MRT increases in a constant linear fashion over the grazing season, as
documented in chapter 2, (ii} sward height and therefore potential IR, remain constant over the
same period (iif) dietary quality and heuce animal production, in general, declines over a
period of occupation in a camp, {iv} any deficiencies in dietaiy protein requirements are
rectified through supplementation, {v) the ratio of the mass of rumen contents tc body mass
(20 g/kg) remains constant throughout the season, (vi) sward height is optimum for both
animals, i.e. 8 cm for sheep and 12 cm for catuc, and (vii} sufficient herbage is always
available for grazing when animals return to a camp.

The model starts at the beginning of the grazing season, assumed to be 1 Octeber (day
0}, and continues until the end of winter {day 350). A time step (T} of fourteen days is used
with cumlative live weight gain being calculated in increments of T. Dietary IVD and MRT

were predicted from days since the start of the grazing season using relations derived from
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data in section 2 and presented in Appendix 6.4 & 6.5. Potential intake, actual intake and VFI
were determined as described earlier (section 7.3.2.1).

Table 7.5 Predicted decline in animal daily gain for cattle and sheep through a period of
occupation in a camp at different times through the grazing season

CAMP

Season Bush Eragrostls Lands Sheep shed

v _glday
Cattle
Spring ] -3.30 -8.50 -5.00
Summer -8.25 -9.09 -14.28 -1.78
Antumn -2.93 -7.50 -2.33 -3.86
Winter -2.33 -5.33 0 ~1,10
Sheep
Spring 2,13 -0L.53 -1.80 -0.52
Summer -1).50 -1.23 -{.93 .26
Autumn -{,22 -(,91 ~0.2¢ ~(3.41
Winter -0.60 0.0 0 -0.19

At any time step T, potential animal daily gain (ADG) was predicted as described in

Species model-1. The rate of change, i.e. the slope, of ADG over the grazing period at the
four different sites was obtained from Species model-3. Slopes for cattle and sheep were
determined by fitting a line by eye tc the curves generated by this model and calculating the
change in ADG per day at different times through the grazing season (Table 7.6). The zero
decline in ADC at old lands camp in winter reflects the fact that because VFIs were low at this
time, total intake was also lower, so animals were able to graze H. hirta throughout the
grazing pericd without being forced to graze the lower quality species present in that camp.

Potential ADG was then adjusted for the expected decline in ADG over the grazing
period at each site, i.e.
ADG adjusted = [{ADG potential + (ADG potential - slope * (T))/2] * T

The expected mass loss or gain over T was then calculated using this adjusted ADG as:

ADG * T

where T = length of time step in days.

7.4.2.3 Results

The model predicted a seasonal pattern of live weight gain typicel of sourveld, with rapid
weight gains in the first 150~200 days, followed by a levelling off or decline in mass in late
season (Fig. 7.9). This trend is a direct reflectiou of the observed seasonal decline in dietary
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quality which is characteristic of this veld type (Chapter 2), and its resultant effect; on MRT,
VFI and the consequent intake of metabolisable energy. Predicted gains were withi: the range
of recoruad valces for animals of similar body size on sourveld, For example, seasonal gains
of 57-87 kg were measured for cattle over a number of stocking rates on this veld type (Anen,
1994) compared to predicted values of 35-90 kg {(Fig, 7.9). Similarly, seasonal predicted gains
for sheep of 3.5-8.5 kg are comparable to recorded gains of 2.6~6.3 kg (Anon. Joc. cit.).

There were major differences in predicted mass gain between years with gains being
markedly higher in the first than in the second year {Fig. 7.9). For example with cattle, mean
predicted production was 58 and 32 kg in these two years respectively., This difference is
logical and reflects the general higher nutritional quality of samples collected in the year of
the burn compared to those collected in the subscquent season {Chapter 2),

There were large between-site differences in predicted gain for both animal species
(Fig. 7.9). For example, with cattle, the difference between the sites with the highest and
lowest predicted gain was 125 % and B0 % in the first and second year respectively, while for
sheep these differences were 500 % and 680 % for the two years, Predicted gains for sheep
were highest at old lands and sheep shed in year 1 but were markedly higher at old lands than
at sheep shed in year 2. In both years predicted gains were lowest at eragrostis camp.
Conversely, highest predicted grins for cattle were =t sheep shed in both wvears while lowest
gains were at eragostis and old lands in year 1 and at bush camp in yvear 2 (Fig. 7.9). While
unexpected, the discrepancies in site rankings between cattle and sheep appear to refiect
differences in the quality of diet selected by the two animals at the four different sites,

In the present model, predicted animal production is essentially a product of (i) the
potential quality of diet available at a particular site, and (ii), the rate at which this quality
declines as the animal is forced to graze other, possibly lower quality species in the sward.
Thus, predicted prodaction at sheep shed was generally high because available quality was also
high while the rate of decline through the grazing period was low (Table 7.3). In contrast,
predicted production at eragrostis camp was poor as the quality of diet selected there was, in
generui, low, while the rate of decline rhrough the grazing period was very fast due to
rdominance of the low quality E. plana at that camp. Old lands is an interesting contrast to
the se two extremes; here, the rate of decline in quality over the grazing period was relatively
1ast, but the quality of diet selected by sheep was sufficiently high to give nearly the highest
level of predicied animal production of all camps (Fig. 7.9).

The model succeeded in its basic goal of incorporating the decline in ADG through the
grazing period into a basic prediction of animal production on sourveld, However, some of the

basic assumaptions used in the model require modification. First, the assumption that dietary
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quality continues to decline {and MRT to increase) at. the extr=me end of the grazing season,
i.e. in August and September, is simplistic as herbage quality appears to start recovering to
spring levels ¢ this stage (P.J.Zeeman pers. com.l). Second, Species model-3, from which the
rates of change in ADG are derived, assumes that the total plant population, i.e. plant density,
is the same at all sites. However this is unlikely to be the case in practice as fairly large
variations in basal cover are common on rangeland which would forther amplify between site

differences in animal production.

7.5  Discussion

The models presented in the present chapter cleariy indlcate that species composition and
sward structure are major determinants of animal production on sourveld. The potential
importance of specles composition was initially indicated by the large differences in predicted
animal production between individual grass spacies (Fig. 7.2 & 7.3). This was confirmed by the
predicted differences in production between sites of different species ¢. mposition using dietary
quality and intake data from these sites (Figs. 7.8 & 7.9). In this regard, it is noteworthy that
the small, apparently insignificant differences in dletary quality detected between different
sites {Chapter 2) frequently translaied into major differences in predisted animal production.
These differences are likely to be of major econoris relevance for the grazier. For example,
the predicted difference in animal production between the best and poorest site in Sward
model-2 (year 1), translates into « R187 and R24 differcnce in gross return per animal per year
for cattle and sheep respectively (cslculated at current prices of R2.50 and R3.00 per kg live
weight).

Species composition appaars to be an importan: determinunt of animal production for
two reasons. First, the basic nutritive value of the dominant palatable species present defines
the upper limit to production which may be achieved from any area. As an example, the
potential animal production from a site dominated by H. kirta is likely to be considerably
higher than one dominated by F. contortus. This was apparent even in the preliminary data
where in some camps the quality of diet selected in even the first few minutes of & grazing
period was, or average, higher than that selected in others (Chapter 2}, Second, the rclative
abundance and nutritive value of other, possibly unpalatable, species will determine how long
this initial production can be maintained and the extent to which production will decline when
animals are eventually forced to graze this secund group of species. Thus in Species inodel-3,

predicted ADG declined far faster over the grazing pariod at sites like eragrostis carap which

1 Dohne A.D.L, P. Bag X15, Stutterheim, 4930,
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was dominated by the low quality E. plana, than at. other sites, where the less palatable species
were less abundant and/or of higher nutritive value (Fig. 7.7).

Overall, there was considerable concordance in output between the Species- and Sward-
series of models. For example, predicted production from old lands and sheep shed camps was
the highest for both cattle and sheep (Sward model-1 and -2). These camps were dominated by
H. hirta and 7. leucothrix respectively, which both have moderate to good degradation
characteristics i the rumen and a high predicted potential to support animal production {Fig.
7.2 & 7.3). Conversely, predicted production from cragrostis camp was low in all models,
which is in agreement with the poor production potential of its dominant species, E, piana.

Despite the obvious importance of species composition, there is only limited agreement
between the ranking of sites in terme of their potential to support anima! production and their
veld condition score. Using the saccepted scoring technique for the Dobne S.urveld
(Danckwerts 1987), site rankings based on veld condition score (In parenthesis) are bush (678},
sheep shed (584), eragrostis (487) and old lands (424) camp. However, based on the average
animal productinn over the grazing season for Sward model-2, site rankings in order of
predicted production sre sheep shed, old lands, bush and eragrostis camp. Thus, while there
was some agreement on the relative value of sheep shed and et agrostis camps, based on veld
condition score, the value of bush and old lands were considerably over- and under-estimated,
respectively. It is therefore obvious that on sourveld the veld condition score remains an
inadequate index of the potential of an area to support animal production.

Sward structure was also an important determinant of animal produccion, mainly through
the effects of sward height and greenness on dietary quality and intake. Greenness was the
major decerminant of dietary quality but through its effects on MRT, also controlled VFI and
uitimately, total DM intake. Sward height controlled bite size and hence the rate of herbage
ingestion by the grazing animal, However, an obvious threshold effect was evident in terms
of the predicred response of animal production to this varisble. Below the height at which
intake rate was maximized, smaail increases in height resulted in major increases in animal
production due to the sirong positive relation which oxists between the first two variables
{Chaptes 3). However, above this point, increasing beight led to no further increases in
production s intake rate was then limited by mouth dimensions rather than sward height per
se. Production would in fact decline above this heishy. due to the decrease In sward greenness
anit essociated declines in VFT ard the enerpgy content of ingosted berbage.

The relative importance of sword beighic was strengly dependent upon forage quality due
to the constraint set by dige:lon rate un intake. As quality Jeelined, this constraint increased,

rescricting DM intake furthes and reducing the response of animal production to sward height
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(Fig. 7.4). This is consistent with the observation that except on the highest quality swards, the
potential rate of DM ingestion far exceeded the actual rate of digestion through the ruren.
On the basis of the above it is apparent that dietary quality is the biggest single determinant
of animal production on sourveld and that the relative impartance of this variable increases
as herbage quality declines through the grazing season.

While model ow.,.uts for cattle and sheep were generally similar, a number of
differences w.- ¢ apparent between the two animals which are of Interest. First, the optimum
sward heights (during the growing season) for cattle (12 cm) and sheep {6-8 cm) were different,
as would be expected for two animals functioning under markedly Jdifferent physiological and
anatomical constraints. For both animals, the optimum Leights are marginally higher than those
recommended for temperate pastures, e.g. Ernst et. al. (1980) but are within the range
considered to be optimum by leading graziers for ¢he Dohne Sourveld (W.G, Hartleyz, pers.
comnm). Interestingly, for both cattle and sheep these heights are markedly lower than those
at which intake rates were maximised (Chapter 3), again emphasising the overriding importance
of forage quality in sourveld. Second, although the rslative rankings of mos* sites wete
similar, old lands camp appeared to have a markedly higher potential for sheep than for cattle
(Fig, 7.9). This is surprising as this site tended to be tall and very stemmy, and appeared
unsuitable for a small, short grass grazer like sheep. However, the greater selective ability of
this animal possibly allowed it to select the high-quality H, hirta leaves which v.ere dispersed
amongst the available material while cattle were forced to graze relatively unselectively.

It is also noteworthy that the predicted weight gains in cattle, when taken in proportion
to initial body mass, were far greater than those for sheep, Thus, in Sward model-2, which is
based on the actual quality of diet selected by animals in the field {section 7.4.2.2), cattle in
year 1 showed an average iucrease in body mass of 32 % relative to only 12.3 % for sheep.
This demonstrates the sdvantages of having a relatively large rumemn:body size ratio and
suggests thar this factor may outweigh the greater selective ability of the latter animals in
dealing with a low-quality resource like sourveld.

Lastly, it is suggested that the above models are an improvement on the mode! of Hardy
and Mentis (1986) in that the present models incorporate the actual mechanistic processes
which operate in the field, e.g. ingestion and digestion rates, rather than the coarse, higher
level outcomes of such processes, e.g. total daily DM intake, as used by Hardy and Mentis {joc.
cit). Accordingly, the present models are likely to be relatively more flexible and have a
greater ability to predict over a range of environmentsl conditions than that of Hardy and
Mentis (1986).

2Yglvadell', PO Fox 232, Stutterheim, 4930.
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Similarly, while the present models are relatively simplistic compared to the model
developzd by Owen-Smith (1891), they are an improvement, in certain respects, in that (i), they
accounted for the effects of species sbundance and declining food availability on search and
intake rates, and {if}, they accounted for between-gspecies differences in passage and digestion
rates of cell and cell wall constituents in contrast to Owen-Smith (1991} who assumed that
these were constant across all species. As observed in Chapter 6, this assump® .on is erroneous
and possibly accounts for the fact that the differences in predicted animal production between
sites of different species comyposition in the latter model (Owen Smith loc. cit.) were relatively
small compared to those predicted here. Nevertheless, the models developed in this study
require modification including the development of an ability to predict herbage growth, the
capacity to handle more complex species mixes in the diet, more detailed accounting of the
energetic costs associated with foraging and the allometric adjustment of ingestive behaviour,

e.g. bite size, in relation to changing body mass.

7.8 Conclusions
7.6.1 There were large differences between grass spi. a1 their predicted potential to
support animal production. Overall, predicted ADG was greavest from H, hirta, and to a lesser

extent from (. dactylon, but lowest from A. appendiculatus, E, plana and M. cafira,

7.6.2 Predicted ADG declined progressively through the grazing season for all species. With
the exception of 1. triandra, none of the species consicered appeared capable of sustaining

gnimal production in winter.

7.6.3 For individual grasses, predicted ADG by cattle was maximized at a height of between
8 and 12 cm, depending upon the species, However, this height became progressively lower as

herbage quality declined through the grazing season.

7.6.4 Predicted ADG declined thrcugh the grazing perlod at all sites. The magnitude of this
decline was strongly dependent upon species composition in terms of the nutritive value and

the relative and absolute abundance of the species present at any site.

7.6.5 Predicted ADG was optimised at a sward height of 6 to 8 cm for sheep and about 12 cm
for cattle, at all sites during the growing season. There were marked differences between sites

in terms of predicted animnal production.
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7.6.6 Differences between sites in predicted seasona] gsin were large with productisn at the
site dominated by T. Jeucothrix (sheep shed) generally being the highest for both animals. At
all sites, predicted liveweight gain was most rapid in the early season but thereafter levelled

off and, in some cases, declined, in the late season,

7.6.7 On ali but the shortest of swards, potential rates of DM ingestion were generally far in
excess of predicted voluntary intake, i.e. rates of digestion. This suggests that ia sourveld,
intake is seldom likely to be restricted by the effects ot sward height on intake rate per. se.
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CHAPTER 8

REVISED FORAGE FACTORS FOR THE DOHNE SOURVELD

8.1 Objective
The objective of this section was to develop forage factors for conunon sourveld grasses
based on measured attributes of the acceptability and the potential rates of digestion

and ingestion of these species.

8.2, Tatroduction

The current method of determining the veld condition score of a site in the Dohne
Sourveld involves multiplying the relative abundance of each species present by some
forage factor. Depending upon the Specieé, these forage factors may range from a
factor of zero, e.g. E. muticus to a factor of ten, e.g. T. triandra (Danckwerts 1987).
The resuitant products are then summed to give the veld condition score for that
particular site.

As stated previously, the current forage tactors for the Dohne Sourveld are based
upon subjective assessments of the palatability and potential productivity of individual
grass species (Danckwerts 1987). It would, however, be an improvement if 2 set of
factors could be derived which were rather based on some objective sssessment of the
relevant attributes of these species. The data and models presented in this study
accordingly present sn appropriate opportunity to develop a revised set of forage

factors for grass species common to the Dohne Sourveld.

8.3 Procedure

Forage factors were determined separately for cattle and sheep on the assumption that
these animals operate under diiferent foraging constraints and have different species
preferences, In the first step, the intake rate (Chapter 5) of each species was
standardised by dividing the measured IR by the lowest recorded value for all grasses,
e.g. for sheep ali IR values were divided by the estimated IR for M. caffra. In the
second step, this same procedure was repeated for the predicted VFI of all species for
each of the four seasons, For each species, an overall VFI score was then calculated
using the standardised scores, weighted for each season. The weighting factors used
were either 1, 1, 2, 3 or 3, 3, 2, 1 for spring, summer, autumn and winter respectively.

These two weighting procedures were taken to reflect opposing theories that
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either winter or summer herbage quality is of greater relative importance for animal
production on sourveld. The first theory is that nutritional quality in winter is
relatively more important, as the degree of mass loss at. this time ultimately determines
the survival or reproductive success of the animal in the following season. This theory,
which will be termed winter minimisation, would presumably apply to wild animals but
could be equally appropriate for breeding animals in commercial herds. The second
theory is that nutritional quality in summer is relatively more important as this is when
maximum animal growth occurs, aud it is assumed that any potential mass loss in winter
is either prevented by supplementary feeding or is made up by ccmpensat. ry growth the
next season or & combination of both. This could be termed summer maximisation and
would approximate certain production systems on sourveld, such as an operation growing
steers gut to maturity.

In the third step, the standardised scores for IR and VFI were ranked from
highest to lowest and each species given a score out of ten for each attribute. In the
fourth step. the overall acceptability of each species was rated separately for cattle and
sheep on a scale of zero to ten based on data presented in chapter 4 or on unpublished
field observations,

A forage factor was finally calculated by applying different weightings to the
scores for acceptability, VFI and potential IR, and determining an overall score for each
species. Weightings used for sheep were 10, 1 and 2 for VFI, IR and acceptability
respectively, while those for cattle were 5, 1 and 2. With both animals, any species
with an acceptability score of zero automatically received a total score of 1. The
weightings used for VFI and IR were derived from the sensitivity analysis presented in
Tables 7.3 and 7.4 and are based on the assumption that for sheep and cattle, the rate
at which herbage can be digested, i.e. its quality, is 10 and 5 times more important
respectively, than the rate at which it can be ingested. For both animals, acceptability
was also rated twice as high as IR on the assumption that the latter factor was of little
relevance If animals would not graze a species. Forage faciors were standardised to
between zero and ten by dividing the sum of the weighted products of VFI, acceptability
and IR by the sum of the all weighting factors for that species, i.e. 13 and 8 for sheep
and cattle respectively.

Veld condition scores for the different experimental sites (see Chapter 2} were
recalculated using the revised forage factors. Sites were then ranked from highest to

lowest first, on the basis of the eld {Danckwerts 1987) and the revised scores and




Table 8.1 Revised forage factors for different grasses in the Dohne Sourveld. Summer and winter weighted refer to
the season where herbage quality was rated highest. See text for more details
Sheep Cattle
. Previous
Species factor? Summer Winter Mean Summer Winter ems
waighted weighted weighted weighted
A. appendiculatus 7 3.85 3.08 3.46 4.88 4.25 4.56
A, semialata 2 6.46 8.00 7.23 8.63 0.25 8.94
C. daetylon 2 6.77 4,46 5.62 6.75 4.25 5.50
E, plana 2 2.08 2.85 2.46 3.63 3.63 3.63
E. muticus 0 ¢.08 0.08 6.08 0.13 0.13 0.13
H, contortus 7 6.69 7.46 7.08 7.13 6.50 6.81
H. falx 4 4,23 423 4.23 4,00 3.38 3.69
H. hirta 4 9.69 2.69 9.69 9.13 9.13 9.13
M. caffra 0 0.08 0.08 0.08 0.13 0.13 0.13
T. leucothrix 7 6.15 6.92 6.54 6.88 6.88 6.88
T. triandra 10 6.46 9.54 8.00 7.75 9.00 8.38

YDanckwerts 1987)
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second, on the basis of the total seasonal animal production predicted on each site using
Sward model-2 {Chapter 7). These two sets of rankings were then compared to
determine the degree of concordance between the two veld condition scores and the

predicted animal production from each site.

8.4 Results

The revised forage factors for the different species, as well as the original factors given
by Danckwe .5 (1987), are given in Table 8.1. The revised forage factors for A.
appendiculatus, T. triandra and T. leucothrix are, on average, shout turee units lower
compared to those propesed by Danckwerts {Joc. cit.), largely due to the fact that these
species were all found to be of only average quality relatlve to the other grass species
{Chapter 8). Conversely, the forage factors for A. semialata, H. hirta, and C. dactylen
were all markedly higher, due to the relatively high quality, and hence predicted VFI,
of these three grasses., Fur the remaining species there was fairly ,ood agreement
between the old and the naw revised forage factors (Table 8.1).

The effect of weighting herbage quality according to the strategies of summer
maximisation or winter minimisation had little effect on the forage factors developed
for most species {Table 8.1). However, notable exceptions were 7. triandra and A,
semialata which had relatively higher forage factors with winter weighting, and C.
dactylon for which the reverse applied. These differences reflect the marked change
in the relative quality rankings of these three species over the grazing season {Chapter
6). Forage factors developed for cattle and sheep were generally similar (Table 8.1)
although the forage factors of A. apper diculatus and E. plana were relative’- lower for
sheep, largely due to the higher weighting (10 vs, 5) given to leaf quality for /& iatter
animals. In contrast, despite its relatively high quality, the sheep forage factor for A.
sernialata was relativel; low due to the low preference shown by these animals for this
species (Chapter 4).

The revised veld condition sceres for the four sites used in this study as well the
site rankings in terms of both this attribute ana predicted animal production from Svard
model-2 (Chapter 7} are given in Tahle 8.2. Based on overall condition score, site
rankings derived from the old scores were generally different from those obtained using
the new forage factours, In particular, the rankings of old lands and bush camp were
almost completely reversed with the former site now having the higt.est score and “.»ing
ranked first (Table 8.2) while the latter camp was ranked second lowest of the four

sites. These differences result directly from the respective ir-rease aid decrease in
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Table 8.2 Site rankings based on (i) veld condition scores derived from the previous and the
revised forage factors for catile and sheep, and (ii) prediected production of cattle
and sheep from these sites

IR

Site rankings

Site Previous Catile Production Sheep Production
forage forage (cattic) forage (sheep)
factor factor factor

Bush 1 3 3 3 3

Sheep shed 2 2 i 2 z

Eragrostis 3 4 2 4 4

Lands 4 I 4 1 1
IDanckwerts {1987)

the revised forage factors of H. hirta end T. ¢riandra reported earlier, In contrast,
there was little difference between the two methoc~ in thic relative rankings of sheep
shed and eragrostis camps.

There was almost complete agreement between the ranking of sites obtained
using the revised forage factors (Table 8.2) and predicted sheep production from these
sites. This is in contrast to the old forage factors where only limited agreement
hetween site rankings for veld condir‘on score and predicted production occurred,
Unfortunately, matching between site rankings for veld condition and predicted cattle
production was only marginelly better than that achieved with previous forage factors
(Table 8.2). The major reason for this discrepancy between site rankings for catile and
sheep was that the revised forage factor for H, hirta appeared to overestimate the

value of this species to cattle, at least under the conditions of the present experiment.,

8.5. Discussion

The forage factors developed in this section for the Dohne Sourveld ore an improvemeat
over previous factors in that there appeared to be better agree:...nt between the
resultant veld conditlon scores and the predicted animal production from different sites
(Table 8.2). In this regard it is interesting to comgpare the rankings of different
communities which would be obtained using the present for:42 factors and those of
Danckwerts (1987). Based on the latter method, well-managed T. triandra dominated
sites (Tainton 1981) would be assessed as being in ‘optimum’' condition and would be
ranked highest in terms of their expected potential to support animal production.
Conversely, degraded sites which had suffered .icess.ve grazing pressure and were

dominated by E. plana or those which had been subject to extreme species selective
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grazing and were dominated E. muticus, weuld be ranked the lowest. Intermediate
between these extremes would come, in descending order, so called under-utilised sites
{sensu Tainton 1981} dominated by T. Jeuc - wix and A. semialata, followed by the
secondary grassland, H. hirta communities.

In contrast to the above, the secondary grassland, H. hirta communities would
be ranked highest using the new forage factors while the Tristachya and Thetneda
communities would be ranked lower at a ievel almost equal to each other., However,
in agresment with conventionsl rankings, sites dominated by E, planza or E. muticus
wrula be ranked lowest using the new forage factors {Table 8.2}, It should be noted that
uespite the very high forage factor given to H. hirta and the resultant high ranking of
sites dominated by this grass, these 'old lands’ represent a relatively small fraction of
the Dohne Sourveld, and are therefore not a major issue in the menagement of this veld
type.

While the present forage factors appear to be an improvement cver previous
factors they nevertheless have two important shortcomings, First, in determining these
factors, the persistence or abllity of a apecies to withstand grazing pressure was not
considered and the iasue of sustainability, as defined by T'eague and Danckwerts {1989),
was therefore not addressed. However, while it is sccepted that there may be a
conflict between short-term production and sustalnability in certain semi-arid areas
(Tainton 1981}, this is not likely to be a problem in sourveld partly because of the low
variability of rainfall and partly because of its perennial, rather than, snnual species
composition. Second, the present forage factors do not take into account the forage
production potential of the different species which directly determines both the short
and long-term grazing capacity of a site. However, there is no evidence to show that
herbage production and veld condition are related in the Dohne Sourveld (Willis 1990),
suggesting that there is little difference in the herbage production potential of the
constituent species of this veld type. The forage factors developed here {and in fact
those of Danckwerts (1987)) should therefore be used with caution until such time as the
production potentiai of individual grass species has been assessed and, accordingly, these
factors cannot be regarded as a definitive index of the ability of & species to support
animal production.

The present exercise was, nevertheless, valuable in that it highlighted the
difficulties associated with assigning a forage factor to a species in terms of its
potential to support animal production. In the first place, reconciling the acceptability

of a specles with its nutritive value is problematic. While the acceptability of most
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sourveld grasses is generaily correlated with leaf quality {O'Reagain & Mentis 1989b;
O'Reagain 1993) there are a number of exceptions to this general rule. For example,
while E. muticus is, theoretically, of high nutriticnal value (Chapter 7) it is of
extremely low acceptability to both cattle and sheep (Strltsz & Danckwerts 1990), In
this case it may be assumed that this species will seldom be consumed and is therefore
of little practical value to the grazing animal. The case of A. semialata is, however,
more difficult. While fairly acceptable to cattle, it is genei'ally avoided by sheep
(Chapter 4) despiv» the relatively high quality of its leaf material (Chapter 8). Although
sheep will graze A. semialata (Chapter 4) when other, more acceptable herbage has heen
depleted, the high predicted production from this species {Chapter 7) could be negated
by the increased energetic costs associated with searching for other grasses to graze
before sheep finally consume this species.

A further problem is that of plant structure, with the most relevant example
possibly being thet of H. hirta for cattle., While predicted production from this species
is high due to the rapid degradation rate of its leaves in the rumen (Chapter 7), the
species develops a dense mass of woody, persistent stems if not defoliated in the early
season. The value of such a species is therefore largely conditional upon its phenology,
making it extremely difficult to allocate some average score to this species.

However, possibly the biggest problem is that of determining the relative
weightings to be attached to attributes like quality, intake and acceptability in deriving
a forage factor for a particular grass species. Although an attempt was made to

objectively determine these weightings in the present iy, a streng element of

subjectivity was nevertheless unaveidable In assigning a welghting to an attribute like

acceptability which is not only difficult to quantify but is also dependent upon season \ e

2 and the presence or absence of cther, more palatable species. The weightings assigned " ?«
| to IR and VFI are also gquestionable, given that the relative importance of these |
¢ attributes varied between different seasons (Tables 7.3 & 7.4).

The present exercise also highlighted potential differences hetween animal
l species in the weightings applied to the various species attributes while differences in
operator objectives or the survival strategy employed by the apimal, l.e, summer
¢ maximisation versus winter minimisation, were also of relevance in determining the
forage factor of a particular species. Unfortunately, with a few exceptions, e.p. Teague

Nt and Danckwerts (1989), previous assessment techniques have not acknowledged these

preblems and have blindly assumed that a veld condition score is an absolute index,

independent of both animal species and operator objectives. This assumption is clearly
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erronecus and future forage factors must thercfore take into account not only grazier

objectives and snimal type but should explicitly define the underlying assumptions about

the relative importance of the different species attributes used in the determinination

of these factors.

8.6 Conclusions

8.6.1 A series of new forage factors for comrmmon sourveld grasses were \
developed based on :neasured attributes of the acceptability and potential rates of '

ingestion and digestion of these species, weighted separately for cattle and sheep.

8.6.2 Relative to the previous system, the forage factors of T. triandra and A.

appendiculatus were reduced, while those of H, hirta, A. semialata and C. dactylon

increased, largely due to differences in forage quality between species.

8.6.3 With the exception of A. semialata and H, contortus which had a higher
forage factour for sheep, and E. plana and A. appendiculatus, which had higher forage
factor for cattle, there was little difference in species forage factor between the two
animals. '

8.6.4 Giving the relative winter quality of a species a greater weighting than
that of its summer quality increased the forage factor of 7. triandra and A, semiaiata
but decreased that of . dactylon. Changing these relative weightings also had a

marked effect on the veld condition scores of different sites, particularly for sheep.

8.6.5 Use of the new forage factors markedly improved agreement between site
rankings based on veld condition score and predicted animal production for sheep, but

agreement hetween site rankings for cattle remained poor.

B8.6.6 It is concluded that species forage factors must take into account grazier
objectives, the type of animal involved and the underlying assumptions about the
relative importance of different species attributes. Accordingly, the veld condition

score of a site is not absolute, but is conditional upon these factors.
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CHAPTER 9

CONCLUSIONS

9.1 Overview

In this section a brief overview of each component of the study is glven. Accordingly,
major findings are briefly stated, their relevance within the context of current
knowledge is addressed and the influence of any shortcomings in experimental design
or execution on the interpretation of results are discussed.

Species composition and, by extension, veld condition, had ..o clear effect on the
quality of diet selected by cattle and sheep on sourveld. While this merely appears to
corroborate earlier work with cattle (Mentis 1982; Hardy 1986; O'Reagain & Mentis
1890) this finding has not previously been extend:d to sheep. These results suggest that
species composition is not a major determinant of dietary quality on sourveld, However,
this finding must be treated with caution due to a limitation in experimental design.
As fistula samples were always collected at the beginning of a grazing period {Chapter
2}, it is likely that only the most palatable species were grazed at this stage {Chapter
4), possibly obscuring berween site-differences which may only have manifested
themselves later in the grazing period. Despite this, the similarity in the quality of
diets selected at the four sites is noteworthy, given the marked between-site
differences in species composition (Table 2.1).

In contrast to species composition, sward structure had a major effect on dietary
quality in both animals, with dietary CP and IVD being strongly related to sward
greenaess but negatively related to sward height and herbage mass. Where swards
became very stemmy, as at old lands camp, diev~ry quality also declined with increasing
stemminess. These findings corroborate conventional grazier wisdom as well as
published data from planted pastures, e.g. Hamilton et al. (1973). Nevertheless, this
study is probably the first to explicitly quantify the effect of sward structure on dietary
quality for any veld type in southern Africa. These results, and those reported above,
suggest that in sourveld, sward structure is of greater importarce in determining dietary
quality than species composition., A disappointing aspect of the study was, however,

that the sward height-dietary quality relation was not defined more precisely, as might
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have been expected from pasture cutting trials, e.g. Grieve and Osbourn (1965), This
aspect requires further investigation, possibly by clipping forage from single plants and
relating leaf quality to plant height on an individual tuft basis.

As is characteristic of sourveld, dietary guality showed an overall decline over
the grazing season and was also markedly higher in the year of the bure than in the
subsequent year. However, an unexpected trend was the sharp drop in dietary quality
associated with a short-term drought in mid-season, and its subsequent recovery when
soil mois. w: & levels were replenished. This trend is surprising, partly because it was not
associated with any visible decline in sward greenness, and partly because moderate
drought stress Is generally assumed to increase herbage quality {Wilson 1981) by
retarding growth and ageing. The present trend suggests that, contrarv to conventional
wisdom, soil moisture, nossibly through its effects on the availability of soil nutrients,
is an lmportant determinant of forage quality in these mesic sour grasslands. Sheep
generally selected a dlet of higher quality than cattle, as would be exoected from other
studies, ¢.g. Zeeman et al. (1984). However, on certain occasions on very tall, rank
swards the reverse occurred where cattie selected diets of higher digestibility than did
sheep. Although difficult to explain, these results cannot easily be dismissed as spuricus
as the phenomenon was repeated at all four experimental sites under the same
conditions. This discrepancy may possibly reflect the fact that by grazing at a
relatively lower level within the sward (Forbes 1982 cited by Grant e¢ al. 1985), sheep
may inadvertently have selected lower-quality material at the base of rank swards than
the cattle which tend to graze at a higher level (Forbes Joc. cit.) where new growth is
more likely fo occur. If so, this suggests that cattle have both a selective, as well as
a digestive, advantage in coping with tall, rank herbage.

Species composition and veld condition were also found to have no measurable
effect on the rate of DM intake in cattle and sheep. While the effect of spect~s
composition on DM intake has previously been addressed for cattle on sourveld” -
1982; Hardy 1986) and sweetveld (Danckwerts 1984), this aspect does not appear t. nave
been previously investigated for sheep. More importantly, the present study is probably
the first in sourveld, or in fact on any veld type in southern Africa, to attempt to gain
a mechanistic understanding of the process of DM intake by separating this variable into

its basic components of bite size, bite rate and grazing time. Nevertheless, certain
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shortcomings with the axperimental methodelogy require consideration. First, due to
variable recovery rates of fistula samples, a large component of experimental error was
associated with estimates of DM intake by cattle, poscibly abscuring any real between-
site differences which may have existed. Second, as with dietary quality, estimates of
intake rate were mede at tie beginning of the grazing period when animals would have
grazed only the most acceptable species available. Again, this possibly obscured
between-site differences in intake rate that may only have become evident over longer
time periods when animals were forced to graze the less-preferred species present in
the sward. Accordingly for cattle, and possibly also for sheep, these results cannot be
considered as a definitive test of the effects of specles composition on intake in
sourveld. This aspsct therefore requires furcher investigation using longer grazing
periods and, for catcle, a more reliable method of estimeting intake. Last, fasting
experimental animals prior to sampling probably resulted in exauggerated estimates of
intake rate, e.g. Greenwood and Demment {(1988), and these consequently require
adjustment to predict intake in animals at normal levels of satiation (Chapters 2 & 7).

Sward height had 2 major effect on intake rate in cattle and sheep but other
components of sward structure such as greenness and stemminess had no clear effect
on this variable. For both animals, intake rate increased two- to six- fold with
increasing sward height, reaching an asymptote or maximum at a height of 10-15 cm for
sheep and 20-25 cm for cattle. Given the magnitude of this sffect, these results
suggest that, despite the limitations of the present study, sward structure is a greater
determinant of intake rate than species composition on sourveld. While the above
results appear to merely corroborate the well-known effect of sward height on intake,
e.g. Hodgson (1981}, they nevertheless provide the first mechanistic quantification of
this relation on any veld type In southern Africa. However, contrary to current theory,
e.g. Laca et al, (1992), sward density appeared to have little effect on inteke rate in
cattle, while its effects on sheep intake rates were ambiguous. This is surprising but
probably reflects (i} the unreliability of estimates of herbage mass and hence herbage
density in the present study and (ii) the fact that herbage density was measured and
expressed on a sward rather than an individual species basis. Despite this, it is
suggested that, with the exception of short, post-burn regrowth, herbage density is

seldom likely to restrict intake on sourveld due to the inherently dense, generally non-
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stemmy nature .. most swards in this veld type (pers. chs.).
Two other observations in this section were also of interest. First, at some sites
a curvilinear functional response was observed for sheep which is a marked deviation
from the classic asymptotic response usually documented for unguiates, e.g. Spalinger
and Hobbs (1492}, This indicates the existence of a third, quality dimension to the
functional response that requires consideration on low-quality swards like sourveld.
Second, on occasion, sheep achieved intake rates far in excess of those expected from
sward structure alone. This suggests, in agreement with Qwen-Smith {1993), that the
observed mean values of the different parameters of foraging behaviour, in this instance
intake rate, seldom reflect the upper constraints to these variables experienced by the
animal. These observations emphasize the importance of other .actors such as the
physiological and metabelic state of the animal, as well as the trade-off beitween bite )
size and bite quality (Chapter 3) that control foraging behaviour. g
Cattle and sheep both followed a definite, almost identical, sequence of species
F | selection through the grazing period. Preferred species were defoliated first followed i
' by less-preferred species but avoided species were generally not consumed until the "
* majority of tillers of the preferred species had been defoliated and a considerable
proportion of these tillers regrazed. While this merely corroborates previous
observations for cattle {Daines 1980; Danckwerts et al. 1983; O'Reagain & Mentis
1989a), the present study appears to be the first to investigate and report this same

sequence for sheep. Theoretically, these results are important suggesting a general

order of specles seiection that should allow prediction of dietary selection under

conditions of rapidiy changing food availability., Practically, these results indicate the

&

potential degree and extent of defoliation likely to be imposed on species of different
o ' acceptability under different grazing systems. Unfortunately, the second objective of
relating the sequence of selection to changes in dietary quality and intake through the
grazing period was not achieved. In retrospect, this problem is probably of greater
complexity than initiaily believed and its successful resolution probably requires a far
: o greater intensity of sampling through the grazing period. This, nevertheless, remains
a worthwhile objective, essential for the fine scale prediction of animal performance
N in grazing systems or under conditions of rapidly changing herbage availability.

In general, the frequency with which individual tillers were defoliated over the
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grezing period was the same under both cattle and sheep grazing. However, sheep
consistently defoliated tillers at a lower height than did cattle. While the second point
is simply a quantification of conventional wisdom, the study nevertheless appears to be
the first published, direct comparison of the height and frequency of tiller defoliation
by cattle and sheep. However, a limitation of the resuits was that the frequency of
defoliation of tiller regrowth, considered to be & major cause of range degradation by
sheep, was not addressed.

Although there ware some significant between-species differences, the measured
rates of DM intake from different sourveld grasses were surprisingly similar. Depending
upon the species, intake rates ranged from 24 - 32 g.DM/min. for cattle and frorm 4 -
6.82 g.DM/min. for sheep. This suggests, in agreement with earlier results that, on
sourveld, intake rate is seldom likely to be limited by species compos’tion. Conversely,
it appears unlikely that potential intake rate per se is an Important factor in species
selection on this veld type. The present results are the only known attempt io
determine the potential rates of intake available from different sourveld grasses.
However, considering the conditions under which the study was conducted, intake rates
were probabiy higher than those normally achieved and consequently require adjustment
for predicting intake under field cenditions. Further, the range of plant heights used
in the experiment tended to be skewed towards taller plants, so gredictions of intake
at low plant heights should be used with caution.

There were large differences in the size of the digestible and indigestible
fractions present in different sourveld grasses and in their rate of degradation in the
rumen. Maljor seasonal differences in these variables were also evident with degradation
rates declining, and the indigestible fraction increasing, from spring through to winter.
These trends are not unexpected Nevertheless, the present results are the first to
explicitly quantify differences in the rumen degradation rates of different sourveld
species. As such, these data, in conjunction with the measured intake rates of different
species, are important and have the potentlal to provide a basis to predict animal
production over a wide variety of species compositions on sourveld. Further, present
estimates of digesiion and ingestion rates should enable the handling costs associated
with different species to be precisely quantified, which would allow the construction and

testing of an optimal foraging-basced model of species selection. A possible shortcoming
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in the experimental method was that milled rather than chewed samples were used
whichk may have eliminated any potential effect of leaf toughness on particie size and
hence degradation rate. Further, it was unfortunate that the effects of plant height and
leaf maturity on rumet degradation rates could not be investigated. Both the above

aspects deserve further study.

9.2 Synthesis

In the finsal stage of the study, the data collected were synthesised into a series of
simulation models aimed at elucidating the effect of factors such as species
composition, sward structure and season on potential animal production. The output
from these models serves as an appropriate synthesis of the overall findings of the study
and these are discussed below.

Dietary quality, through its effects on digestion rate, vras of greater importance
than the rate of DM inrestion in determining animal production on scurveld. With the
exception of the shortest and/or highest quality swards, potential rates of DM intake
for both cattle and sheep far exceeded potential digestion rates in the rumen. Even
where intake rates were very low, it would appear that feirly moderate increases in
grazing time would be sufficient to increase intake to the limits set by digestive
capacity. Assuming a set ratic of rumen contents:body mass for cattle and sheep, the
importance of dietary quality relative to intake rate increased as the grazing season
progressed, due to the seasonal decline in herbage quality. The relative importance of
dietary quality was also greater for sheep compared to cattle, as would be expected for
an animal of smaller body size.

Specles composition was found to have a major effect on predicted animal
production, mainly due to the large differences in quality (specifically the rate and
extent of digestion) between constituent grass species. This conflicts directly with the
earlier finding {Chapter 2} that species compesition has no apparent effect on dietary
quslity in sourveld. However, this discrepancy is easily resolved if it is considered that
(i) fistula samples were collected when animals were probably selecting the most
acceptable specles at each site, (ii) recorded differences in leaf quality between the
more acceptable species at the different sites were not major, e.g. T, triandra vs, T.

leucothrix, and, most importantly, {iii) the digestion rates of these fistula samples were
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not considered in the original data analysis (Chapter 2}, In this regard it is significant
that the apparently small between-site differences in quality recorded here, translated
into major differences in predicted animal production over the growing season. Species
composition therefore appears to be important in sourveid because the iriiherent quality
and relative abundance of the species present ultimately fix the potential dietary
yality available to the animal, gnd the extent to which this quality can be maintained
through the grazing period.

Species with the highest predicied potential to support animal production were
not necessarily those conventionally rated the highest in terms of their forage factars,
e.g. H, hirta (see Danckwerts 1987). Similarly, there was ounly partial agreement
between the ranking of experimental sites based on veld condition score and that based
on predicted animal production (based on measured estimates of dietary quality and
intake}. Significantly, the ranking of different sites, in terms of predicted animal
production, varied markedly between cattle and sheep.

As expected, sward structure (specifically sward height, greenness, and to a
lesser extent, stemminess) was also found to be wn important determinant of animal
prodution through its effects on dietary quality and intake. Optirmmm sward beights
for animsa! production were 6 - 8 cm for sheep and 10 - 12 cm for cattle, hut these
varied between sites aud were therefore dependent upon species composition. These
optimum heights would also be expected to vary over the season, becoming progressively
fower through the grazing season as the digesiive constraint on intake increased.
Although the relative importance of sward height and species composition is difficult
to ascertain, predicted production appeared to be more sensitive to the former variable
below the optimum height while species composition appeared to be more important
above this optimum.

On the basis of the above, it therefore appears that, while it is simple to identify
sites where animal production will be poor, e.g. those dorninated by low quality and/or
unpalatable species like E, plana or E. muticus, there appears to be no single optimum
species composition where animal preduction will always be maximised on sourveld.
This is due to a number of reasons. First, the optimum species cornposition is
conditional upon the animal species and, probably, even the size and metabolic status

of the animal involved. This r~flects the interaction between the availability and
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quality of material at a site and the particular digestive and foraging constraints under
which aniinals of differeut body size must operate, e.g. Hanley (1982). Second, the
optimum species composition is likely to vary between seasons wita, for example, M.
hirta swards possibly giving the highest predicted animal production i2 summer and 7.
triandra-dominated swards giving the highest production in winter. Lastly, the optimum
species composition is also likely to be dependent upo: grazier objectives in terms of
whether to maximise summer mass gains, minimise winter mass loss or achieve a
combination of both. In this respect, the commercial graziers' fundamental objective
of maximising animal production compared to the communal graziers' objective of
maximising total grazing capacity, may in fact be mutually exclusive in terms of species
composition.

Similarly, while it is easy to iden.ify sward structures where animal production
will obviously be poor, ¢.g. very short or very rank swards, there is no optimum sward
structure where animal production will always be maximised. Again, the optimum sward
structure will vary between cattle and sheep and, possibly, also between different ages
and classes of animals as well as being dependent upon operator objectives, e.g.
maximising individual compared to total animal production. T e optimum sward
structure will also vary with season, with the sward height at which animal production
is maximised becoming progressively lower as herbage quality declines through the
grazing season. An interaction between species composition and sward structure
was alsc evident with the optimum sward height for animal production varying with
species composition {Chapter 7). Conversely, the species composition where animal
production was maximised was conditional upon sward structure with predic °
production being highest at certain sites on short swards while production was highest
gt other sites on taller swards.

The present work therefore suggests thai the conventional assumption that there
exists a single absolute index of the potential value of rangeland for livestock in terms
of species compnsition, e.g. Tainton (1986), or sward structure is erronecus. Thus while
it is relatively simple to define conditions on sourveld where animal production will be
poor, it appears that no single, universally coptimal sward structure or species
composition can be identified where animal production will always be maximised. Any

optirnum will be conditional on the interaction between species composition and sward
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structure as well as assumptions about the season in which the site is being grazed, the
type and class of anifnal involved and the fundamental inanagement objectives of thz
grazier. Attempting to define these optima without precisely specifying these factors
and conditions, as has been done with conventional methods of scoring veld condition,
1s misleading and is unlikely to provide a reliabie index of the potential eof a site t{o

support animal production.

9.3 Management recommendations

It is essential that graziers recognir : the overwhelming importance of dietary yuality
for animal production on sourveld. Howover, of the factors affecting berbage guality,
only zpecies composition, sward structure and fire are under the direct or indirect
coutrol of the grazier, and therefore amenable to management.,

It is obvious that a species composition with a large proportion of palatable, high-
quality species should be maintained or set as an important management objective,
while any increase in the abundance of low-guality and/or unpalatable species such as
E. plana or E, muticus should be avoided. The presznt models clearly show that any
increase in the latfer species will result in a direct decrease in animal preduction
(Chapter 7) and hence in financial returns to the grazier.

In contrast to current theory, it should be re.;, '~ that secondury grasslands
dominated by H. hirta are a potentially valua. = -wrce of high-quality fodder,
especially during the early growing season, and should be managed accordingly. As
observed in the present study (Appendix Table 1.3), these swards can be prevented from
becoining excessively stemnmy through the use of fire followed by moderate grazing in
October or November to remove stermn apices and prevent the elongation of flowering
culms (pers. obs.).

‘The favourable degradation characteristics of C. dactylon in the rumen {Chapter
6}, also suggest that areas of localised ‘degradation’ dominated by this species (Mentis
1981; Danckwerts 1989) around gates and water points are likely to be important: rces
of highk quality forage in sourveld. Their nutritional significance is illustrated by
observations on other experiments (pers. obs.) that, when animals enter a new camp,
they greedily consume g1l herbage in these and other sites of nutrient concentration, e.g

termitaria, before starting to graze the rest of the paddock.
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In terms of structure, grazing management during the growing season should aim

|
at maintaining a green, actively-growing sward, at a height where dietary quality and _ | L
intake rate are optimised. In this respect, given the strong niegative relation between ! :
dictary quelity and the number of 'growing days' between grazings (Chapter 2), the
recommended period of absence from a paddock of sixty to ninety days (Grenfell 1991) .
is probably excessive, at least in ter:ns of optimising animal production. o j
Similarly, in contrast to current blanket recommendations that sourveld be i
grazed at heights of between 10 to & cm, e.g. Tainton (1987), sward heights should be ,
about 6-8 ci: for sheep and 10-12 cm for cattle during the grow! g season. However, - “ i
these optimunt heights will become lower as the season progresses due to the increasing
conseraint of digestion on intake rate. As these helghts vary for cattle and sheep it is
suggested that these animals follow each other in the grazing retation rather than being
grazed together, as is usually done. Here, a leader:follower systern could be applied
_ with cattle conditicning the sward “or sheep which would follow, after a short period
F | {2-3 weeks depending on rainfall}, onto the short, even regrowth. Cattle would then
return to the pasture when herbage had regrown to a sufficient height for their
s requirements.
Fire is an gbvious management tool to obtair a nutritious sward and has been
used to this end for centuries. However, the magnitude and duration of this effect
{Chapter 2) should be recognised and burnt areas chould logically be grazed by stock
with the highest nutritional requirements, e.g. young and/or lactating animals, while
being kept at an optimal sward structure for as long as possible in order to maximise

the duration of its effect on forage quality. Based on the experience of leading graziers
:“h

in the Dohne Sourveld (W.G. Hartley pers. comml; W.]. Perks pers. -:.ornm.Z),

previcusly burnt veld cannot be maintained at a height where animal production is

maximised if the recoms:;cndation that swards be allowed to grow out to 10 - 15 cm s
: before grazing, e.g. Troiiope (1984}, is adhered to. _
Last, the grazing philosophy applied must refiect the seasonal availability of ‘.
O quality to the grazing animal. Thus, on the basis of the present study, current .
N 1'Elvadell’,PO Box 232, Stutterhelm, 4930,

2'Braemar', PO Box 125, Cathcart, 5310.
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recommendations that sourveld be lightly grazed in the early season but heavily
defoliated as quality declines in the late sezson 'in order to increase intake' {Daines
1976; Barnes 1989), cannot be supported. First, lenient, selective grazing early in the
season will allow the less-preferred species present £o grow out and become moribund
and decline even further in guality and acceptability. Second, as the relative
importance of quality increases through the season, animals should be allowed to be as
selective as possible in order to maximise dietary quality in the late season. Therefore,
in contrast to current recommendations (Barnes 1989), it is suggested that swards be
kept reasonably short and uniformly grazed up until the mid-growing .eason {January-
Februsary) but only lightly grazed thereafter. However, swards should still be grazed
down in winter with the aid of rumen-stimulating licks so as to minimise the carry-over

of dead material into the next season.

9.4 Directions for future research

The present study points to a number of areas of future research that are important if
better predictive and conceptual models of animal production on sourveld are to be
constructed and their successful integration with menagement guldelines for the
sustainable use of this resource is to be achieved.

First, the present study focused on the effects of spacies composition on
individual animal production but did not attempt to acddress carrying capacity, which
remains an important issue. While the concept of an average long-term carrying
capacity for any area remains debatable, graziers nevertheless expect rangeland
scientists to provide estimaces of the upper and lower bounds to the potential grazing
capacity of a property. The relation between species composition and carrying capacity
needs to be addressed in terms of the potential of different grass species to produce
grazeable herbage, the interaction between production and soil maistvre and nutrients,
and the production response of these species to the freguency and intensity of
defoliation.

Second, while the present study determined the nutritional quality of different
species, it is unclear how forage quality is affected by basic edaphic and microclimatic
factors. Hence, the extent to which the present resuits can be extrapolated co different

sourveld areas or positions on the Jandscape catena Is obscure. The effects of
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environmental factors such as soil fertility, soil muoisture, soll texture, aspect and
catenasl position on quality therefore require investigation. This would allow basic data
on species quality to be adjusted for any aren in the sourveld or any site within that
landscape, facilitating the prediction of forage quality at almost any spatial scale in
sourveld.

Third, given the restricted availability of nutrients en most sourveld soils
nutrient cycling is likely to be of major importance for herbage quality and hence
animal production. It i therefore suggested that the effects of sward structure and
grazing management on nutrient cyciing, specifically N, be investigated. Models of N-
cycling on rangeland {(Holland et al. 1992) Indicate a strong interaction between grozing
intensity and the rate of N-turnover and the extent of N-iinmobilisation and availability
to the plant. Unfortunately, aside from the work reported at Frankenwald {Roux 1269),
this aspect appears to have been all but ignored on South African rangelands.

Fourth, the: observation that sheep were, on occasion, capable of achleving far
higher rates of intake than would be expected on the basis of sward structure alone
{Chapter 3}, suggests that the effect of other factors such as the physical and metabolic
state of the animal on ingestive behaviour and dietary selection, need to be examined.
The poeint of particular interest is the effect of the 'state' of the aanimal {sensy Mangel
and Clark (1986)) on the degree to which dietary quality and intake are traded off
against one another, While this aspect has received some attention, e.g. Greenwood and
Demment (1988); Parsons et al. (1994}, the high quality, homogeneous swards on which
their work was conducted limits its relevance to the present rangeland conditions.

Fifth, predicted snimal production was found to be extremely sensitive to rumen
capacity in all models. In the absence of quantitative data, the interaction between this
variable and dietary quality on sourveld needs to be urgentiy addressed.

Last, in terms of suztainability, it is vital that the effects of sward structure on
species composition be 1 estigated in terms of the tuft mortality, seed production,
recruitment and, ultlmately, population demography of different species. Certainsward
structures, while maximising animal production, could conceivably lead to adverse
changes in species ~omposition and would not be sustainable in the long term.

Once the above issues have been addressed, existing growth models, e.g. PUTU

{Fouché 1992}, could be expanded and calibrated to predict the amount and quality of
P

e B Nt . W




.-(;

155

herbage that may be expected under a given set of environmental conditions in souwrveld.
At the samne time, existing animal production models will have to be expanded, or new
ones developed, to predict dietary selection and ingestive behaviour in these
environments, while taking into account the effect of the animals' physical and
metabolic state on its foraging behaviour. Coupling these models, along with a basic
model of vegetation dynamics on this veld type, should allow the response of plants and
their ungulate grazers to be predicted vnder a wide variety of management and

environmental conditions.
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APPENDIX 1 ';:ff‘.‘.
Abbreviations
ROT = block code, i.e. mean grazing frequency in weeks J
DAY = days since 1 October 1
CP = crude protein _ l'
IVD = in vitro digestibility d
MRT = mean retention time | 1]E
G.TIME = daily grazing time JL
B.SIZE = bite size §:
B.RATE = bite rate " :
LRATE = intake rate :

HMASS = herbage mass
HDENS = herbage density
PHT = plant height

LTH = leaf table height

ST = stemininess

GR = greenness

AA = Andropogon appendiculatus
AS = Alloteropsis semiglata

EP = Eragrostis plana

HC = Heteropogon contortus

HH = syparrhenia hirta

SW = "sward'

TL = Tristachya leucothrix

TT = Themeda triandra

e.g, TTPHT = T. triandra plant height
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APPENDHX TABLE 1.1

BUSH CAMP- YEAR 1
CATILE SHEEP
AOT DAY CP WP WRT B.&7E BRATE LAATE GTIME  CB WD MRT D.RATE HMASS HDENS TIPHT TILTH TIST TTGR AAPHT AALTH AAST AAGR TLPHT TLLTH TL8T TiGH
Q) 0% @) ) Gmin) (gimin) fmin) (X)) (%) () {bmin) Gg/he) (giemd) fom) fem)  fem)  (03) (08) (em)  jemd @5 @8 _fom) _ éem) (05
3 23 .80 89.9% . o114 &4.54 733 . 10.56 o1.E5 . 8713 & 000153 2.04 4,48 0.00 5.00 16.00 5.50 9.60 $5.00 815 5.00 0.00 8.00
5 a3 . BEOE 8 0230 53T JAsE T2 1221 L7 1570 GLs.os 365 000206 AM4 482 00D 490 1223 680 000 500 050 Too M AN
! B &7 920 5838 175 04829 SEB8  1ATS . 543 G144 K227 1000 OO0183 1104 612 000 4850 1300 800 000 490 1Za0 800 084 4N
C 3 95 939 5809 169 0126 G890  B.44 . 825 584G 1640  S4.44 Ba5 000148 956 464 008 406 1289 658 GO0 492 A7 &8 Q00 470
( - 11 102 7.08 53.80 198 0.25%5 5.8 13.53 48T [ 1.0 5345 14.90¢ 4895 1319 000188 1590 T8 o V8 nm 1148 0.8 ATE 13,90 847 o042 4.14
-t 5 192 07 5930 . 0228 ET85 1527 743 915 5757 . 8073 789 000138 1110 580 000 435 1288 90 000 439 S Sz 000 428
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& 256 281 ATA9 . 0259 5980 1539 . 466 581 . BLID 519 000273 1348 594 0.00 159 1627 .73 0.00 2.0 o.49 485 0.00 123
5 282 381 A8ET . 0217 070 1343 . 487 X158 . 8030 1260 000272 1143 484 000 190 256 502 ODd 172 AS7T 343 oo 2410
a 278 . 4158 . 0273 5580 1519 . . 4539 . 5500 A55 00085 1137 48T 003 134 1290 548 050 L15 6% 353 000 047
20 319 . J3.68 23 0.280 4220 1223 . - - 20.90 55.00 1829 G.00189 1980 [ X > 0.00 .12 22,09 10.52 0.05 0.40 JE.8T 568 000 o.01
BUSH CAMP YEAR 2 (1991-1982}
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5 50 a08 8345 . 03257 5820 1502 . B850 B8E0 145 B5ES0 1165 GOOITA 1411 854 086 474 1239 856 010 483 323 fez 020 483
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P20 179 B3 455 188 038%F 5320 1940 . 510 T4 . NTNS 2385 000208 227 1180 005 384 233 1545 046 408 1E9F N74 04 AN
i M o218 40 4485 . D385 8040 2205 . 497 4883 . GRE0 Y762 000205 Y734 858 000 398 2348 1202 02 ARl 104 522 Q02 3320
[ B 20 888 4ATA9 - 0291 S450 1387 . 488 5035 . 8590 1280 Q000218 10880 5B 000 345 1500 T4 O 35T E15 384 000 28
i 2% 358 4707 . 0382 514C 1970 474 248 48,10 . BT40 1997 000294 18T B33 008 T7C 2567 1220 A6 277 1437 s82 004 LI
3 62 385 4220 . 0307 3268 1823 481 551 51.84 . ezat 8 00191 933 4¥6 000 215 1ATA 603 000 235 775 385 000 A1)
: 2207 328 4694 . 0305 5154 1580 39 ASE  4T.DS . S499 1000 Q00218 8B A58 000 038 050 SS8 002 079 T20 A 000 029
-t
sk
=]
en

14 e ek Pl R ke s o o s 4 me de B e e e+ o e . e e B R




APPENDIX TABLE 1.2

ERAGHROSTIS CAMP- YEAR 1 (1090-1991)

cp WD MRY B.SIZE B.RATE LRATE G.TME cp L)) MAT B.AATE HMASS HDENS TTPHT TILTH TVST TTGR EFPHT EPLTH EPAT EPGR  SWPHTY SWLTH SWST Svud

%) [ I )] {g)___ {bimin} {gimin) (min.) %) %} () (mind (giha) (gizmd)  femi fom) fem) 9-5) -5} (cmp foe) {05y (-5}  {cm) fom}__ {0-5)
. 000080 700 345 OO0 BOO 856 000 500 1090 494 00 500

g
5

1 CATTLE SHEEP
1

ERAGROSTIS CAMP- YEAR 2 {1991-1932)

3 24 . 6304 . OfI8 5730 675  5%C 1143 €506 85.07 212 15,70
5 38 253 SO0OE 168 008 6491 688 TM . 8338 187 &4 A1 000178 B8.00 400 0.0 580 2096 a.57 .00 500 1250 793 01 4N
a 42 sBmg  B08S . . . . . 1005 &3.00 . . 312 00009 700 348 00 500 1570 €58 000 500 1090 4 00 EoS
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j 16 14 LT 6165 . 08851 4991 2300 . 270 6378 4461 2550 000228 2408 1128 (1] 432 N0 8A2 C.90 a0 2232 266 01 ASY
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. 3 200 775 S48 213 D271 GI2E 1678 599 002 S0.24 184  S1,88 1674 000298 1435 Be2 0.0 . Imio 10480 1,14 as 100 500 00 4
TP e . SO0 R3% 053 4320 2292 a9e 583 5405 23T 51,80 M9 D.00AS? 1580 735 00 & e 172 1.20 ez e gg2 00 324
I 1 2en 485 43" 234 0461 BIBO 2276 470 552 8303 236 5370 2107 000258  20.24 B12 00 276 2050 1182 1.78 5 1570 78 G0 280
A B 254 453 272 - 0340 430 MET 510 496 5494 . 2230 1919 000254 1590 €52 00 248 2438 1022 212 220 1180 860 00 302
1 5 20 31%  50.24 . 0251 4310 1083 . 474 Sa4y . 8710 1885  D.O0D40 1238 4% 0.0 231 2082 9.2 573 192 1007 493 00 289
! 3 2 . Ak84 . Q340 910 872 . 492 . . BT50 1379 0.00394 0,61 350 0.0 185 278 7.20 0.04 0.39 8,52 322 041 098

|

_ 3 4 932 80,59 . 0257 6380 16,95 B .14 6209 . T 1334 DL0310 L XYL 437 2] 442 115 a1a 0.44 4.22 . . . .
o | B 43 853 s1 . 0371 5810 2238 409 T9 8678 208 5770 1810 000188 1661 8.07 08 487 MWA2 1104 0.02 463 W 18 82 485
: - L) 718 #1485 . 0204 3220 1224 " 542 8300 . S040 2431 000313 1155 .31 0.0 472 %73 1810 0.02 455 20467 9.53 0.0 AST
=1 3 hll 856 #5288 . 02 482 2001 « 6322 5313 19T 408 1343 000242 1520 5,56 0.0 413 DM 239 022 382 188 aw g0 A4S
L) 147 . 3303 . 0385 5187 2003 49 . B8AS . A8 1865 000241 1982 773 8.0 408 2207 1.9 0.22 463 24495 1104 63 42

2 1 580 4889 . 0250 5200 1305 472 505 4250 177 200 2976 000184 JiAS 1788 &1 36T N 1520 212 49 234 1T o4 .87

¢ 8 213 728 5187 - 0047 6020 2055 8aM 744 5418 . 120 1825 000323 1140 558 o0 421 78 1288 026 2450 1828 $.86 a1 41

! L 392  MsT2 . 0372 4380 1310 454 473 5207 - 5080 242 000257 22,68 .44 00 3858 VAT 1284 o.ar 288 2580 124 a1 347

l 8 M 236 a2 . 0474 5080 7409 30 452 M.70 . 5400 2222 DOC213 2143 1008 8.0 2088 8427 1308 .92 198 2038 1018 .o 326

i 3 283 2481 4500 » 0300 4855  taB:  4ei 487 £225 8388 482  0.00383 9.7¢ 342 8.0 2 1N 707 0.4 o8 1082 4.0 ot 119
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APPENDIX 1G
cLh
-3 OLD LANDS CAMP- YEAR 1 (1990-1591)
s CATTLE SHEEP

ROT DAYS cP WD MAT BIIZE B.RATE LRATE G.TIME cP Ivo MRT BRATE HMASS HDENS HHPHT HHLTH HHET HHGR HCPHT HOLTH HCST HCGR IWPHT SWLTH 3SWST SWGR

%} (%) (% (@) (bimin) (giemin} (min) %) (%) (M  (b/min) (kgibe) fglemd) (cm) = (em) (0-5) (95 m " e m 5

? "m.u 88,84 . 0244 BATS 132C 835 1241 &8585 . 5o 000103 1320 506 0.00 3.00 8,00 000 500 1416 s 000 490
i
b
L
!

[ .
= OO - AR L
-l

743 5658 . 5080 2506 900227 2246 11,02 353 349 18.06 824 Q.02 405 2200 1100 Of2 390
724 6257 1850 5227 1582 o002 1572 712 333 353  12a 584 LAL a0 19 276 oA 379

S4T BA3T 1946 0281 5014 184
e78 5077 « 0408 5771 213.82

g2

25 520 509
33 1280 BAST . . . . . 12,97 8500 . . 520 (00103 1328 308 000 500 BOG 500 000 500 1418 G696 000 480
45 1014 5743 161 6401 5323 541 &5 1127 sD.84 1570 5578 500 000058 1553 644 000 450 1000 800 050 A 1340 671 008 48D
88 791 &D8E 18% D147  S481 8,02 . 720 83,22 1580 8070 900 000088 1668 0,10 002 480 1200 G50 050 480 1543 704 008 A0
9 32% 56472 184 0.281 5T.7T4 15.1% N .54 8145 1670 83.10 523 0,0007% 14,13 T3 .42 470 10.00 500 .50 4,80 13.50 4.00 c.05 4.80
¢ 1 103 7i3 B3BS 185 0514 ABTE 25,08 . 839 5520 1550 4903 1218 000124 1788 682 080 432 9228 VA4 080 482 2200 1100 OF5 470
. 923 1006 5585 . 0358 5856 2015 . 9.60 84.90 . 5850 1250 0.001L 15,14 686 182 443 0.4 654 006 480 1380 S0 036 A4S
M 99  53I3 . 0350 5438 213 . .07 8297 . AS99 1296 000140 -T2 920 2357 9387 1106 720 000 424 2203 TIS0 O1F AP
i 148 . 8000 167 D431 5165 2298 . 881 6276 1560 4383 1832 00012, Q742 1471 Z0E 545 1458 1023 004 263 2045 vl &30 427
78 AT BASE 7 0374 ABAK TS0 ToB 1025 4208 1820 A7.37 3303 000174 2280 1894 384 371 1720 1071 002 420 2553 1349 3 AR
B79
542

£#08 635 4498 . D421 5422 _a87 855 5391 1550 BLTE 1012 DOMSE 1265 855 298 345 1264 gz8 G4 385 1894 758 012 355

1 240 334 5233 206 0459 4570 A1 M5 523 EF495 1820 4790 2159  O00TR1 2408 308 202 138 14 | X0 0,00 248 1941 76 030 298

1 245 263 47.68 . 0538 1980 2133 . 581 5151 . AB20 A8 000184 2AIS 1228 433 074 B2t 1088 0.00 245 2218 1044 G048 30

& Z53 290 12 « Q295 BT.OD 1584 525 353 009 -« 4580 2157 000280 20.7% 831 328 ors 1527 7.50 o nre 2008 770 028 174

5 281 . ARE . 0A33 4870 1633 465 . 3968 2120 8170 w5 000165 204 558 180 203 10.48 522 o.0n 182 1587 &8s o022 172

3 2 M T 5] . 0188 6280 8.AN  AxO . 4015 2140 5820 as4  Q.00180 3341 851 295 068 1143 824 0.08 213 1T .03 oMz 07

20 332 261 3138 0254 5140 1403 . 550 4029 . BI50 3094 000383 2284 852  ADS 037 1328 s08 0,00 130 1802 s96 0a8 128

CLD LANDS CAMP- YEAR 2 {1991-1992)

3 30 887 §ABS . D283 830 2098 388 Gal 6823 . 8500 128 000991 1528 475 13D 411 9,98 8156  3.02 417 14T s02 049 453

B 50 1605 8230 . DAOO 205 1A6T 8555 a3z et . 5054 1434 000175 2073 83 170 441 133 589 1.54 4ars 1782 723 036 AR

a 74 6080 5388 . 0420 5810 1849 504 819 82483 . 4250 2707  OO0MA3 TS0 1480 216 404 1810 8eE 0.4 48T 2002 r39 026 482

1 119 £90 5283 . 0308 H089  IBTZ 430 852 4980 . Bt 2082 000172 3040 5682 332 L0 A 1] als 050 381 2552 2.9 014 388

a3 135 719 3a84 . 0218 5694 1231 A%E Th4 S04 . 5830 1248 000187 1334 857 158 380 1187 553 0.02 429 1828 TA-  O04 437

a 138 800 Si84 172 0317 5.7 19.04 . 815 BL22 . A2 16T7 040192 1598 @80 238 64 1274 675 o402 45 1713 789 022 ABS
18 183 88 AEAT7 182 0244 3810 1370 48T 735 5541 . 3892 4092 000224 3129 828 3eB 281 1825 1478 032 ST 2251 1154 024 AW
20 127 442 4a9 v 0355 495C 1780 . 528 4DAS 1450 35480 2331 000414 3283 2054 3 253 1708 1143 0.2 a7s 2032 1472 OM 48

: . 225 408 410 . 038 4710 1708 . 482 ] . 8540 1355 00082 1643 THM 212 an 9.8 420 000 349 1445 511 b0 252
M1 2 54 a5 . 0385 5080 i8530 587 411 5241 . 4830 2888 000171 A28 1582 380 245 1488 742 096 247 2316 1029 008 210
s 20 218 4500 . 0200 ATS0 1436 500 418 52487 . 4840 2318 000128 2984 1800 388 art 1892 8.20 0.24 249 2083 840 o12 291

3 284 267 N . G303 4347 1470 341 383 5104 . 5310 1307 0.0028% 0.88 498 124 . 9.5 5.85 0.0 21¢ 1505 512 008 152

_ s, 28 308 A698 . B349 3982 139 . 282 5058 »  S143 1530 DooiEd 1808 243 248 s 1048 547 042 NAT 1434 &25 08n0 07
R | ) 197 4880 . D258 2905 16,03 . 1.3 4538 . 4312 2185 200187 AT 1312 388 arTE 1048 o 0.30 075 2145 174 GOB DA
2 s 348 4288 . D425 4280 1811 453 487 48s8 . ALES 4385 00021 3281 1896 ATR 050 2,08 1292 .38 158 264 1942 o004 150
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APPENDIX TABLE 1.4
SHEEP SHED CAMP- YEAR 1 {199G-19511

; CATTLE SHEER

y AOT DAYS cP o MAT P.BZE RB.RATE LAATE G.TIME CP VD MRT B.AATE HM/8S8 HOENSE TLPHT TLLH H NGR AAFHT AALTH AAST AAGH ASPHT ASLTH ASST ASGR
%} %) ih) {gk /min) _dgimin}  {min} %) %) (h) __ ®imin) eghe)  lgiem3) {em) fom: -5 {05 fem} fem} o5 {05y {em} fcmy (0% _ {O:5)
3 23 1262 8382 A5 0.6 B517 1387 547 1239 659548 .10 COA7 5a2 oro0sa 1318 523 200 5060 1400 .06 0.00 500 $1.00 €00 000 5HOD
3 az . 0982 . . . . . 215 B - . 5682 000068 13,13 a24 SO0 583 1400 .00 808 500 1.0 g0¢ GO0 500
5 ] L ) 205 53A2 7 0264 5300 1402 480 1005 &674 . A5D0 1154 000133  25.51 870 L4 490 150 9.00 0,80 500 13.00 760 000 500
! a &5 7.22 S8.86 - 4297 4940 1470 B70 74T s04a7 . 45.58 1223 00016 22,32 783 064 4850 1800 10.00 L1 K .00 1500 Bo¢ GO0 500
l: 3 a5 8.25 62.86 . a,q7 52.94 224 - ABG B4.81 . 55.00 1053 0.0Gew2 2.8% 525 0.00 4.08 1423 S22 209 4.86 11,44 864 0.00 452
( : f 11 101 5.4 5093 1t 62586 53.10 20.50 aF &1 S491 1630 48.54 1250 0.00153 14.82 818 00 4.50 1949 12,77 1.58 4,16 19.65 1148 000 488
" -3 1253 T.58 55.64 . Q182 £3.10 1028 540 8.03 B3.06 . Bi.05 0 0.00140 11,84 B.73 o.ca £23 15.44 .20 000 &£.78 14,04 G54 0.54 .57
a 135 12.58 6518 17.5 D374 6130 2282 £16 9.54 85.33 . 45.95 111 iizs j4.74 25 Gis 8,42 2815 15.10 Q.02 478 16.85 190.72 022 443
16 "2 &61 5126 t84 0584 5085 2963 . 767 G065 . 058 2000 oNe173 1596 1154 O.18 5362 2990 1766 0.04 401 {065 1328 035 396
20 170 1130 82482 185 Q228 5585 1257 . 9A2 G247 1850 AnS4 38 000175  20.82 3338 000 405 3350 2124 a0z 452 2130 1355 o388 380
a 190 838 82,58 16.9 n,21% 62.19 1253 . a2t 8404 1750 aros 2205 0002092 1425 T8 O.00 3557 J31.64 1a.32 0.02 4,28 18.45 11.22 0.24 a7
5 R &55 3.28 1e B88C3 3858 43.67 L 763 6174 1450 £8.59 15249 0,002385 1552 814 0.00 380 288 15.68 0.00 401 $9.00 1148 008 A04
3 198 6.25 58.64 TBS g2 6593 1923 244 M 8% 1850 60.57 1867 006275 1148 B8 000 369 19.31 .58 a9.0¢ 2.89 15,68 2.00 002 394
16 233 485 TS - o448 57.00 25.50 &8 4.54 52684 11520 52.00 2489 0.00317 1503 T.BE  0.00 asr 2972 1878 D24 3,45 $9.30 12.00 0,36 333
11 247 459 4553 234 D248 5510 1383 &70 A4.08 5211 15.10 53.00 2388 0,00342 1204 595 0.00 .73 2201 12008 0.02 228 1830 tn4g 004 5 s
] 254 . ASL0 - 0132 5280 8Lz . 487 5180 . B55.00 1867 o033 1004 5480 0.00 156 1985 16.I1% .00 20% 1485 asr 002 238
5 283 300 4351 . £.208 56,496 1.4 . 481 51.5¢ - 53.60 1336 0.00260 878 514 000 1.87 20.54 10.2- o.00 300 15.98 8.52 0.00 2.2
3 284 . 42,34 0172 58.60 10.1¢ - - 47468 - 80.50 151 0.00:5T T.50 232 O.00 a.49 1343 523 0,08 1.67 1224 658 000 248
20 295 - 49 219 4995 £8.20 14.20 - - 40.60 2030 40.70 2673 0.00397 14.87 &4 002 923 T3 12,52 610 a£0 2074 1928 008 1.£5
SHEEP SHED CAMD- YEAR 2 {1994-1992)

a 22 985 82,36 - 0297 7280 2180 485 10,12 6244 » 5810 ™mies 0,0024% 862 481 002 438 1450 148 .00 4,61 119 322 000 424
5 45 10,90 &543 «  L88  s280 1107 . 9.53 6828 . Seo 1554 000183 1445 839 S8 AES 2457 14,08 0.44 481 16481 1086 000 48
a To 817 54T . 0280 &840 18.04 480 7.58 6081 . 4359 135 000188 1731 204 038 482 2934 1536 1.10 404 2228 1346 0.0 462
3 108 6.8 5418 . 0370 5720 9.78 N 720 5598 . 4250 1987 o0oiss 2187 262 028 409 3340 1812 [ %] 411 2556 1606 002 412
3 137 838 5535 . ©282 SB572 15850 . 222 S7.13 1420 o405 1288 o.00as X ] 443 O £08 1571 T.08 0.02 459 1348 722 902 432
] 155 w8z 4730 173 0198 GidSE i2.28 . T2 5132 . 85553 1557 000230 1598 BS3 0.0 401 24 1880 018 442 1983 1030 912 423
16 157 5.1 #6508 1786 0448 570 2580 S28 537 50,31 . s a1 G001 2016 1108 Q10 338 3588 2096 a.22 an BSOS tsad 002 3T
bk 158 4.5 43.0% - 0284 [ =% 1795 - 588 55.58 . 43.51 1798 D.00221% is02 a33  b.oo G 3190 17.98 oA4 4,12 22.70 1388 0.00 .90
20 178 3.9 4£21 174 A4 54,78 2431 - 572 49.85 . A4.50 314 0.00030 1997 10.47 05 3.8 aman 18,94 G12 £.0% 23.58 14.84 ON0 a28
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APPENDIX TABLE 1.5
SCALE DATA - BLUSH CAMP
EHEEP
DATE LBRATE IBM BSIZE BRATE HMASS HDENS TIPHT TILTH TTST TIGR AAPHT AALTH AAST AAGR TLPHT TLLTH TLST TLGR
o/min) __ (g/m./zg) {9)  (b/mir) (kg/hw) (g/cm3) {em) (em) (cm) (05 {05 (em) {om} (08) (08 _(em) (cm} _ {0-5)
13.10.92 245 0.080 D.047 62.98 200  0.00080 7.30 373 0.00 500 838 410 0.00 5.00 573 3.8 0.00 3.18
23,10.92 4.08 0.110 0.075 54.45 250  0.00078 800 447 800 500 1095 5.7 90¢ 500 6,57 349 0.08 349
13.11.92 5.40 0.140 0.084 64,30 450  0.00094 B.85 477 0.00 500 1343 7.09 000 5.0 6.83 370 0.00 3.70
18.02.52 ‘6.84 0.150 0.116 56.88 766 000132 1128 §.79 6.00 824 1273 6.15 0.00 3.24 . . . .
25.02.83 5.55 0110 0.092 60.29 757 000112 1258 8.75 000 340 1494 8.10 000 318 . . .
0203.92 438 0.084 0.085 51.69 1028 000108 19.10 8.49 808 3.8 2183 1118 600 321 {536 8.74 o42 8.74
07.04.93 4,63 0.088 o112 41,41 98 000083 1844 8.22 00 400 2280 1351 6.08 407 119 £.60 2.00 8.80
08.04.93 4,52 0.086 0.076 g9.81 745  0.00172 9.42 453 0.00 393 1168 536 002 413 BAS 2.80 0.00 3.80
+4,04,93 4.67 0.091 0.105 4443 1584 000181 17.7% 9.83 Do 378 23.08 1257 0.04 a8t 1279 7.02 0.00 7.03
05,0593 4.40 0,085 0.088 4596 879 0.00113 1558 1.77 000 333 1947 9,80 002 374 1083 4.82 o.00 482
08.05.93 5.88 0.118 0,083 €3.03 742  0.00123 12.08 8.03 000 259 1224 6.22 0,00 848 1055 490 G.00 £.90
07.05.93 4.05 0.075 0.087 60.78 625 000120 1182 521 0.00 3358 1f04 534 0o0 348 9,25 .95 0.00 396
11.05.93 5.54 0.108 0.081 $8.10 6825 000120 1182 5.21 000 338 1104 534 000 348 2.25 3.85 o.00  3.95
SCALE DATA - ENAGROSTIS CAMP
SHEEP

DATE I.LRATE iRM BEIZE BRATE HMASS HDENS TIPHT TILTH TIST TTGR EPPHT EPLTH EPST EPGR SWPHT SWLTH SWST SWGH
__{g/min} {g/m.'kg) 1)) {b/min) (kg/ha) (g/cm3) (em) (em) fem) (05) (05 {cm} (om) (@5) (05 (em) (em}  (O5)
21.09.32 135 0.043 0.026 51.87 300 0.00087 700 348 000 500 1570 6.58 0.00 5§00 1080 £94 0.00 5.00
01.10,92 1.18 0.038 0.021 5634 850  0.00104 7.00 346 0.00 500 1570 654 000 500 1090 494 000 500
10.11.92 4,00 0,400 0.060 87.13 565 000113 10,00 500 D00 500 14.00 7.00 0.00 500 13.00 8.60 0.00 5.00
27.10.92 5.98 0.100 0.085 61.60 618 000108 1084 5.7 000 500 1497 7.56 0.00 500 13.01 6.68 050 4350
| 05.11.92 5.05 0.130 0108 46,70 1255 0.00172 13.74 7.29 0.00 500 1844 713 000 500 1418 7.39 020  4.483
R L R K 5.28 0.130 0.103 51.02 1080 000120 1434 822 .00 498 2014 1120 0.00 500 1345 7.53 018 458
. OT.1292 536 0.150 0.083 84.62 937 0.00198 10,12 4M 0.00 500 1388 715 0.00 488 1122 5.29 042 4.07
08,01.92 5.15 0.120 0181 5094 910 000183 1174 498 000 375 17.87 .58 005 394 1178 5.86 0.00 445
14,01.93 4.86 0.110 o.128 38.69 1151 020123 798 938 0.00 437 2075 9.76 0.02 £85 1500 827 020 344
26.01.93 5.70 0.129 0.103 E5.47% 1940 000204 1756  9.52 0.02 431 2236 11.18 o.10 459 1575 8.22 0.04 4232
18.03.93 5.14 0.100 0.100 51.81 2680 000020 2230 1047 0.04 354 2351 R.896 coa 343 2279 1188 004 300
19.03.93 5.63 0.118 0102 54,98 66 000128 1142 4865 0.00 373 1875 8.58 0.33 347 1273 5.40 e.02 320
26.05.93 3.00 0.014 0.050 5846 370  0.00151 748 2.82 000 325 1488 387 0.20 3.38 7.04 2.97 0.00 295
28,0493 639 0.141 0.122 5226 1895 0.00131 2635 1442 000 322 2.8 1670 060 354 2385 12.80 0.08 T3 133
29.04.93 ass 0.070 0.102 a4.84 1885 006131 2835  14.4% 000 332 2183 1070 060 354 2385 1380 0.00 © 113
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APPENDIX TABLE 1.6

SCALE DATA - OLD LANDS CAMP

SHEEP
DATE L.LRATE IRM BSIZE BRATE HMASS HDENS HHPHT HHLTH HHST HHGR HCPHT HCLTH HCST HCGH SWPHT SWLTH SWST SWGR
{g/min)___ (g/m./kg) {9 (bimin) (kg/ha) (gjfemB) (om)  (om) (em) (05) (05) {em) {rm) (08 (05) (em) (om) (O5)
20,08.92 183 0.054 0045 5209 345 000115 500 300 €00 500 . . 000 500 . . 0.00 5.00
i %0.10.92 231 0.070 0.035 66.37 345 000053 700 849 000 500 940 558 022 500 020 518 000 500
' 05.11.92 349 0.090 0035 7501 488 000088 1032 528 000 500 BS8 455 012 500 1159 518 094 4598
: 09.03.93 6,00 0120 0.f18 5034 1537 000937 2607 1124 337 282 13412 81f 050 272 1848 1047 672 300
16.08.93 533 0.100 0.f12 4738 2000 000123 3033 1630 298 282 4349 783 044 305 {910 1120 083 215
15.04,93 433 0.083 0.075 57.89 1000 D.00122 1642 822 242 298 1102 537 008 421 12753 518 046 405
(% 180193 444 .085 0.086 51.85 945 0.00127 1538 7A7 2028 278 1092 528 000 430 1130 522 o668 2 428
19.04.93 450 0.083 0079  57.30 1234 000176 1831 757 093 308 1074 528 000 352 1181 837 000 377
20.04.93 a4.23 0.078 0.075 58.10 1517 000172 2034 884 298 251 1420 875 029 338 1527 677 033 361
24,0493 4.05 0.085 0,071 56.72 388 0ON1ES 1842 822 242 296 11402 537 006 42t 1223 618 010  R.05
SCALE DATA - SHEEP SHED CAMP
SHEEP
DATE 1.RATE IRM BSIZE BRATE HMAS3S HDENS TIPHT TLLTH TIST TLGR AAPHT AALTH AAST AAGH ASPHT ASLTH ASST ASGR
{g/min) {g/m.fkg) {9 (b/min) (kg/hay {g/om3) (em) {om) (em) (05) (05 {em) {em) {05) (05) (em) (cmd _ (0-5)
24.09.92 1.04 0.032 0.019 55.11 250 CoDUG7 663 375 000 500 1058 805 000 500 950 S560 2000 500
25.10.92 1.84 0.057 0030 6153 300 000083 648 363 008 499 1078 567 000 498 820 S18 612 498
30.10.92 a4 2.088 0.657 60.17 800 000149 757 404 036 500 1415 750 000 500 1156 641 ¢s52 500
17.11.92 4,26 0.104 0.089 47.77 500 000140 783 427 020 500 458 829 002 500 1198 845 o041 500
270192 . . 0000 4890 1520 000232 1214 655 020 433 2010 105f 024 441 1619 829 038 A8
08.02.93 423 0.087 0.082 45.04 1188 000209 1159 567 022 959 1928 1004 010 3y 1.9 802 G898 2N
. 22,0393 447 0.086 0.099 45.29 1646 0.00302 1218 544 000 313 2048 1002 008 554 1538 831 000 AN
1 46383 222 0.014 0.064  50.87 500 000205 645 244 000 280 £72 388 000 355 1284 627 000 3N
b GnES 5.85 0.110 0418  47.80 1664 0.00230 1308 723 002 3682 2317 1289 002 367 1601 908 000 368
| o204 13 5.22 0.300 0,121 43.12 1462 000228 1235 641 002 382 2366 1251 000 404 1583 &2 OO0 399
T 22.64.93 5.13 0.107 0.105 2574 1438 0.00224 1242 641 000 347 2245 4221 Q06 365 1534 832 000 359
£3.04.93 5.73 0.121 0.091 82.75 1205 000314 878 383 007 355 1240 707 000 3BT 0398 538 000 953
g © 26.0A.83 411 0.082 0.023  42.00 1545 000181 1531 BS2 000 325 2403 1415 042 389 1688 1030 012 356
: “ 12.0593 5.38 0.104 0.083 84.83 1217  GO0347 £01 351 000 3551 1371 &84 000 352 953 487 000 34
25.05.93 5.53 0.408 0.081 89.35 1874 000387 780 2385 000 223 1048 517 000 2373 2683 48 000 339
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Appendix Table 2.1 Proportional (%) species compositions of the different blocks used in eragrostis and sheep shed camps
ERAGROSTIS SHEEP SHED
Species Block Block
3 5 8 11 16 20 3 5 8 11 i6 20(i) 20(ii)
Ailoteropsis semialata 1 1.5 2 4 8 7 9 8.5 16.5 12.5 12.5 20.5 14
Andropogon appendiculatus 10 25 15 26.5 2.5 15.5 12 13.5 6.5 10 7.5 8.5 14
Brachiaria serrat. 0.5 0.5 0.5
Cynodon dactylon 3.5 8 3.5 2.5
ETionurus muticus 0.5 1 3.5 0.5 2 0.5 1
Eragrostis capensis 0.5 !
Eragrostis chloromelas 13.5 5.5 3 -4 2 2
Eragrostis curvula 2 2 5.5 2.5 2.5 3.5 3 0.5 0,5
Eragrostis plana 23 3 40.5 32,5 40,5 43,5 2 0.8
Eragrositis racemosa 1 1
Harpochloa falx 2.5 1 2.5 4 3 10 5.5 3 3 7.5 a 4.5
Heteropogon contortus 1.5 2 3 5 10.5 14 ] 6.5 5.5
Hyparrhenia hirta
Microchlea =affra 2 5 8 ] 12.5 12.5 6
Sporobolus africarus 7.5 8.5 5.5 6.5 0.5 2 €.5 1 0.5 1 1.5
Themeda triandra 23 10.5 16 14 17 1.5 13.5 14 q 9.5 8,5 6.5 1
Tristachya leucothrix 2 5 3 3.5 3 5 42,5 a5 a5 40 43 39 &1
TOTAL 100 100 100 100 100 100 100 100 co 100 100 Finy 100
[T
[+ 0]
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Appendix Table 22 Proportional {%) species compositions of the different blocks used in old lands and bush camps

OLD LANDS BUSH CAMP
Species Block Block
3 5 8 i1 16 3 5 8 11 16 20
Alloteropsis semialata 5 4 &b g 2.5 g
Ardropogon appendiculatus i.5 i a5 0.5 0.5 18 8 12.5 i2 10.5 18
Brachiaria serrata
Cynoden dactylon 12.5 13 15.5 7.5 5
Elionurus muticus 2 4 1 3.5 2
Eragrostis capencis 4 .5 T 8.5 ¥ LS g 4 1.5 a5
Eragrostis chloromelas 5 0.5 3 2.5
Eragrestis curvula 16.5 5.5 5.5 3
Eragrostis plana 17 8.5 e 8 10 3 & 4 4 6.5 &
Erzgrostis racemesa ¥ 4 1.5 P-4
Harpochloa falx 6.5 4 5 4.5 2
Heteropogon contortus 7 10.5 12 15.5 13.5 1.5 2 ] ke 2 7
Hyparrhenia hirta 37.5 46 45. 5 52,5 S0
Microchlea caffra 2 1 ¥ i Q.5
Spercbolus africanus 10 8 7.5 a5 10.5 6.5 8 8 7 4 4
Therada triandra 21 30 25 5 b 3t 35
Tristachya leucothrix 32 30 28.5 a0 0.5 22
TOTAL 100 100 100 Evls) 100 160 100 1 100 100 00
i -
f..‘: oD
: ? Ead
j
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Appendix Table 2.3  Analysis of covariance of the effects of animal type (cattle or sheepl, year 184

and camp (site) on the in vitro digestibility and % crude protein of diets
selected on Ddhne sourveld

Source df S8 F P
Int vitro digestibility
Camp 3 123.92 1.70 0.168
Animal 1 567.06 23.31 0.0001 %4+
Year 1 1428,22 58.70 0.0001 %%
Camp x Animal 3 24.55 0.34 0.799
Camp x Year 3 252.15 3.45 0.017%
Animal x Year 1 2.45 0.10 0.751
Camp z Animal x Year 3 4.29 0.06 0.981
Greenness 1 7983.04 291.11 0.0001 %%
Crude p;otein
Camp 3 0.0000561 2.52 0.058
Animat 1 0.0000922 12.44 - 0,0005%%
Year 1 0.0007541 101,72 0,0001%%%
Camp x Animal 3 0.00001616 0.73 0.5371
Camp x Year 3 0.00001768 0.79 0.4979
Animal x Year 1 0.00000051 0.07 0.7924
Camp x Animal x Year 3 0.0000248 1.11 0.3439
Greenness 1 0.003499 472.04 0.0001 %4
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Appendix 3.1 Insensible weight loss

3.1.1

3.1.2

3.1.3

Talle 3.1.1

Ohjective
To determine the relationship between air temperature, hody mass and

insensible weight loss (IWL) in sheep.

Procedure
The five shecp described in sectlon 3.3.4 (mass range 27-60 kg) were
fitted with faeces bags, weighed on a Mettler KC300 electronic scale and
then allowed to stand without access to food or water for 60 minutes.
Animals were then reweighed and IWL calculated as the difference in
mass between successive weighings. This procedure was repeated on
different occasions at different air temperatures (range 8-30.5°C).
Data were analyzed using multiple regression analysis (REG; SAS
1991) with IWL as the dependent variable and body mass and air
temperature as independent variables. Individual sheep were used as

replications.

Results
Insensible weight loss (g/kg/minute} could be accurately predicted using
body mass and ambient air temperature (Table 3.1.1) according to the

following equation:

WL = -1209 + 0,117*Temperature + 0.033i* Mass (ra = 0,815; SE = 0.493;
P<0.0001)

Multiple regression analysis of the effects of bordy mass and air temperature on
insensible weight loss in sheep

Variable

Coefficient SE t-value P

Constant
Temperature

Body mass

~1.20 0.417 -2.89 0.007
0.117 0.014 8.37 0.0001
0.0331 0.011 2.80 0.0094
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Appendix Table 3.2  Analysis of covariance of the effects of camp (species composition), year 187
and camp x year interaction or bite size, bite rate and intake rate of cattle
grazing Dohne sourveld

- o
Source df 58 F P
Bite gize
Camp 3 0.0173 0.88 0.455
Year 1 6.027 4,11 0.044%
Canin x Year 3 0.041 2.07 0.107
Plant height 1 0.208 31.65 0.0001%++*
Hite rate
Cawmnp 3 633.80 4,78 0.0035%*
Year 1 G.116 0.00 0.959
Camp x Year 3 4451 0.03 0.991
Plant height 1 4,204 10.85 0.0013%*
Intake rate
Camp 3 82.29 1.37 6.255
Year 1 97.26 4.86 0.0294%
Camp x Year 3 166.53 2.77 0.044¥
Plant height i 415.2 20.75 0.0001 %%+
-
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Appendix Table 3.3  Analysis of covariance of the effects of camp (species composition) on bite 188
size, bite rate and the intake ral2 of catile grazing the Dohne sourveld in

year 1 and 2
————— =
Source daf s F P
YEAR 1
Bite gize
Camp 3 0.0138 - 0,06 0.576
Plant height H 0.262 37.96 0.6001 **%
Bite rate
Camp 3 335.00 3.75 0.0]14%
Plant height 1 402.44 13,53 0,0005%%*
Iniake rate
Camp 3 2.85 0.16 0.923
Plant height 1 536.06 25.98 0,000 #+
YEAR 2
Bite gize
Camp 3 0.210 1.66 0,186
Plant height 1 0.054 12.80 0.0008%**
Bite rate
Camp 3 389.69 6.54 0.008%*
Plant height 1 2335.68 117.58 0.000] #%*
Intake rate
Camp 3 112,19 2.23 0.095
Plant height 1 28.05 1.67 0.201

Appendix Table 3.4  Analysis of covariance of the effects of camp (species composition) on the
bite size, bite rate and intake rate per unit body mass of sheep grazing the

Dohne sourveld

Source daf S8 F P

Bite size

Camp 3 0.00506 3.23 0.03+

Plant height 1 0.01970 37.67 0.0n0 10k
Bite rate

Camp 3 £87.88 4,15 0.01%*

Plant height 1 1219.29 25.84 0.0001 %t
Intake rate/mass

Camp 3 0.00361 1.41 0.252

Plant height __I 0.00452 5.28 0.026%
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Appendix Table 3.5 Correlation coefficients for the relationship between bite size, bite rate and intake rate with plant height, herbage density and
greenness in year 1 and 2 for cattle grazing 4 sites in the Dohne sourveld
Bite size Bite rate 1114
Variable
Year: 1 2 1 2 1 2
Bush camp
Plant height N.677%% 0.491 ~0.474% 0.196 0.626+* 0.342
Herbage density 0.206 0.636% -0.145 -0.517 0,172 0.378
(Greenness -0.209 -0.070 v,493% 0.719%* -0.036 0.271
Eragrostis camp
Flant height 0.785%4* 6.169 -0.291 -0.344 G818k 0.001
Herbage density 0.528# -0.300 -0.317 0.208 0.449 -0.201 &
Greenness -0.486% -0.601* 0.656%% 0.701%* -0.307 -0.056 s
*_1d lands camp
Plaat height 0.416 0.134 ~0.498% -0.079 0,266 0.041
Herbage density 0.337 -0.012 0.010 0.017 0.228 -0.022
Greenness -0.278 -0.170 0.436 0.91 3%k -0.075 0.553%
Sheep shed camp
Plant height 0.534* 0.233 -0.480% -0.39G 0.420 0.104 L
Herbage density -0.178 0.080 ~0.184 -0.089 -6.213 -0.027 '
Greenness 0.201 -0.648%* 0.309 0.355%%% 0.266 -(.236
S )
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Appendix Table 4.1 Ingestive behaviour, in vitro digestibility (IVD) and crude protein (CP) content of diets seizcted by cattle grazing plots
of different grass species. (PHT = plant height; LTH = leaf table height)

e e — —
Bite Bite rate Intake vD cp PHT LTH Stems Green
Species Baote size {b/min.) rate (%) {%) (cm) {fem) {0-5} ° (0-5) Commenis
(= (g/min.)
H. hista 08.01,92 0.362 4737 16.46 57.86 8.32 26.01 1314 2.28 408 Unmown.
H. hirta 08.01.92 0.438 61.36 26.89 60.73 7.04 19.29 8.9 .22 4,79  Mown block.
H. hirta 30.01.92 - 61.43 - 57.92 7.27 15.57 5.84 Loz 3.63  Caitle disinterested.
"H. kirta 06.03.92 0.46 58.99 27.14 52.87 583 19.24 10.3 2.2% 3.78 Mown,
H. hiriz 13.05.92 0.419 47.5 18.54 45,3 47 15.94 7.68 1.76 2,77  Ate stalks.
T. triandra 26.11.01 0.299 39.75 11.78 54.01 6.19 31.32 16.54 3.08 3.98 Cattle grazed.
T. triandra 07.01,92 0.47 60.27 22.62 61.31 9.97 17.68 10,13 0 457 -
| T. triandra 30.01.92 0.587 62.67 40.31 5458 6.68 i8.77 9.6 0 426 -
T. triandra 15.05.92 (.429 58.98 24.12 39.79 372 18.19 9.14 0 293 -
A. appendiculatus 27.11.91 0.331 47.2 15.65 58.04 9.14 35.1 20 1.08 4,76  Disinterested.
o A. appendiculatus 03.01.92 0.285 54.82 15.3 59.4 8.53 30.72 16.6 Q 485 - "
} C. dactylon 22.11.91 0.22 54.8 12.08 5773 11.27 10.81 6.9 0 4,61 Ate readily.
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*§ Appendix Table 42 Ingestive behaviour, in vitro digestibility {IVD) and crude protein (CP) content of diets seleced by sheep grazing plois of different grass
: sp~cies, (PHT = plant height; LTH = leaf table height)
é Bite Bite rate Intake ivD cr PHT LTH Siems Green
¥ Species Date size  (b/min.) rate @) %  (em)  (em) (0-5 (0-5) Comments
3 {® {g/min.) _
(; §2| H. hirta 08.01.52 0.038 36.48 1,65 63.07 731 1929 8.0 0.22 479 Mown.
% H. hirta 30.01.92 - 46.78 - 63 796 1557 8.84 0.62 363 -
iﬁ% H. hirta 0£.33.92 0.12 46.46 5.49 55.88 7.34 1924 103 221 378 Mown,
I3 H. hirta 13.05.92 0.068 49.82 3.33 52,13 549 1594 7.68 176 2,77  Aie stalks,
E , _' T. triandra 26.11.91 - 34.6 - - - 3i.32 1654  3.08 3.98  Would not graze.
7. triandra 07.01.92 - 53.61 - 65.16 9.7 17.68 10.13 0 457 -
| T. triandra 30.01.92 - 46,38 - 60.76  6.57 18.77 5.6 0 426 -
T. triandra 15.05.92 0.054 58.4 6.19 50.2 - 18.19 9214 0 293 -
A. appendiculatus 27.11.91 0.933 52.21 1.66 - - 35.1 20 1.08 476  Sheep disinterested.
A, appeadicuiatus 03.01.92 n.098 44,25 4.3 65.34 10.24  30.72 16.6 0 485 -
C. dactylon 22.11.91 0.067 67.6 4.47 65.66 1241  10.81 6.9 0 461  Ate readily.
C. dactylon 27.11.91 0.017 63.7 2.18 58.13 1Li3 1081 6.9 ¢ 461 -
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Appendix Table 43 Mean, maximum and minimum values for sward structure variables of seyen different sourveld grasses used

in the pot trial for sheep

L= . =

- - Plan: height  Leaf table Diameter Slemminess Greenness
Species : (em) height cm) _ (em) (0-5) (0-5) . Comments
A. appendiculatus (n=Y2)
Mean 25.63 12.24 1171 0.02 3.97 Readily grazed.
Minimum 15.00 4,00 4.00 0.00 2,50
Mazimum 44.00 20,00 22.00 1.00 5.00
€. dactylon {n = 12§)
Mean 977 4,45 18.08 0.42 4.4f Readily grazed,
Minimum : 3.50 1.00 5.00 0.00 3.c0
Maximum 23.00 14.00 27.00 3.00 5.00
E. plana(n = 65)
Mean . 24.36 13.08 14.07 0.i8 4.7]1 Extra fasting required.
Minimum : 16.50 8.00 7.00 0.06 4,00 Long chewing times.
Maximum : 41.00 23.00 21.00 2.00 5.00 Total refusal of longer plants.
H, contortus{n = 60)
Mean il.49 7.23 13.65 0.34 4,63 Fairly acceptable.
Minimum 7.60 5.00 1.00 0.00 3.00
Maximum 41,00 35.00 23.00 5.00 3.00
H, hirta (n = 145]
Mean 20.09 10.26 13.97 111 4.25 Readily grazed.
Minimum 6.00 3.00 6.0 0.00 0.00 Animals picked out leaves on stemniy planis.
Maximum 51.00 35.00 23.00 5.00 5.00
T. triandra (n = 143)
Mean 17.08 8.36 14.23 0.04 4,34 Grazed very readily.
Mirimum 6.G0 3.00 4.00 0.00 1.00
Maximum 31.00 19.00 21.00 100 5.00
T. feucothrix (a = 127)
Mean 17.08 7.52 11.85 0.00 3.50 Readily grazed.
Minimum 6.00 2.59 5.00 0.00 1.00 -
Mazimum 24.09 15.50 16.00 0.00 5.00 o
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Appendiz Table 44 Mean, maximum and minimum values for sward structure variables of sight diiferent sourveld grasses used in-
the pot trigi for cattie

T YT - — — ]
. Plant height Leaf table  Diameter Stemminess Greenness
Species (em)~  height{em) fom) 05 . (@5 Comments
A. remialata (n = 16)
Mean 19.49 12.50 11.25 0.00 3.26 Not highly acceptable - plants possibly too rank?
Minimum 9.75 7.25 9.25 0.00 2.75 Amnimals spat out dead leaves. i}
Maximum 32.00 19.00 14,00 0.00 3.75 e
A, appendiculatus (n=45)
Mean 22.51 11.19 14.36 6.09 4,33 Arimals grazed eagerly.
Minimum 12.03 5.50 10.00 0.00 3.13
Maximum 38.50 22.00 17.00 1.25 5.00
C. dactylon {n = 31) .
Mean 14.66. 7.90 15.37 0.13 4.56 Some pots very lush and animals consumed these greedily
Minimum 7.25 313 12.00 .60 3.63 taking very big bites. B
Maximum 24.00 12.67 18.25 1.60 5.00
E. plana i = 18) ==
Mean 35.81 16.34 14.42 .16 3.95 Extra fasting required before animals wouid eat.
Minimum 10.00 8.63 11.00 0.00 3.00 Many plants pulled out.
Mazimum 56.00 21,00 17.00 350 4,88
K. eontortus (n = 44}
Mean 14.40 7.31 13.34 0.23 4.08 Fairly acceptable,
Mirimum 10.90 5.00 1L75 0.00 ™88
Maximum i8.88 12.63 15.50 1.50 4.88
H, hirta{n = 42)
Mean 20.03 9.92 11.65 0.93 4.17 Readily grazed.
Minimum 11.88 5.00 8.33 0.00 2,75 Stems consumed without hesitation giving big bites.
Maximum 32.50 14.88 13.75 325 5.00
T. triand: o {n = 36)
Mean 20.93 9.36 12.61 0.69 4.20
Mizim. 2 11.53 3.88 9.00 0.00 2.25 Readily grazed.
Maxix 31.25 14.75 16.00 3.50 4.88
T. leveociniz bo = 35)
Mean 19.67 0.12 11.22 0.01 4,05 Fairly acceptable.
Minimum i0.13 4,75 8.75 0.00 2.75 Dead leaves distasteful and sometimes spat out.
Mazim.sm 25.13 12.67 14.50 0.25 5.00
(=Y
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Appeadix Table 5.1 Mean percentage dry matter disappearance {and standard deviation) in the rumen of
different grasses in spring
P o o s ]
Incubation period (k)

Species 3 9 24 32 48 56 72
A. semiai.'a 22,99 33.97 49,97 52.37 74.91 77.76 79.28
(5.80) (3.10) (8.85) (1.07) (3.18) (2.48) (2.88)
A. appendiculatus 19.35 25.57 52.65 53.76 59.23 69.15 79.27
: (1.15) (1.08) (1.43) (0.94) (14.99) (1.14) (0.26)
C. dactylon 2331 3621 5510 6598 6797 7940 8L
(1.65) (3.25 (3.28) {4.79) (4.23) £6.09) (0.34)
E. muticus 27.53 35.82 60.68 60.10 65.91 76.55 79.48
(2.54) (0.96) (1.81) (0.15) {(4.90) (0.77) (2.81)
E. piana 19,59 30.2% 52.05 57.25 61.50 77.48 81.99
(1.97} (2.92) (0.67) (6.42; (7.99) (5.76) (3.14)
H. contortus 22.04 28.47 55.49 68.17 72.03 76.32 79.84
0.17) {4.76) (1.96) (5.56) t 25) {3.15) (6.07)
H. falx 24.60 31.80 54.04 65.47 72.46 72.05 74.94
(0.01) (0.39) (5.44) (0.82) (1.88) (2.31) {1.08)
H. hirta 23.12 37.98 60.75 62.77 71.58 79.07 82.78
(2.36) (2.10) (2.18) (0.74) (6.37) (6.91) (©.71)
M. caffra 17.02 19.13 34,92 43.23 34.17 54,19 57.60
(0.03) (1.06) (0.21) (3.37) (0.86) (1.13) (0.19)
T. leucothrix 20.43 33.08 48,67 60.38 64.73 77.80 77.06
2.88} (2.93) (2.43) {1.48) (2.81) {1.69) (4.88)
T. iriandra 18.02 25.63 56.47 58.81 68.24 74.52 76.86
. (2.70) {1.23) (4.57) {0.31) (0.66) (0.32) (4.37)
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Appendix Table 5.2 Mean percentage dry matter disappearance (and standard deviation) in the rumen of

different grasses in summer

= ey e
Inzubation period (h)

Speeies 3 9 24 32 48 56 72

A. semialata 25.01 35.68 56,88 63.23 72.44 74,02 75.50
(0.33) {0.52) {0.83) (3.84) {0.16) (0.50) (1.17)

A. appendiculatus 18.48 24,533 51.85 52.94 €5.65 72,77 72.57
{1.53) {0.09) (2.4 12.20) (2.89) (1.31) (0.51)

C. daetylon 17.82 24,55 39.40 42,82 51.36 53,96 54.59
(0.59) {0.20) {0.60) {0.60) (1,59) {1.58) (0.58)

E. muticus

E. plana 10.58 16.81 32.51 44.19 61.40 64,59 69.99
(1.61) {0.68) {4.41) {8.55) {2.60) (1.55) (0.97)

H. contortus

H. falx 17.07 22,90 Coa 47.05 55.97 58.24 63.08
{0.82) {2.66) S | {1.48) (0.57) (0.12) (1.07)

H, hirta

M. caffra 17.07 22.18 33.13 39.30 48,50 52,29 57.51
(1.66) {0.12) {0.89) (0.70) {0.22) (1.68) (1.61)

T, leucothrix 20,26 36.29 52.60 63.15 74.45 74,78 75.90
(1.15) {0.43) {3.89) (2.54) (0.32) (0.48) {2.01)

T. triandra 20.35 26,91 47.14 57.34 71.43 73.76 76.04
{0.30) {0.60) (1.95) (4.43) {0.32) (L.18) {0.14)
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Appendix Table 5.3 Mean percentage dry maiter disappearance {and standard deviation) in the rumen of
different grasses in autumn

e e ]
Incubation period (h)
Species 3 9 24 32 48 56 72
A, semialata 24,13 25.81 46.00 50.93 58.08 60.21 65.35
(0.94) {3.19 (0.71) (0.06) (10.39 (0.22) (1.60)
A, appendiculatus 13.32 16.99 29.06 37.22 50.82 55.64 61.01
(0.28) (2.94) (1.52) (2.04) (0.98) (2.16) (0.93)
C. dactylon 18,21 26.87 40.55 46.85 50,11 52,98 55.29
(0.45) (0.39) (226}  (0.61) {1.11) (2.95) (0.02)
E. mvtieus 20.53 23.92 37,04 41.54 52.90 56.67 62,06
(0.52) (0.94) (0.32) (0.57) (0.03) {0.82) (2.10)
E. plana 11.90 15.88 32.91 34.57 52.22 52.81 57.21
(0.17) (0.21) {(1.37) (3.03) (4.33) (1.57) {0.33)
H. contortus 20,71 22.95 37.92 50.07 54,46 61.21 63.72
(1.85) (2.46) (1.70) (0.69) 9.14) (3.65} (3.59)
H. falx
H. hirta 22.54 28.62 43.87 54.04 63.00 67.40 68.82
{0.04) (2.32) (3.07) (2.87) (1.60) (0.96) (2.12)
M. caffra 17.99 18.94 30.67 35.99 42,25 43.69 44,96
(0.42) (3.35) 0.20) {0.61) (5.03) (0.43) (2.36)
T. leucothrix {20.31 26.04 36.44 46.93 53.75 57.88 61.24
(1.19) {0.07) (0.41) {0.94) (0.36) (-) {1.33)
T. triandra 19.91 25.10 37.74 51.41 56.42 59.40 66.79
(0.96) (0.97) (1.30) {0,149 (0.82) (-) (3.04)
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Appendix Table 54 Mean percentage dry matter disappearance {and standard deviation) in the rumen of
different grasses in winter

Incubation period (h)
Species 3 9 24 32 48 56 72
A. semialata 18.16 23.26 36.97 42,92 50.00 55.64 58.38

{1.13) 1.73) (3.46) (0.54) 0.21) (0.98) (0.51)

A. appendiculatus 11.32 14,58 25.24 31.60 45,52 49.4] 58,02
(0.17) (0.59) (4.46) (1.51) {3.31) (1.54) (0.44)

C. dactylon 7.97 12,14 21.88 24,19 28.19 29.77 32,93
(0.38) {0.98) (1.70) (0.75) (0.82) (1.42) (1.01)

E., muticus 14.96 17.19 31.33 35.24 44,78 50.81 54.23
(1.14) (1.11) (1.63) (1.85) (1.46} (1,19) (2.37)

E. plana 8.32 13.67 28.44 29.19 46.43 R4,17 61.98
(0.69) (1.16) (3.82) (0.20} (0.64) 3.01) (1.95)

H, contortus

H, falz 10.88 16.37 28.50 32.54 45,18 49,37 55.13
(1.09) (1.85) {5.38) {0.24) {D.62) {1.26) {0.03)

H. lLirta 9.79 16.36 32.54 42,78 47.92 50.65 59,13
{205} {0.49) (.21) (1.23} {3.61) (8.76) {2.52)

M. caffra

T. leucothrix 11.03 14.06 32.76 36.72 46,72 54,84 56.22
{0.03) {1.67) (0.27) {1.29) (2.62} (1.86) {0.72)

T. triandra 13.22 17.45 39.07 44,24 56.64 62.96 66.53

{0.38) (1.73) (4.08) (2.46) (149 {0.93) 10.96)
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Appendix Table 6.7 Relation between dietary in vitro digestibility and sward greenness for cattle (C) and
sheep (S} grazing four sites on Déhne sourveld in year 1 and 2
— - o
Site Apimal Eguation r

Year 1

Bush C 38.33 + 4.45x r* = 0,84; F = 80,01; &%
8 43.97 + 3.74x 2 = 0,69; F = 31.76; ¥%%

Eragrostis C 30,12 + 6.43x 12 = {1.78; F = 55,59; ¥&*
& 45.61 + 3.49x 2 = 0,50; F = 15,57; **

Lands cC 30.91 + 4.34x 2 =0.7; F = 40.19; ¥*
5 44.35 + 3.76x = 0,53; F = 19,5; **

Shed C 36.74 + 5.90x 12 = 0.84; F = 74,32; ¥
S 41.45 + 4.89x r* = 0.88; F = 118; *%*

Year 2

Bush C 74.34 -~ 23.76x + 4.39x? r* = 0.82; F = 2],32; ¥%*
S 54,34 - 9,6x + 2.33x% rP=05;F= 541; %

Eragrostis c 62.99 - 18.02x + 3.76x* 2 = 0L.91; F = 50.5; *k*
5 54,55 - 7.42x + 1,96z r? = (,83; F o 22,57; ¥%¥

Lands Cc 48.61 - 6.74x + 2.35x* ? = 0.88; F = 41.74; ¥
S 45.51 + 3.40x r? = 0.49; F = 12,76; ¥

Shed C 47.84 - 9.37x + 2.60x* 2= 0.76; F = 21.11; %
] 4597 - 6.0x 2.06x% 2 = 0.8; F =20.03; #%*

Appendix Table 6.2 Relation between sward greenness and sward height during the growing season at four
sites on the Dahne sourveld

e
Site Equation A

Bush 4,96 - 0.047x =033 F=494#%

Eragrostis 5.22 - 0.060x r* = 0.45; F = 9,92; %%

0Old lands 5.24 - 0.057x r* = 0.29; F = 455; %

Sheep shed 3.85 - 0.024x r* = 0.04; F = 0.53
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Appendix Table 6.3 Relation between mean retention time and sward greenness for cattle {C) and sheep (S)

grazing four sites on tke Dohne sourveld

o = -
Site Animal Equation
Bush C 23.58 - 1,242x 1t = 0.67; F = 15.74; %%
S 21.26 - 1.04x 2 = 0,52; F = 11.05; **
Eragrostis C 33.09 - 3.25x = 0.65; F = 15,45; ¥
S 32.37 - 3.13x 12 = 0,67; F = 13,22; ¥#
Lands C 22,28 - 1.05x =05 F= 604 F
S 20.83 - 1,06x 2 =049; F = 8.66; ¥
Shed ol 23.82 - 1.51x 2 = 0.79; F = 33,91; %%k
& 20.83 ~ 0.894x =077 F = 24.3; **

Appendix Table 6.4 Relation between dietary in vitro digestibility and days from start of the growing
season {I October) for cattle {C) and sheep (S} grazing four sites on Dokne
sourveld in year { and 2

Site Animal Equation o
Year 1
Bush C 69.74 - 0.08%6x r? = 0.88; F = 112.84; ¥+
. S 66.77 - 0.0577x 2 =074; F = 41,17; #+%

Eragrostis C 66.43 - 0.0697x 1 = 0.68; F «» 30,92; ik
S 66.32 - 0.040x 2= .59 F = 19,17; %

Lands C 66.74 - 0.082x 2 =0.79; F = 53.55; ¥k
S 69.46 - 0.07x %= 0.66; F = 30.41; %+

Shed C 72.82 - 0.0955 r? = 0.70; F = 33.53; %k
5 71.18 - 0.076x r? = 0.68; F = 35.25; ¥

Year 2

Bush C 60.15 - 0.064x 12 = 0.75; F = 33.04; %k*
S 62.60 - 0.062x = 0.49; F = 10.83; ¥+

Eragrostis C 62,85 - 0 0609x . =078 F = 3576 ¥k
S 66.64 - 0,0638x ré = (,83; F = 51.88; *+*

Lands C 70.10 - 0.187x + 0,000356x% r? = 0.89; F = 39,83; #%*
5 66.12 - 0.0605x 1?2 = 0.76; F = 30.83; ¥¥#

Shed C 70.73 - 0.211x + 0.00041x* r? = 0,87; F = 44,03; ***
8

it

65,66 - 0.0761x

? = 0,.85; F = 77.25; ¥+
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Appendix Table 6.5 Relafion between mean retention time and days from the start of the
growing season {1 October) for cattle C) and sheep (S) grazing four sit(s
on the Dohne sourveld

= = — o e
e Animal Equation r

Bush c 15.60 + 0.02149x r* = 0.66; F = 15.24; #*
S 14.17 + 0.0197% r? = 0.57; F = 13.6); **

Eragrostis C 14,52 + 0.0353x r? = 0,8% F = 65,63; ¥**
s 14,98 + 0.0307x 2 =0.68; F = 17.4; #*

Lands c 15,28 + 0.0221xz r’ = 0.72; F = 15,79; %
S 13.19 + 0.0202x 2= 0.5 7 = 11,73; ¥

Shed C 14.39 + 0.024x r? = u.69; F = 20,58; »*
S 14,84 + 0.0162x P = 0.76; F = 22.69; %%
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