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I. INTRODUCTION

The grazing animal, in most natural situations, has a complex environment
in which to live. Figure 1 illustrates the multitude of factors that can influence
the selection and composition of any day’s diet. Selective grazing by ruminants
has been extensively reviewed by Arnold (1963) and Heady (1964). This review
will indicate the present state of knowledge of the interactions between plant and
animal characteristics in selective grazing.

Palatable, by definition, means “pleasant to the taste”. The term palatability
has been widely used to describe all the ‘characteristics, not taste alone, that make
a plant acceptable to the grazing animal. In this paper, the expression “acceptabil-
ity” is used to describe the degree to which a plant is acceptable to an animal.
The animal itself expresses preferences when presented with a number of species
in a plant community; these preferences can be arranged in an order of relative
acceptability, i.e. a preference ranking.

The reader is referred
to study selective grazing.

to Heady (1964) for a discussion on techniques used

There has been general agreement that sheep and cattle, at the single plant
level, eat leaf in preference to stem (Arnold 1960, 1963; Cook and Harris 1950;
Reppert 1960) and green (or young) material in preference to dry (or old) material
(Arnold 1963; Cook, Stoddart and Harris 1956; Cowlishaw and Alder 1960;
Milton 1953; Reppert 1960; Stapledon 1934). There may be exceptions to these
basic rules, but they are rare. The material eaten, when compared to the material
offered, is usually higher in nitrogen (Arnold 1960; Cook, Stoddart and Harris
1956; Harrison et al. 1954; Weir and Tore11 1959) phosphate (Cook, Stoddart
and Harris 1956; Plice 1952; Staten 1949), and gross energy (Cook, Stoddart and
Harris 1956), but lower in “fibre” (Hardison et al. 1954; Weir and Tore11 1959).
Opinion varies on whether eaten material is higher in sugars and minerals.

Other questions remain largely unanswered. Are green material and leaf
material eaten because they contain higher nitrogen, etc., or are the differences
in chemical composition merely associated with physical characteristics of the plant
parts? Is there definite motivated selection for this material and, if so, is this
linked to a conscious nutritional wisdom? In this review, the available information
on these questions is discussed, to illustrate the principles underlying investiga-
tions of selective grazing.

*Division of Plant Industry, C.S.I.R.O., Canberra, A.C.T.
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ANIMAL

Motor outflow

Reflexes of attention, approach, examination and consumption or rejection

Senses of sight, smell, touch and taste

PLANTS

I Plant species present and their chemical and physical characteristics and relative
availability. I

Modified by

PLANT ENVIRONMENT

Soil type
Soil fertility
Plant community

Modified by

PHYSICAL ENVIRONMENT

Topography (i.e. slope, aspect and site of a plant)
Distance plant is from water
Distance plant is from tracks or shade.

Modified by

ANIMAL FACTORS

Animal species
Animal individuality
Physiological condition (food demand)
Grazing behaviour

I Social behaviour

Modified by

PREVIOUS EXPERIENCE

DIET COMPOSITION

Fig. 1.-Diet selection by the grazing animal.
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II.  PREFERENCES AND PLANT CHARACTERISTICS

Numerous experiments have been carried out to study the causes of pre-
ferences. These have been reviewed by Arnold (1963) and Heady (1964). Basic-
ally, preferences will be determined through the animal’s special senses. Therefore,
any characteristics of plants or plant communities must act through these senses.
Neural responses to stimuli received will be partly innate and partly due to
previous experience and physiological need of the animal; any intelligence (nutri-
tional wisdom) on the animal’s part will be reflected in the reaction to both previous
experience and physiological need.

(a) Chemic.crl  composition and acceptability of different species
No single chemical constituent has been found to determine the acceptability

when a number of herbage  species are on offer. This is not surprising. In the first
place, most workers have attempted to correlate proximate analysis data with
acceptability, i.e. nitrogen, crude fibre or ether extract content. These are not
chemical entities that could be recognised at the molecular level-a pre-requisite
for the use of the senses of taste and smell. Secondly, one would expect few
instances where differences in acceptability between species were determined by
differences in a single chemical constituent because a large variation in concen-
tration of a large number of constituents would be involved.

(b)  Chemical composition and acceptability of strains of a species
When comparing ecotypes and cultivars of a single species for acceptability

it is possible that variation in a single chemical constituent may dominate prefer-
ence ranking. This has been found for reed canary grass-Phalaris arlundinacea
(Brown 196 1) and perennial Lespedeza- Lespedeza sericea (Donelly 1954). The
successful breeding of more acceptable lines of species such as tall fescue-
Festuca  arundinacea (Buckner  1960) and P. arundinacea (Donelly 1954) has

Fig. 2.-GRAZING PRESSURE AND UTILIZATION OF HERBAGE.  In each
test, 6 sheep grazed on 1/6th  ac containing eight equal areas of different species.
Results are given for six species, four relatively acceptable and two relatively un-
acceptable. At the beginning of each test there was an abundance of feed and the
most acceptable species were eaten, but as the feed supply declined, different species
were eaten. Tests were carried out at different seasons of the year (periods l-10).
The three main points to emerge are ( 1) that preference ranking was altered little
by grazing pressure, (2) that relative acceptability differences may be reduced
between species at high grazing pressures, particularly within groups of high
acceptability, (3) that when only a really disliked species is left to graze, sheep
may prefer to starve. The stages of growth during periods l-10 were:-

Period 8 All flowering
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probably been achieved because acceptability differences between strains were
linked with varying concentrations of a single chemical constituent.

(c) Physical characteristics of the individual plant
If a range of species that differ markedly in stage of growth is available,

preferences will usually be for the species with the least mature herbage;  this
may be associated with degree of lignification  in relation to ease of harvesting.

Hairiness, thorns, etc., on plants tend to depress acceptability just as glabrous-
ness and crispness enhance acceptability (Davies 1925). However, there is no
direct experimental evidence to show the extent to which such characteristics in-
fluence preferences.

Habit of growth can also influence preferences because it affects accessibility
(Davies 1925; Elder 1959).

(d) Physical composition of the plant community
The “availability” of a species within a plant community will influence its

acceptability. That is “availability” in terms of frequency of occurrence, relative

Fig. X-VARIATION IN DIET SELECTED BY SHEEP. A flock of sheep with
oesophageal fistulae grazed on a pasture expected to produce a wide variation in
diet composition between individuals. The pasture yield was 2500 lb dry matter
per ac (2800 kg/ha) mainly of dry grass and dry clover, but with a “pick”. of
green grass. As the stocking rate was low, food availability changed little during
the test of 7 days; diet samples were obtained up to five times during the 7 days.
The horizontal bars represent the % nitrogen or % green grass in single samples.
The vertical lines indicate the range of values in the individual sheep, numbered 1
to 20. The sheep are arranged in ascending order of mean values of % nitrogen

and % grass.
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yield and accessibility, and as influenced by the nature of surrounding plant
material. Thus the acceptability of low preference ranking species is higher when
there are few plants of the species in a community (Hooper 1962; Stoddart and
Smith 1955; Tomanek, Martin, Alberston 1958). Also, the physical presence of a
disliked species or the presence of dry material are detrimental to the consumption
of species known to be acceptable under other conditions (Anon. 1955; Arnold
1963; Cowlishaw and Alder 1960; Glendening 1944; Milton 1933, 1953; Phillips
and Pfeiffer  1958).

(e) Local environment
Soil fertility can considerably influence acceptability (Milton 1933; Hurd and

Pond 1958; Cook 1959; Collett 1961; Beetle et al. 1961). A species with a high
preference ranking in one pedological situation may have a lower ranking in
another situation.

(f) Grazing pressure
Where there is an abundance of feed, the grazing animal can express its

preferences freely. As the feed supply decreases, the animal must eat less acceptable
plant material or starve. In effect, the animal appears to compromise so that
whilst eating previously neglected species a high proportion of its total grazing
time will still be spent on favoured species of low accessibility. This type of
situation is illustrated in Figure 2.

(g) Summary
In selectively grazing, it appears likely that the animal balances favourable
unfavourable chemical and physical charsacteristics  of all available material

species) to determine relative accepta bility of the components (or species) of
and
(or

TABLE 1
Reactions of one year old Merino wethers,  differing in experience, to eight plant

species

to be related linearly to percentage utilization of available dry matter (Arnold 1963).
*Group 1. Reared at Trangie, N.S.W., on native pastures, improved annual pastures and

lucerne. The pastures differed widely in physical and chemical characteristics.
Group 2. Reared on Phalaris-subterranean  clover pasture. The sheep experienced seasonal

changes in physical and chemical characteristics of only two species.
Group 3. Reared on irrigated pastures at Demliquin,  N.S.W. Sheep experienced only green

herbage.
Group 4. Reared on dryland  pastures at Deniliquin, N.S.W7.  Sheep experienced a large

number of species which changed little in physical and chemical characteristics.
Pasture structure was quite different from that experienced by groups 1, 2 and 3.
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the plant community. Although numerous factors can influence the relative accept-
ability of a species, individual species will remain within broad groupings of high,
medium or low acceptability.

III.  ANIMAL CHARACTERISTICS AFFECTING PREFERENCES
(a) Individuality

Not only are there differences between species of grazing animals in selec-
tion preferences, but there is considerable variation between individuals of a flock
or herd. This is illustrated in Figure 3. This figure shows how individuals may
select from 10% to 80% grass in their diets when grazing together on the same
small pasture (three acres). This sort of animai variation is always encountered and
means that even though one species in a community is generally favoured in a
particular season, there will usually be some consumption of other species.

(b) Previous grazing experience
Preference ranking of species can be strongly influenced by the previous

grazing experience of the animals. This is illustrated in Table 1 which gives the
immediate reactions of four groups each of six sheep, of
differing in experience in the first year of life; eight species

identical breeding
were presented. It

but
has

been found (Arnold, unpublished data) that differences in acceptability of gener-
ally liked species (perennial ryegrass-Lolium perenne, cocksfoot-DactyEis  glo-

tuberosa, lucerne--Medicago  sativa) between thesemerata, phalaris-Phalaris
groups of sheep disappear after two or three tests, but that differences in accept-

and African love
graze exclusively

ability of generally disliked
grass-Eraqrostis curvula)

species (a speargrass-Stipa hyalina
persist until the sheep *are forced to

shown in Table 1on the species for
canoccur by three

at least a
months of

month. Differences such as those
age.

(c) Special senses
There is little work to show that the special senses are involved in selective

grazing. Preliminary studies by the author- (Arnold 1963) have shown that sight
allows the sheep to recognise plants it has experienced previously and to orientate
itself
speci

within its environment. Sight plays only a mi
.es of plants or plant parts eaten (Arn old 1 963).

nor role in determining either



TABLE 3
Changing acceptability of Medicago  sativa during spring growth

Each of the senses of smell, touch and taste is involved in selective grazing
(Arnold 1963). Table 2 shows that the relative acceptability of a large number of
species differs for sheep with or without either the sense of smell, or the sense of
touch in the lips. Thus deprivation of a sense will result in increased acceptability
of some species, decreased acceptability of others with no change in acceptability
in a further group. This indicates that a sense is important in deciding the accept-
ability of some species, but not that of other species. In other words, some species
have constituents producing favourable or unfavourable stimuli to the sense, others
do not.

(d) Response of animal tlo changing plant composition
There is not a fixed reaction to a particular species, but changing reactions

from season to season. This is shown in Table 2 where the proportion of species
changing in acceptability consistently in one direction to smell-deprived sheep is
low. It is illustrated more clearly in Table 3 which shows how the acceptability of
Medicago  sativa is low in early spring, due to an unfavourable smell, but that this
changes with time until the species no longer gives an unfavourable smell-stimulus.
by late spring. This trend is found in many legumes (Arnold 1963) and the magni-
tude of the effect is illustrated in Figure 4.

Current work should indicate the chemical constitutents  of plants that are
recognised by the senses of taste and smell. It is not proposed to consider how
physiological need of the animal may modify preferences-mainly because of the
paucity of evidence.

(e) Nutritional wisdom
There is a great deal of evidence in the literature to show that most mammals,

exhibit very little nutritional wisdom. That is, numerous experiments have shown
that animals will selectively eat a palatable but poor quality food in preference toa
an unpalatable nutritious food even to the point of death. There is very little
evidence for grazing animals. It has been shown (Gordon and Tribe 195 1) that-
sheep cannot select a diet adequate for bearing and rearing a lamb from basic
milled foodstuffs and that grazing sheep and cattle fail to correct a phosphate
deficiency when given the opportunity (Gordon, Tribe and Graham 1954).

On the other hand it has been shown by Denton  and Sabine (1963) that Na+-
deficiency in sheep is rectified very precisely when Na+ solutions are available..
Recently the author found that Na+ deficient sheep will preferentially select those
herbage  species high in Na+, independent of the normal preference ranking of
the species (Table 4). Thus we return to the question of motivation in selective
grazing. It would seem that innate reactions mainly determine selection by the:
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TABLE 4

“fSheep had free choice of the five species and were moved to a new area for each period.
Feed supply was never limiting. Composition of the forage eaten was calculated from the
scores of utilization. Na-t- supplement was withheld for 10 days from sheep with parotid
fistulae, prior to period 1. As Na-I- deficiency increased, the sheep grazed more on Na-f-
rich species.

SP = sheep with parotid fistulae.

grazing animal and that these innate reactions have developed during the evolution
of each species.

Sheep evolved in an environment where mature plant material was more
frequently available than green herbage.  Survival would depend on selection of
readily digestible plant material containing adequate protein, i.e. material of low
lignin content.

Results from recent studies, using sheep with oesophageal fistulae (Arnold
1963),  show clearly that sheep are extremely selective for green herbage  in pre-
ference to dry herbage.  This, and the preference for leaf to stem, is nutritionally
advantageous in many situations. However, on luxuriant improved pastures, selec-
tion in this direction, which always occurs, means that the sheep acquires a diet
that is protein rich and low in readily fermentable carbohydrates (Arnold 1963).
On the other hand, Arnold (1964) has shown that on dry herbage  from an im-
proved
tent of

pasture of Phalaris tuberosa  and Trifolium
residual herbage  increases with progressive

subterraneum the protein con-
defoliation. The sheep do not

select the legume component at a time when this could be nutritionally advan-
tageous.

The above evidence lends little support to the hypothesis that selection of a
diet is motivated by nutritional wisdom in grazing animals. The example of selec-
tion of Na+ rich plants is a rare exception. Thus it may be that sheep actively

Fig. 4.--Change in grazing behaviour of sheep due to deprivation of sense of smell.
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TABLE 5
Reaction of one year old Merino wethers to different pasture species



select green plant material rich in protein and low in lignin. It is doubtful, how-
ever, that sheep can recognise “protein” and “lignin” per se, The selection of such
material must be achieved through recognition of undefined chemical characteristics
in the cell sap of plants. This selection is probably motivated through the special
senses and it is suggested that these are innate reactions. Dove (1935) summed up
the situation very well, many years ago, when he said-“Survival in the past has
depended upon the nature of the choice of food. However, the instincts themselves
are not always wise, i.e. do not always result in optimum results.”

IV. PREFERENCE RANKING AND FOOD INTAKE
Grazing of any plant community will always result in the preferential selec-

tion of certain species at least during some part of the year. The animals will often
continue to graze on preferred species even when “availability” is poor. There is
a resultant reduction in intake and productivity. The question is whether the
neglected species would be eaten if the preferred species were absent. In effect,
we are asking whether preference ranking is related to voluntary consumption of
the individual species when there is no free choice. This is a critical question and
yet there is very little available information. Experimentally, this is difficult to test
since other factors such as herbage  yield, pasture structure and digestibility of the
diet must be constant to all species under test.

Roe and Lambourne (personal communication) obtained significant differ-
ences in herbage  intake for sheep grazing on different strains of P. arundinacea
which ranked high or low in previous preference ranking tests.

Table 5 gives the food intakes of Merino sheep weighing 70 lb (30.2  kg)
grazing seven pastures having yields which should not limit food intake. There
were considerable differences in digestible organic matter intakes from pastures
producing the same diet digestibility, e.g. ryegrass, cocksfoot, phalaris and lucerne.
These differences could be said to reflect differences in acceptability. The ranking
of species in intake does not agree with that from a free choice amongst the species.

The above example is given as an illustration of the problem of relating
preference ranking of a species under a free choice situation to the relative food
intake of that
similar tests.

where there is no choice. More evidence is required from

V. CONCLUSION
It is apparent that selective grazing is a complex of interacting factors to

which there is no single key. The progressive improvement of pasture and range
management is closely linked with an appreciation of the basis on which the
grazing animal chooses a diet.

VI. REFERENCES
ANON. (1955). Annual Report of the Rocky Mountain Forest and Range Experiment Station

1955.
ARNOLD , G. W. (1960). Selective grazing by sheep of two forage species at different stages of

growth. Australian Journal of Agricultural Research 11: 1026.
ARNOLD, G. W. (1963). The diet of the grazing sheep. Ph.D. thesis. University of London.
ARNOLD , G. W. (1964). Supplementation of Phalaris tuberosa-Trifolium subterraneum pasture

in summer with urea and molasses. C.S.I.R.O., Division of Plant Industry Field Station
Record 3 (in press).

269



BEETLE , A. A., JOHNSON, W. M., LANG , R. L., M AY, M., and SMITH, D. R. ( 1961). Effects of
grazing intensity on cattle weights and vegetation of the Big Horn experimental pastures.
Wyoming Agricultural Experimental Station, Bulletin 373.

BROWN , J. A. M. ( 1961). Evaluation of certain morphological and chemical characteristics in
relation to palatability in reed canary grass (Phalaris arundinacea L.). Ph. D. thesis.
Purdue University.

BUCKNER , R. C. (1960). Performance of inbred lines, polycross progenies and synthetics of
tall fescue selected for improved palatability. Agronomy Journal 52: 177.

COLLETT, R. H. ( 196 1). Palatability of forage plants in North-west sheep pastures. Journal of
the Department of Agriculture, Western Australia 2: 733.

COOK, C. W. (1959). The effect of site on the palatability and nutritive content of seeded
wheat grasses. Journal of Range Management 12: 289.

COOK, C. W., and HARRIS, L. E. (1950). The nutritive content of the grazing sheep’s diet on
summer and winter ranges in Utah. Utah Agricultural Experiment Station, Bulletin 342.

COOK , C. W., STODDART, L. A., and HARRIS , L. E. (1956). Comparative nutritive value and
palatability of some introduced and native forage plants for spring and summer grazing.
Utah Agricultural Experiment Station, Bulletin 385.

COWLISHAW , S. J., and A LDER , F. E. (1960). The grazing preferences of cattle and sheep.
Journal of Agricultural Science 54: 257.

D AVIES, W. (1925). The relative palatability of pasture plants. Journal of the Ministry of
Agriculture 32: 106.

DENTON,  D. A., and SABINE , J. R. (1963). The behaviour of Na deficient sheep. Behaviour
20: 364.

D ONELLY , E. D. ( 1954). Some factors that affect palatability in Sericea Zespedeza  (L. cu-
neata). Agronomy Journal 46: 96.

DOVE , W. F. (1935). A study of individuality in the nutritive instincts and of the causes of
and effects of variations in the selection of food. American Naturalist 69: 469.

ELDER , W. C. (1959). Palatability of small grains. Proc. Ser. p. 363 Oklahoma State Uni-
versity, March, 196 1.

G LENDENING , G. E. ( 1944). Some factors affecting cattle use of Northern Arizona pine-
bunchgrass ranges. South-Western Forest and Range Experiment Station Research Report,
No. 6.

GORDON , J. G., and TRIBE, D. E. ( 195 1). Self selection of diet and pregnant ewes. Journal of
Agricultural Science 41: 187.

G O R D O N , J. G., TRIBE , D. E., and G R A H A M, T. C. (1954). The feeding behaviour of phos-
phorus deficient cattle and sheep. British Journal of Animal Behaviour 2: 72.

HARDISON , W. A., REID, J. T., M ARTIN , C. M., and W OOLFOLK , P. G. (1954). Degree of herb-
age selection by grazing cattle. Journal of Dairy Science 37: 89.

HEADY, H. F. (1964). Palatability of herbage and animal preference. Journal of Range Man-
agement 17: 76.

HOOPER , J. F. (1962). Influence of soils and deer browsing on vegetation following logging
redwood-Douglas fir near Korbel, Humboldt County. M.S. thesis. University of California,
Berkeley.

H U R D, R. M., and PO N D, F. W. (1958). R.elative preferences and productivity of species on
summer cattle ranges, Big Horn mountains, Wyoming. Journal of Range Management 11:
109.

M ILTON , W. E. J. (1933). The palatability of the self-establishing species contributing to
different types of grassland. Empire Journal of Experimental Agriculture I.: 347.

M ILTON , W. E. J. (1953). The palatability of herbage on undeveloped grasslands in west-
central Wales. Empire Journal of Experimental Agriculture 21: 116.

PHILLIPS, J. D., and PFEIFFER , R. K. (1958). An example of the relation between palatability
of pastures and selective buttercup control. Proceedifigs of the 4th British Weed Control
Conference. p. 15.

PLICE , M. J. ( 1952). Sugar versus intuitive choice of foods by livestock. Journal of Range
Management 5: 69.

REPPERT,  J. N. (1960). Forage preference and grazing habits of cattle at the Eastern
Colorado Range Station. Journal of Range Management 13: 58.

270



STAPLEDON , R. G. (1934). Palatability and the management of the poorer grasslands. Jour-
nal of the Ministry of Agriculture 41: 321.

STATEN , H. W. (1949). Palatability trials of winter pasture crops and effect of phosphate
fertilisers on palatability. Technical Bulletin Oklahoma Agricultural Experiment Station,
No. T-35.

STODDARD, L. A., and SMITH, A. D. (1955). “Range Management.” 2nd Ed. (McGraw-Hill
Book Co.: New York.)

TOMANEK , G. W., M ARTIN , E. P., and ALBERSTSON , F. W. (1958). Grazing preference com-
parisons of six native grasses in the mixed prairie. Journal of Range Management 11:
191.

W EIR, W. C., and TORELL , D. T. (1959). Selective grazing by sheep as shown by a com-
parison of the chemical composition of range and pasture forage obtained by hand
clipping: and that collected by oesophageal fistulated sheep. Journal  of Animal Science 18:
641.

271


	ASAP Home
	TOC Vol 5

