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Abstract

Zemmelink, G., 1980.Effect of selective consumption on voluntary intake and digestibility
of tropical forages. Agric. Res. Rep. (Versl. landbouwk. Onderz.) 896, ISBN 90 220
07294, (xi)+100 p., 26 fig., 15 tables, 151 refs, English, Spanish and Dutch summaries.
Also: Doctoral thesis, Wageningen.
A review of the literature showed that levels of excess feed in intake and digestibility trials
were quite variable. Nineteen forages of the species Stylosanthesguianensis, Desmodium
distortum, Centrosemapubescens,Brachiaria mutica and B. decumbens were offered in
diverse amounts to study the effect of level of excess feed on intake, and digestibility and
digestible crude protein content of the consumed dry matter. Also intake of morphological
components was measured. A discussion of statistical methods showed that the effect of
level of excess feed on intake was underestimated by direct regression of intake on excess.
To arrive at a correct estimate, intake should be related to the amount offered. A number
of restrictions were imposed on the regression model for this relationship. For most
forages, large effects were found of level of excess feed on intake.The response curves for
various forages intersected so that the ranking order of forages varied with the level of
excess feed. This behaviour was largely explained by selection between morphological
components and stem parts.The pattern of selection wassimilar tothat bygrazing animals.
It is recommended that intake of tropical forages should be measured not at one but at
various levels of excess feed.
Free descriptors: Stylosanthes guianensis, Desmodium distortum, Centrosemapubescens,
Brachiaria mutica, Brachiaria decumbens, sheep, stall feeding, leaf, stem, inflorescence,
protein, excess feed, regression models.
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Foreword

Theexperimental work that isdescribed inthisreport wascarried out during the
period 1971-1975, when I was seconded from the Agricultural University,
Wageningen, the Netherlands, to the Centro Internacional de Agricultura Tropical (CIAT), Cali, Colombia.
My thanks are due to the Agricultural University for letting me do thiswork in
Colombia and to CIAT, especially Dr N. S. Raun and his staff, for their great
hospitality and for providing all that was needed for this work, including labour,
experimental animals, animal housing and laboratory services.
Even before I arrived in Colombia, it was suggested that I could contribute to
the work of CIAT by measuring the nutritive value of forages. There were,
however, two problems. First, the pastures and forages programme of CIAT had
only just started. As a result, there were few forages to be tested at that stage.
Second, I did not know of a satisfactory technique to measure the voluntary
intake of tropical forages. I was acquainted with numerous papers in which these
techniques were described but the techniques appeared to be extremely variable
and open to criticism. My criticism centred on various aspects of the traditional
methods and stemmed from both practical and theoretical considerations. One of
the major concerns was, however, that some workers assumed that sheep in
metabolism cages eat forages unselectively and other workers attempted to
minimize selection by chopping the forages or giving small amounts of excess
feed. CIAT was mainly concerned with forages that are used in extensive grazing.
It seemed to me that data on intake and digestibility of these forages would be of
questionable value if they were determined under conditions where selection was
either entirely avoided or depressed to an unknown extent. Therefore the
emphasis was shifted from routine testing of many forages to a more critical study
on methods,with special attention to theeffects of varying degrees of selection.
Besides discussing the results of the work at CIAT, this report reviews
traditional methods for measuring intake and digestibility of forages, both in the
tropics and elsewhere. I have had to be rather critical of published work but, in
criticizing methods, I intend no criticism of the scientists who have done the
groundwork.
I hope that the results presented in this report will prove useful to further
development of methods for evaluation of tropical forages.
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S y m b o l s a n d n a m e s of quantities

Units of
measurement

Symbol Name of quantity
W

bodyweight of experimental animal

t

time

kg
d (=day)
-1

kg-075

OT

rate of offering total forage dry matter: mass of dry
matter offered divided by time and W 0 7 5 (in the
text referred to as amount of dry matter offered or
level of feeding)
Note: dry matter was estimated by drying to constant
weight at 65 °C

gd

IT

rate of ingestion of total dry matter: mass of dry matter ingested divided by time and W 0 7 5 (in the text
referred to as dry matter intake)

gd_1 kg-075

DT

rate of digestion of dry matter: mass of dry matter
digested divided by time and W°75 (in the text referred to as intake of digestible dry matter)

gd _ 1 kg~°75

rT

mass fraction of the offered dry matter refused (in the %
text referred to as percentage refusal, percentage residue or level of excess feed)
Note: r T /% = 100(O T -I T )/OT

dT

mass fraction of ingested dry matter that was apparently digested (in the text referred to as dry matter
digestibility)
Note: dT/% = 100(D T /I T )

%

OF

rate of offering dry matter of a certain morphological
component of the forage (in the text referred to as
amount of component offered)

gd-1 kg-075

IF

rate of ingestion of dry matter from a certain morgd"1 kg-075
phological component (in the text referred to as intake of component)

iF

mass fraction of dry matter of component that was
ingested (in the text referred to as relative intake of
component)
Note: ip/% = 100(I F /O F )

%

The general subscript F is replaced by the following subscripts to
identify the morphological components:
L
Ls
LI
S

leaf (for legumes including petiole; for grasses leaf
blade only)
leaf sheath
leaf+inflorescence
stem

Other symbols and abbreviations
CP
DCP
SD
SE
RSD
RCV
ASE
P
df
x

crude protein
apparently digestible crude protein
standard deviation
standard error
residual standard deviation from regression
residual coefficient of variation
asymptotic standard error
probability
degrees of freedom
independent (explanatory) variable in regression equation
y
dependent variable in regression equation
y'
first
derivative of y (dy/dx)
a
intercept of y
b,c
regression coefficients
p,m,h parameters in regression model 3 (pages 35-36)
r
linear correlation coefficient
r2
determination coefficient of linear correlation of y with
x
R2
determination coefficient defined as
Œ ( y - y ) 2 - I ( y - y ) 2 } / I ( y - y ) 2 ; also used for nonlinear regression
Note: Axes of graphs are labelled according to the convention
physical quantity=numerical value x unit, or numerical
value=physical quantity/unit

1 Introduction

Animalsgrazing tropical pastures generally producelessmeat and milk per year
than similar animals grazing temperate pastures. Many factors contribute to this
lower productivity of livestock in the tropics (e.g.McDowell, 1972;Smith, 1976).
One important factor is, however, the lower nutritive value of tropical pasture
plants than temperate pastures. This is well illustrated by Minson & McLeod
(1970), who studied the frequency distribution of digestibility for 543 samplesof
tropical grasses and 592 samples of temperate grasses. In both groups, a wide
range of values was found but the mean value for tropical grasses was 12.8
percentage units less than that for temperate grasses. Moreover, only 28% of the
tropical pasture samples had a digestibility of 60% or more against 75% of the
temperate pasture samples.Tropical forages are often not only low in digestibility
but also in content of protein and minerals. In extreme situations, which are far
from rare, protein is indeed the major limiting nutrient (van Niekerk, 1975).
Where protein and other specific nutrients are not deficient, the level of animal
production is largely determined by the daily intake of digestible energy. When,
asfor grazing animals,forages are given adlibitum, the intake of digestible energy
depends on the digestible energy content in forage dry matter and on voluntary
intake. In the earlier work on tropical forages reviewed by Butterworth (1967),
only the approximate composition and digestibility were measured, but not the
voluntary intake.
More than 20 years ago, workers at the MacDonald College in Canada
formulated the hypothesis that differences in the intake of digestible energy from
various forages were largely aconsequence of the relative amounts in which these
were voluntarily consumed (Crampton, 1957; Crampton et al., 1957). The
significance of voluntary intake was confirmed by their finding that differences in
dry matter intake explained 70% of the variation in intake of digestible energy
while differences in the digestibility of energy explained only 30% (Crampton et
al., 1960). Milford (1960a,b), who was the first to measure the intake of
(sub)tropical forages according to Minson (1971a), concluded that the seasonal
variation in voluntary intake of subtropical Australian forages was twice as large
as the variation in dry matter digestibility and Ingalls et al. (1965) obtained
similar resultswhile comparing the voluntary intake and dry matter digestibilityof
United States forages. Also the results of these authors, comprising data on 90
and 15 forages respectively, indicate that differences in voluntary intake of dry
matter explain much more of the variation in intake of digestible dry matter, and
therefore digestible energy, than differences in digestibility.
The importance of voluntary intake is now generally recognized by workers
evaluating forages. Crampton and his coworkers used the term feeding value of
1

forages when referring to the combined effects of digestibility and voluntary
intake. Others (e.g. Milford, 1964; Raymond, 1969 p. 3; Minson et al., 1976 p.
314) use also the term nutritional or nutritive value for that, thereby adding an
extra dimension to a term which bytradition wasand bymany authors still isused
to refer only to the nutrient content1.
Since about 1960, numerous authors have measured the dry matter intake of
forages and combined this with a measure of digestible energy content in dry
matter to arrive at the Nutritive Value Index (Crampton et al., 1960), the Dry
Matter Nutritive Value Index (Ingalls et al., 1965), intake of digestible energy
(e.g. Heaney et al., 1966), intake of digestible organic matter (e.g. Minson, 1972)
or intake of digestible dry matter (e.g. Milford & Minson, 1968a). Most workers
in the (sub)tropics measure digestibility and voluntary intake simultaneously in
one trial, considering that any discrepancy caused in the digestibility data by
unstandardized levels of intake are more than offset by the additional data on
voluntary intake (Milford, 1964; Minson et al., 1976).
All the above measures of the feeding value of forages are essentially the same:
they measure the voluntary intake of digestible energy or an approximation of it
in terms of digestible organic matter or digestible dry matter. The energy content
in dry matter or in organic matter of forages varies to some degree, aswell as the
relationship between the digestibility of energy and the digestibility of organic
matter or dry matter (Heaney et al., 1966; Minson & Milford, 1966; Jeffery,
1971b). So one could argue that, wherever possible, the intake of digestible
energy should be determined and not the approximations. The major problem is,
however, that all those measures are affected by the large experimental variability
in dry matter intake (Donefer, 1966;Barnes, 1968;Heaney et al., 1968; Heaney,
1970, 1973). All these authors stress that methods of measuring voluntary intake
of forages should be examined critically to reduce this variability, both between
and within laboratories. Heaney et al. (1968) even suggest that it might be less
than fully justified to continue the routine measurement of voluntary intake of
forages until this variability can be reduced.
Voluntary intake of forages is affected by many factors. Raymond (1966,
1968, 1969) proposed that these could be usefully divided into two classes:
intrinsic and extrinsic factors. When experiments are designed to establish differences in the voluntary intake of various forages, extrinsic factors may be defined
as those related to the experimental animal (species, breed, age, size, sex,
physiological state, health), the environment (climate, housing conditions), the
way of processing the forage before feeding, and the methods used in the
experiments (e.g.method and frequency of presentation, and frequency of removing refused feed). Intrinsic factors may then be defined as those inherent to the
forage. In order to obtain comparable data en the voluntary intake of different

1. In this report, no distinction will be made between these terms. Also the term nutritive value of
forages will be used to refer to the combined effects of intake and the digestible nutrient content of
forage.

forages, the extrinsic factors must be controlled so that unbiased estimates of the
intake as an inherent characteristic of the forages are obtained. Raymond (1969)
stressed the need for rigid standardization of the conditions under which intake
measurements were made, i.e. the total complex of extrinsic factors, especially
with a view to the comparison of data from different centres.
The voluntary intake of forages can only be measured if the forages are offered
ad libitum. Raymond (1969,p. 27-28) included this requirement in his definition
of the intrinsic factors that affect intake of forages as those which are inherent to
the forage, or those which determine how much of a forage an animal could eat
under ad libitum conditions.
The meaning of the term ad libitum is, at first sight, clear: the amount of feed
offered is larger than the amount eaten, i.e. an excess of feed is offered. The
matter is however complicated by the fact that many forages, especially those
grown in the tropics, are eaten selectively, so that the leaving of some part of the
offered feed uneaten could still mean that the animals would consume more if
more were offered, i.e. if more opportunity for selection were given. This may be
true for grazing and stall-fed animals, and for cattle aswell as sheep (Zemmelink
et al., 1972). Greater opportunity for selection may also increase digestibility of
the consumed part of the forage so that the measured nutritive value in terms of
voluntary intake of digestible energy could be affected by an increase in both the
voluntary intake and digestibility. The same may occur for the intake of single
digestible nutrients such as digestible crude protein.
While a larger excess of feed can increase the selection, chopping of forage
would be expected to depress it. Thus the degree of selective consumption
allowed in assay of nutritive value can be varied in at least two ways.This report
dealsprimarily with the question how various levels of excessfeed may affect the
results of nutritive value assay experiments.
The review of the literature (Chapter 2) indicates that the level of excess feed
has not been standardized and that few studies have been conducted to analyse
the possible effects of that. Special attention was given to this aspect in a number
of trials with tropical forages at the Centro Internacional de Agricultura Tropical
(CIAT) at Cali, Colombia (Chapter 3). Analysis of the results of those experiments indicated that the conclusions would be strongly affected by the choice of
explanatory variable and regression models used to explain the variation in intake
(Chapter 4). Chapter 5 presents the results of the CIAT trials with tropical
forages (mainly long and unchopped) and of a repeated analysis of data from the
literature on chopped forages from the tropics and temperate regions. In the
CIAT trials the intake of various morphological fractions wasestimated aswell as
the intake of total dry matter. These data, which are also presented in Chapter 5,
form the basis for a further discussion of the observed effects in Chapter 6.

2 Literature

2.1 Levels of excess feed in assay for nutritive value
2.1.1 Introduction
The literature includes many papers on ad libitum or voluntary intake of
forages. Many other papers have appeared on nutritive value of forages and deal
with voluntary or ad libitum intake, together with digestibility, as an important
component of the nutritive value. The two terms, ad libitum and voluntary intake,
are in this context usually treated as synonyms, although some authors seem to
prefer to use ad libitum while others prefer the alternative term.
In a comprehensive review on the nutritive value of forage crops, Raymond
(1969, p. 28) states: "Voluntary intake is generally defined as the amount animals
will eat when an excess of 15% is offered (Blaxter et al., 1961)." While this
statement suggests that the term ad libitum intake has been well defined, it is in
fact a questionable interpretation of the paper of Blaxter et al. (1961) and a
mis-statement of facts on a generally accepted standardization of methods.
The following, slightly abridged quotation from the paper of Blaxter et al.
(1961) clarifies the first issue.
"In order to avoid subjective bias in assessing the voluntary intake, it was
thought of particular importance to ensure that the same excess of food was given
to each animal and that the feed refusals should be adjusted to be of large
magnitude. To do this, a sequential method of feeding was first developed and
tested. The method consisted in feeding each sheep 1.15 times its mean consumption on the previous two days. This method was expected to provide a 15% excess
of food at all times to each animal. It was found, however, that the method was
not suitable. On occasions the food intake of an individual would fall considerably, to as low as 70% of its previous mean daily intake. As a consequence of
sequential feeding, the food offered was reduced. It was invariably found that the
whole of this allowance was consumed the following day suggesting that the low
intake was a sporadic happening. The sequential method accentuated the duration
of these falls in food intake by limiting the food offered subsequent to the refusal.
A second method was therefore devised in which adjustments of food offered
were made if and only if the amount of food refused was less than 15% of that
offered. Then the food offered was increased to 1.15 times that consumed during
the previous day."
So Blaxter and his co-workers indeed attempted to offer their forages at a level
providing an excess of 15% for each animal, but found it impossible to achieve
this intended level of excess feed. The description of the method they finally used

suggests that all animals were fed at a level leading to a residue of 15% or more
of the offered feed or an excess of 17.6% or more over the amount consumed.
How much higher this excess would be would depend on the amount offered
during the first days of the experiment, the daily variation in feed intake by the
individual animals, and the question how strictly was adhered to the 'if and only
if' statement in the description of the method. The description of the method
certainly leaves a wide margin for variation because it only requires that the
amount of excess feed be at least 15% of that offered. No restriction is made
about the maximum percentage feed refused. In other words, if in a feeding trial a
residue of 20 or 25% of the offered feed were measured, it could not be said that
a method was used different from that described by Blaxter et al. (1961).
Also Jeffery (1976) suggests that after the work of Blaxter et al. (1961) it was
accepted that voluntary intake could be measured by offering 15% above appetite. However very few other authors cite Blaxter et al. (1961) or Raymond
(1969) in the description of their methods and the reported methods differ
considerably in many trials from both the method used by Blaxter et al. (1961)
and that suggested by Raymond (1969).
The following sections summarize methods described in the literature. Because
this report is primarily concerned with the effects of selective consumption in
tropical forages, it was not considered necessary to cover all the literature or to
discuss all the aspects of the methods employed by the various authors. Especially
the review of methods employed by workers in temperate areas is therefore
limited. Even so, it may serve as illustration of the degree of standardization in
those regions and as comparison of methods used with the one used by Blaxter et
al. (1961) or the one suggested by Raymond (1969). A more comprehensive
review of methods used by workers in the tropics and sub-tropics is given,
subdivided according to three areas: Australia, Florida, and the tropics and
sub-tropics outside Australia and the United States. Most studies on the voluntary
intake and digestibility of forages are on sheep. The following review is also
restricted to reports on experiments with sheep, with only a few exceptions which
are mentioned explicitly.
2.1.2 Levels of excess feed reported in the literature
2.1.2.1 Temperate areas
A survey (Technical Committee, 1966) shows that methods in trials on nutritive
value of forages varied in a number of respects, including the frequency of feeding
and removal of residues, and the level of feeding. Table 1gives the answers of 36
workers, mainly from the USA, to the question how much feed was offered in
intake assays in their laboratories. Most of them aimed at residues of 10% of the
amount consumed. Some, however, mentioned a residue of 10% as the maximum
of a range which, on the lower side, also included values as low as 2 % or even
less. So in most of the earlier work in Northern America, a lower percentage
refusal was allowed than in the experiments of Blaxter et al. (1961). However

Table 1. Levels of feeding in assays for voluntary intake on forages, according to the results
of asurvey of methods in the USA and Canada
(Technical Committee, 1966).
Number of
respondents

Amount of forage offered
(Description by respondent)

1
1
17
2
1
2
2
1
1
1
1
2
2
1
1

100% of consumption
100% plus of consumption
110% of consumption
115% of consumption
120% of consumption
102-110% of consumption
105-110% of consumption
110-115% of consumption
110-120% of consumption
110-125% of consumption
110-130% of consumption
2-3% of body weight
ad libitum
maximum
maintenance plus

some workers in the same area accepted residues of 30% of the amount
consumed or 23% of the amount offered. Thus there was aconsiderable variation
in the amounts of excess feed in the earlier work in Northern America. The term
ad libitum or voluntary intake met with avariable interpretation, even within this
limited area.
A brief review of the recent issues of the Journal of Animal Science indicates
that most workers in the temperate areas of Northern America have continued to
allow less than 15% excess feed. The amounts of excess feed are as a rule
expressed as a percentage of intake and the authors often indicated that the
amount of forage offered was adjusted each day to arrive at the desired level of
excess feed. The following percentages of excess feed were reported:
5-10% (Colovos et al., 1970; Harmon et al., 1975)
10% (Ademosun et al., 1968; Jones et al., 1972)
10-20% (Brown et al., 1968).
Other authors only report that the forages were offered ad libitum without
further specification (Hawkins et al., 1970;Jones et al., 1971;Muller et al., 1972;
Koes &Pfander, 1973)orthat "conventional methods"wereused (McCampbell &
Thomas, 1972).
Amongst all the papers in the last ten volumes of the Journal of Animal
Science, I found only one (Forbes, 1970) in which sheep were fed to "at least
15% in excess of the intake on the previous day", as implied by Blaxter et al.
(1961). It described studies on the intake of hay and silage by pregnant ewes at
the University of Leeds, England. Hutchinson & Wilkins (1971), working at the

Grassland Research Institute Hurley in England, offered silage at about 20%
above consumption to sheep, but in a following trial silage was offered at about
15% above consumption (Hutchinson et al., 1971).Terry et al.(1975),working at
the same institute, offered silage and a mixture of silage and alkali-treated straw
to sheep at 15% above the previous day's intake. When the intake of similar
rations bycalveswasmeasured, however, the silagewasoffered at 15% above the
previous day's intake, but the mixtures of silage and straw at 10% above the
previous day's intake.
This choice between two distinct levelsof excess feed (10 or 15%) isalso found
in a recent guide on methods used at Hurley (Cammell, 1977). This guide does
however not state when the percentage excess feed should be 10 and when 15.
This guide, which was written with a view to frequent requests for information
from overseas, recommends a method of arriving at the chosen level of excess
feed which was not found in any other paper: "Animals are offered the same
quantity of feed on days 1and 2,at levelsbelow theexpected maximum.The feed
refused from day 1iscollected prior to offering feed on day 2.The weight of feed
consumed on day 1 is calculated and 10 or 15% of this figure is added. This
weight of feed isoffered to the animal on day 3.Similarly, the feed consumption
figure from day 2 is used to calculate the weight of feed offered on day 4. This
system is continued on succeeding days throughout the preliminary feeding
period . . . and during the measurement period." This technique, according to the
guide, "minimizes daily fluctuations in intake and enables the amount of feed
offered to be kept to a minimum whilst feeding to appetite."
A large number of forage evaluation studies, including the measurement of
voluntary intake and digestibility and using sheep as the experimental animal,
were performed at the National Agronomy Research Institute (INRA) in France.
The workers there too allowed smaller amounts of excess feed than 15%.
However also in the work from this centre, there was no consistency in the levels
of feeding. The following amounts of excessfeed, again expressed as a percentage
of intake, are reported in the work from INRA:
5-10% (Demarquilly, 1970b,c; Demarquilly & Andrieu, 1972; Andrieu &
Demarquilly, 1974b)
10% (Demarquilly, 1969, 1970a, 1973; Dulphy & Demarquilly, 1973;
Andrieu & Demarquilly, 1974a; Dulphy & Michalet, 1975)
10-15% (Demarquilly & Journet, 1967; Dulphy, 1972; Dulphy & Demarquilly, 1972; Geoffroy, 1974).
Demarquilly & Jarrige (1970) state in a review covering the data of many
earlier studies that the forages were offered at 10% above intake. In one of the
earlier papers,however, it isindicated that the 10% target wasinfact the meanof
a 5 to 15% range (Demarquilly & Jarrige, 1964). It is not entirely clear,
therefore, how the narrower ranges of 5-10 and 10-15% which were mentioned
in the later studies should be interpreted.

2.1.2.2 Australia
In the early studies at the Division of Tropical Pastures of CSIRO, Milford
(1960a,b) did not provide his chopped forage (grasses) for a certain percentage
residue but for a certain absolute amount of refusal: the appetite of each animal
wasestimated during apreliminary period and during the collection period 200 to
300gin excess of this amount wasoffered. A comparison of thesefigureswith the
intake data (Milford, 1960b) shows that the excess feed, when expressed as a
percentage of the amount offered, could have varied from 15 to 60%. The same
method of standardization wasalsoused in afollowing study on the nutritive value
of tropical legumes (Milford, 1967).
Later the method at the same laboratory was altered. Minson (1967) gave the
firstdescription of the later method. Minson and Milford (1967) added a number
of further specifications to the description, which were, in a slightly different
wording repeated by Minson & Milford (1968): "Ad libitum feeding conditions
were ensured by feeding, on the first day of both the preliminary and measurement periods, approximately 250gof feed in excessof anticipated intake, and this
level of excess feed was maintained in the feed container throughout each trial.
Feed residues were only collected at the end of the preliminary and measurement
period, thus avoiding excessive feed selection."
This later method apparently originated from experience in Canada (Heaney et
al., 1963), where it was recognized that comparison between chopped and
pelleted feeds could be biased by the effect of selective consumption of the
chopped feeds if larger amounts of residues were allowed. In Australia, itwas also
first used in trials in which the voluntary intake and digestibility of chopped and
pelleted feeds were compared (Minson, 1967; Minson & Milford, 1968) or in
which the effect was measured of a legume supplement on the intake of grasses
with alow protein content (Minson &Milford, 1967).Although the first following
paper (Milford &Minson, 1968a) only states that the forages- chopped legumeswere offered ad libitum, all subsequent papers dealing with the voluntary intake
and digestibility of chopped forages mention the later method (Milford &Minson,
1968b; Minson, 1971b, 1972, 1973; Rees et al., 1974).
This change of method indicates that the CSIRO workers recognized that the
opening statement of Milford (1960a) was invalid: feeding in pens did not
eliminate selection, even when forages were chopped.
With reference to the statement of Raymond (1969) about generally adopted
methods for assay of dry matter intake, the CSIRO workers in their effort to
prevent selective consumption disregarded another element which was important
according to Raymond (1969), namely that feed refusals should be removed
before new feed was offered in order to avoid soiling the new feed. The need to
remove refused feed was also stressed by Milford (1964, p. 152), in what may be
regarded as an official guide to methods at CSIRO. Although the same text was
reprinted in 1968, the methods in use at the CSIRO laboratory had by that time
been drastically changed.
In a more recent guide of CSIRO, Minson et al. (1976, p. 318) no longer
mention the importance of removing feed refusals. Instead they state that "feed
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selection can be reduced if excess feed is given on the first day and this level of
excess feed maintained in the feed box throughout the trial" but, expanding on
this: "Feed refusals are not collected until the end of the ten-day measurement
period and then usually only equal 5-7% of the total feed offered." This suggests
to me that the amount of uneaten feed in the trough at the end of the ten-day
measurement period is 50 to 70% of the amount offered per day, in other words
that instead of maintaining a relatively small amount of refused food in the
trough, the refusals are allowed to build up to quite high levels at the end of the
experiment.
Few other Australian workers adhered to one of the methods as described by
Blaxter et al. (1961), Milford (1960a), Minson (1967) or Minson et al. (1976).
Only Williams &Miller (1965) quote Blaxter et al. (1961) for the methods used
in a study on the voluntary intake of three mixtures of chopped cereal hay,
lucerne hay and cereal straw by sheep. And only Robinson & Sagemen (1967)
used the method of Milford (1960a), with a constant absolute amount of excess
feed that was removed daily, in a study on the nutritive value of rice straw and
five mature grasses from north-western Australia. Instead of quoting Milford
(1960a), who suggested that chopping would exclude selection, they justified the
method in a different way: "The chopped grasses were fed ad libitum at first, but
it was immediately evident that the sheep selected the more palatable parts. A
technique was therefore adopted whereby the voluntary intake of the animal was
established during the run-in period and a quantity of 200gaday in excessof this
was allowed. Some material wasconsistently deemed inedible by thesheep . . . . "
Newman (1968), in a study on the nutritive value of chopped Stylosanthes
humilis, a mixture of this with Pennisetumpolystachion,Stylosanthes guianensis
and two cuts of Brachiaria mutica state that "The daily ration was arrived at
during the pre-feed periods and ad libitum feeding was aimed at thereafter with
10% in excess of the previous day's consumption being offered." Thus Newman
used precisely the method that Blaxter et al. (1961) had found unsuitable, with
the difference that he aimed at a percentage of refusal which was considered
inadequate by Blaxter et al. (1961) and that he used the previous day's consumption as basisof reference rather than the mean consumption on the two preceding
days. In afollowing paper on the nutritive value of 14native pasture species from
central Australia, including grasses, shrubs and forbs, Newman (1969) reported
only that the chopped forages were fed ad libitum, without further specification.
Also Jeffery (1971a) only states that he offered the forages- freshly cut and
chopped P. clandestinum and mixtures of this with several legumes- ad libitum,
again without reference or further specification.
Michell (1973), in a study on the nutritive value of chopped hay of Tasmanian
pasture species, also reports feeding ad libitum but adds that the refusals were
removed once a week. Whether he took over the method of Minson (1967) and
Minson & Milford (1967) is not clear.
Playne (1969a,b), in a study on the effect of mineral and protein supplements
on the intake and digestibility of chopped Stylosanthes humilis andHeteropogon
contortusor a mixture of these, reports that the sheep were fed at a level about

15% above their expected intake (Playne, 1969a) or approximately 15% more
than their previous day's intake (Playne, 1969b). According to the two papers
rejected feed was allowed to accumulate in the feed bin for eleven and seven
days, respectively. If the method was indeed as described, the sheep should have
had an amount of rejected feed in the trough that reached more than 1-1.5 times
their daily intake by the end of the trial.
In later work (Playne & Haydock, 1972; Playne, 1972a,b) chopped forages
were offered either at 15-25% more than their previous day's intake or "14-23%
above actual intake", and rejected feed was removed daily.
Siebert & Kennedy (1972) and Kennedy & Siebert (1972), in studies on the
utilization of Heteropogon conforms,did not report to have chopped the forage.
They offered the forage at 110% of the previous day's consumption. Nath et al.
(1971), however, fed Indigofera enneaphylla and I. cordifolia at 25% above
expected intake. Romberg et al.(1969),in astudy on the effect of chemical curing
with paraquat on the intake and digestibility of mature pasture forage, report that
"conventional digestibility trial techniques" were used. This description hardly
lends itself for interpretation, even within the limited context of Australia.
In conclusion the methods employed in dry matter intake and digestibility trials
in Australia are extremely variable. Certainly the remark of Jeffery (1976) that
after the work of Blaxter et al. (1961) it was accepted that voluntary intake could
be measured by offering feed at 15% above appetite, may not be interpreted as
meaning that this has been an accepted standard in Australia at any time.
2.1.2.3 Southern United States (Florida)
The work in the Southern United States is of special interest in the context of
this paper because it often related to the nutritive value of forage species used
also in Australia and other parts of the (sub)tropics. However the workers in
Florida would have close liaison with colleagues in other parts of Northern
America, who work with temperate forages.
Ammerman et al. (1972) studied the voluntary intake of low-quality Digitaria
decwnbens with and without supplementary nitrogen. The amount of forage
offered was "at least 10-15% more than the previous day's consumption." In a
similar study by Fick et al. (1973) the amount of hay offered was reported as
10-15% more than the previous day's consumption. Whether omission of "at
least" in this second study is supposed to indicate a difference in the level of
feeding from the earlier trials is not clear.
Ventura et al. (1975) studied the effect of maturity and protein supplementation on the voluntary intake and digestibility of Digitaria decumbens. Instead of
feeding for a constant percentage of residue, they fed for a constant absolute
amount of excess feed: 100-200 gram per day. Similar methods were used by
Baldwin et al. (1975) in a study on the nutritive value of ensiled Digitaria
decumbens and water hyacinth (Eichhomia crassipes). They reported the excess
feed to be 300 gram per day.Whether thiswason adry matter basisisnot stated.
In an earlier paper from Florida (Moore et al., 1970),two distinct levels of excess
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feed, 15% of intake and 200-300 gram per day, are reported for the methods in
two closely related series of experiments on the nutritive value of Paspalum
notation, Cynodon dactylon and Digitaria decumbens.
J. E. Moore (Department of Animal Science,University of Florida, Gainesville,
Florida 32611, USA) told me in a personal letter (1977) that at the University of
Florida, the procedure is now designed to give about 200 gram excess feed per
animal per day for all diets, so that the level of excess feed expressed as a
percentage of intake, is higher for forages with low intakes than for forages with
high intakes, and a greater opportunity for selection is allowed for the poorer
forages.
An earlier description of the methods used at the University of Florida (Moore
& Waller, 1971) suggests that the amount of excess feed may in practice
vary tosomedegree: "Voluntary intake measurement isachieved byadjusting the
quantity offered to each sheep daily to provide between 100 and 200g of orts
(refused hay) each day. . . . If a sheep leaves lessthan 100gon any given day, the
amount offered isincreased by 100g, but if no orts are left, the amount offered is
increased 200g over the amount offered the day before. If more than 200g are
left for three consecutive days, the amount offered is reduced by 100geach day
until 100-200 g are left. The amount offered is increased on any day when it is
necessary but the amount offered isdecreased only after asheep leaves more than
200g for three consecutive days."
2.1.2.4 Tropics and sub-tropics outside Australia and the United States
Methods employed by workers elsewhere in the tropics of sub-tropics are as
variable as those described above, or even more so.
Miller &Blair Rains (1963) studied the voluntary intake of 24 freshly harvested
forages by cattle or sheep in Northern Nigeria. After the animals had been
accustomed to the metabolism crates "the forages were fed ad libitum for a period
of seven days, during which intake was measured. During the following ten-day
collection period an amount of herbage equal to that consumed by the animal
with the largest intake plus about 10% was offered to each animal in the trial."
The same methods were used in experiments with silages, and hays and crop
residues (Miller et al., 1963; 1964). Thus, Miller and his coworkers offered the
same amount to individual animals, rather than aiming at the same amount or
percentage residue per animal. The silages in these studies were from chopped
materials, but no mention is made whether the fresh and dried forages were
chopped. In later studies at the same station on the voluntary intake and
digestibility of longAndropogongayanusbysheep,Haggar &Ahmed (1970) used
a constant residue equal to 25% of the amount offered, and called this "feeding to
appetite." In a study on the effect of various supplements on the voluntary intake
and digestibility of mature Andropogon gayanus, Haggar (1972) offered approximately 130g dry matter per kg 075 bodyweight of this forage and called this a
"restricted level of feeding", even though 50-60% of the offered feed was
rejected. Brinckman (1975) at the same station, examined the nutritive value of
long Chlorisgayana, Andropogon gayanus, Stylosanthes guianensis,Stylosanthes
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humilis and groundnut haulms (Arachis hypogaea)and calculated the ration to be
25% in excess of the previous day's intake.
Smith (1962a) determined the intake by cattle of unchopped mature veld
and veld hay in Rhodesia by offering 33% in excess of the voluntary intake, and
used the same level of excess feed in a study on the nutritive value of Chloris
guyana, a mixture of this with Stylosanthes guianensis, and Dolichos lablab
(Smith, 1962b), remarking that this method allowed a measure of selective intake
and therefore approximated to field conditions. Also in Rhodesia, Elliott
(1967a,b) studied the voluntary intake of chopped low-protein Chlorisgayana
hay by sheep and cattle, which also received various amounts of concentrates. He
offered the hay in amounts approximately 50% above intake and stated explicitly
that this large amount of excess feed was found necessary to ensure that the hay
was available ad libitum.
Chenost (1972b) performed a similar study in Guadaloupe on Digitaria decumbens.He did not report whether the forage was chopped. Neither did he state the
levelof feeding. But in other studieson the nutritivevalue of D. decumbensat the
same laboratory, he offered the forage for a residue of 10%, even though the
freshly harvested forage sometimes included up to 20% dead material (Chenost,
1972a, 1975).
Grieve & Osbourn (1965), studying the nutritive value of five grasses in
Trinidad (Cynodon dactylon, Setaria sphacelata, Cynodon plectostachyus,
Brachiaria decumbens, Digitaria pentzii, and Brachiaria ruziziensis), did not
report whether the forages were chopped but stated that refused feed varied
between 10and 30% of that offered, or 11to 43%of consumption, and described
this as "feeding to appetite."
Butterworth (1965) studied the nutritive value of chopped Pennisetum purpureum in Venezuela and reported that residues of up to a third of the material
offered were necessary to attain "maximum" intake.The grasswasfinelychopped
but even so, "selection was practised to a considerable degree." Similar methods
were used at the same centre to study the nutritive value of Digitaria decumbens
and Cynodon dactylon (Butterworth & Butterworth, 1965).
Combellaset al. (1972a) and Combellas &Gonzalez (1972a,b; 1973a,b) at the
University of Maracay in Venezuela measured the nutritive value of Cynodon
dactylon, Cenchrus ciliaris, Panicum maximum, Echinochloa polystachya and
Brachiariamutica,all at various stages of growth. Although all these studies were
at the same centre, the selectivity permitted varied enormously. The first three
papers do not mention whether the forages were chopped. The Echinochloa
polystachya,however, was chopped and in the study on Brachiariamutica forage
grown under irrigation in the dry season was offered as long forage, whereas that
grown in the rainy season waschopped before feeding. The residue varied at least
from 21 to 53% of the offered forage. In the studies on Cenchrusciliaris,
Echinochloa polystachya and Brachiaria mutica, the percentage excess feed is
stated for each of the forage samples so that they can be taken into account in
comparison of data between trials. However the comparison of the data remains
problematic because of the magnitude of the differences in the percentages excess
feed. The study on the nutritive valueof Cynodondactylon mentions only that the
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amount of excessfeed was 26.6% of the intake with avery largestandard error or
standard deviation (it is not clear which is meant) of 10.4 percentage units. It is
not clear whether the percentage residue or excess feed was greater for the older
forages than for the younger forages. Similarly, the percentage refusal in the study
on Panicum maximum isreported to have varied from 25.1 to 75.7 (whether this
is a percentage of the amount offered or the amount consumed is not clear) and
again it isnot clear whether this variation was random or in some way correlated
with the maturity of the forage.
In a study byCombellaset al. (1972b) on the nutritive valueof hay made of the
aerial parts of Arachis hypogaea, the amount of forage offered was20% above the
measured consumption during the previous week. In a study on similar material
by Velasquez & Gonzalez (1972), the level of feeding is not stated. Also in
Venezuela, Garcia et al. (1972) measured the intake of Indigoferasp., chopped
and offered in amounts giving less than 10% refusal.
Johnson et al. (1967) measured the nutritive value of unchopped Panicum
maximum in the Phillipines, using cattle and buffaloes, and state: "All feeding
was ad lib.,the adjustment period being used to ensure that all animals expressed
their maximum voluntary intake levels. Presence of leafy material in the remaining orts was taken as an indication of satiety, with the stipulation that the weight
of orts be at least 10% of the feed offered."
Devendra (1975), reporting on the intake and digestibility of unchopped
Pennisetumpurpureum by goats and sheep in Trinidad, only states that the forage
was offered ad libitum, without defining this term. Similarly Djafar & Yuen
(1972) report only that "conventional methods" were used in a study on the
nutritive value of chopped forages of Pennisetum purpureum, P. merkeri and
Themada villosa for goats.
2.1.3 Summary anddiscussion
Methods of measuring the nutritive valueof forages have not been standardized
to any extent but are, on the contrary, extremely variable. Most authors who
report on the voluntary intake and digestibility of forages state that the forages
were fed ad libitum but the further description of this term issovariable, that the
term without further description becomes almost meaningless.
The statement of Raymond (1969), that voluntary intake is defined as the
amount animals will eat when an excess of 15% is offered, must perhaps be
interpreted as meaning that the residue should be at least 15%, as implied by
Blaxter et al. (1961). AU of the results based on trials in which 15% or more
residuewas allowed would then be covered by thisdefinition. However, even then
we would still find many exceptions. Not only in the temperate areas, where the
percentage refusal is in many cases much lower than 15%,but also,for instance,
in CSIRO in Australia where the methods are now also designed to give a low
percentage refusal. Moreover, the forages are in many cases chopped and at
CSIRO the refusals are not removed from the feeding troughs before the new
feed is offered. All these practices are designed to prevent selection as far as
possible.
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Many workers in the tropics, however, encourage selection by feeding long
forages and allowing large amounts of excess feed. And several authors suggest
that large amounts of excess feed were necessary to obtain valid estimates of
maximum intake for their forages. In other words, those authors indicate that a
residue of 15 or even 2 5 % did not necessarily mean maximum intake, even when
the forages were chopped (Butterworth, 1965). If so, the comparison of data on
the voluntary intake of forages might often be biased.
Methods vary between centres and even within centres. Clear examples of this
are the various amounts of excess feed allowed at INRA in France, CSIRO in
Australia, the University of Florida and the Faculty of Agronomy of the University of Maracay.
The methods used at CSIRO and at the University of Florida show some
modification with time. However, the changes in the methods at these two centres
went in opposite directions. The CSIRO workers first used a constant absolute
amount of residue which was removed daily but discarded this method about
1966, whereas at the University of Florida this method came into use as a
standard procedure in the early seventies. The more recent methods at CSIRO
are designed to prevent selection as much as possible without the need to pellet
the feeds; those at Florida are designed to provide "limited" selection but a
constant absolute amount of residue is used, so that there is a larger percentage
residue of forages whose intake is lower, thus allowing more selection in the
poorer forages (J. E. Moore, 1977 personal communication). The recent guide on
methods used at Hurley (Cammell, 1977) leaves a choice between 10 or 15%
excess feed, without specifying when the lower and when the higher figure should
be used, so adding to the confusion.
Investigators may modify procedures according to newly gained information
and the specific objectives of their experiments (Chalupa & McCullough, 1967).
Some of the large differences in the methods used by different workers may be
explained against this background. In experiments on the nutritive value of
forages produced in intensive systems for example, one may want to avoid
selection as far as possible because the forages are so used in practice, whereas in
evaluating forages used for extensive grazing more selection is allowed. In many
reports, however, I could not relate the observed differences in methods to
differences in the practical way the forages were used or to differences in the
objectives of the experiments. In a large proportion of the published reports, only
a vague description of the method is given, including the allowance for selective
consumption. The choice of a particular level of feeding often seems arbitrary.
2.2 Intended and actual levels of excess feed
In almost all papers, the level of excess feed is only mentioned in the section on
materials and methods, i.e. it nearly always reflects an intended level of excess
feed. Some authors, e.g. Combellas & Gonzalez (1972a; 1973a, b), reported the
achieved and not the intended levels of excess feed, and only very few authors
stated both so that a comparison between intended and actual levels of excess
feed can be made.
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2.2.1 Comparisonsreported in the literature
Newman (1968) offered five forages at an intended level of 10% excessfeed, by
offering each day 10% in excess of the previous day's consumption. The percentagesresidue per forage (average of two animals) which werecalculated at the end
of the experiment were however 17, 10, 10, 26 and 20%, respectively. Jeffery
(1976) offered two haysto 18and 19 animals, aiming at an amount of excess feed
equal to 15% of the intake, again by offering each day 1.15 times the previous
day's consumption. The average actual percentages of residue were 20 and 15,
respectively, with a range for individual animals of 14 to 33% and 6 to 20%,
respectively. Heaney (1973) provided five forages at four levels intended to give
0, 10, 20 and 30% of excess (relative to the amount offered; Heaney, personal
communication, 1977). Heaney used 16 to 24 animals per forage, or four to six
animals per level of excess feed in each case.The actual percentage refusal often
differed so much from those intended that it cannot beseen from the plotted data
in hisscatter diagrams to which of the four intended treatments the points belong.
Also in this study the actual levels of excess feed often deviated at least 5
percentage units from the intended levels.The scatter diagrams of Heaney (1973)
demonstrate that not only data of individual animals differed that much from the
intended level but alsothe meansof groups of four to sixanimals at each intended
level of excess feed.
2.2.2 Summary anddiscussion
The data of Newman (1968), Jeffery (1976) and Heaney (1973) indicate the
same problems that Blaxter et al. (1961) encountered when they tried to give
15% excess feed. With the daily variation in feed intake, Blaxter et al. (1961),
could not maintain afixedpercentage of excess feed and the data from the other
authors confirm this. Most authors who aimed at an intended level of excess feed
did not report the actual levels, but the available data suggest that the actual
levels could differ considerably from the intended. Therefore even comparison of
data from experiments with the same intended level of excess feed might be
biased.
Not only the daily fluctuations in intake may cause discrepancies between
intended and actual levels of excess feed. When the amount of feed offered is
based on the previous day's consumption there is no time to determine the dry
matter content of the refusal, which is necessary to calculate the amount of dry
matter consumed on thepreviousday.For dried forages, one mayperhaps assume
that the refusal has the same dry matter content as the offered feed but not for
fresh forages.Theproblem of establishing the amount of feed to be offered on the
basis of the consumption on preceding days may perhaps be overcome by the
method recommended by Cammell (1977; Section 2.1.2.1), because this allows
time to determine the dry matter content of refusals. The practice of feeding for
an intended level of excess feed remains, however, cumbersome. If the consumption fluctuates from day to day, frequent changes are necessary in the amount of
feed offered with all the complications of keeping records on the amount of feed
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offered day by day, and risk of mistakes increases. Even if this is all done
accurately, one is still regulating the level of feeding from past data and actual
amounts of excess feed are likely to differ from those intended.
2.3 Effect of varying levels of excess feed on the results of assay for
nutritive value
2.3.1 Effects reported in the literature
Playne (1968) offered chopped Urochloa mosambicensis to sheep at 115 and
140% of the previously determined intake and measured a statistically significant
increase in dry matter intake from 49.4 to 55.0 gd" 1 kg" 0,75 . Dry matter digestibility did not change with the greater amount of excess feed. In a later study on
the intake and digestibility of chopped Heteropogon contortus, Playne (1972a)
found a statistically significant increase in dry matter intake from 38.0 to
42.0 gd" 1 kg - 0 75 when he increased the amount of excess feed from 14 to 46% of
the intake. However, the digestibility tended to decrease and the resulting
increase of 6% in the intake of digestible dry matter was not statistically
significant. No effect on voluntary intake or digestibility was found when finestemmed Stylosanthes humilis was offered at 22, 38, 50 and 72% above intake
respectively (Playne & Haydock, 1972).
Myles (1970) offered Digitaria decumbens hay at eight different levels aiming at
levels of excess feed varying from 5 to 1200 gd" 1 . Neither the voluntary intake
nor the digestibility were affected by the large differences in levels of excess feed.
Heaney (1973), in a study on the intake and digestibility of five chopped
Canadian forages (hay made from red clover, timothy and two cuts of lucerne,
and oat straw), aimed at four levels of excess feed, 0, 10, 20 and 30% of the
offered feed. Because he found it impossible to maintain these levels of excess
feed because of day-to-day fluctuation in intake (Section 2.2.1), he analysed the
results on the basis of data from individual animals by regression of dry matter
intake and digestibility on the actual percentage residue. He concluded from the
analysis that there was a slight increase in dry matter intake as the opportunity for
selection increased, due to a slightly lower intake at low levels of excess feed and
higher intakes when the excess feed approached 30%. No effect of opportunity
for selection on intake was measurable when the extreme treatments were
excluded and the residue varied only from 5 to 2 5 % . Similarly no significant
effects of opportunity for selection on dry matter digestibility and on intake of
digestible energy were found with percentages residue varying from 5 to 20 or
2 5 % . Jeffery (1976) made a similar study with chopped Pennisetum clandestinum
and correlated intake and digestibility of dry matter with the residue expressed in
percentage of intake, which varied from 1 to 60%. The results suggest that
digestibility increased in a linear fashion from 71 to nearly 7 5 % with the
percentage residue. Dry matter intake, however, was only depressed at residues
below 15% and remained constant when the residue rose from 15 to 60%.
Methods similar to those of Heaney (1973) were used by Brinckman & Dimka
(Shika Research Station, P.O. Box 116, Zaria, Nigeria; unpublished data) in
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experiments on the voluntary intake and digestibility of coarsely chopped mature
Chloris gayana and Digitaria smutsii. Both forages were fed to 24 sheep with
residues ranging from 2.6 to 70.8 and 7.3 to 53.5% of the offered dry matter,
respectively. For both forages, dry matter digestibility was positively correlated
with the percentage residue (P<0.01). Dry matter intake was not affected by the
percentage excess feed for Chloris gayana (b= - 0 . 0 2 , P > 0 . 5 0 ) . For Digitaria
smutsii, however, there was a significant correlation between voluntary intake and
percentage residue (P<0.05). Voluntary intake of dry matter increased by
0 . 3 9 g d - 1 k g - 0 7 5 for every unit increase in the percentage residue.
Haggar & Ahmed (1970) found large increases in dry matter intake ( 8 15 g d _ 1 k g - 0 7 5 ) of unchopped Andropogon gayanus when they offered this at a
lower level leading to a residue of about 25% of the offered forage and at a
second level in which the amount of offered forage was increased by 50%. Here
also dry matter digestibility was increased by about 10 percentage units at the
higher level of feeding. Haggar (1972) confirmed these results in a second study,
again with Andropogon gayanus. He also found that dry matter intake and dry
matter digestibility decreased when the forage was chopped and that the effect of
level of feeding on voluntary intake was much smaller when the forage was
chopped than when long forage was offered: 3.3 and 8 . 7 g d _ 1 kg" 0 7 5 , respectively. Zemmelink et al. (1972) also found large increases in the voluntary intake
by cattle of long A. gayanus hay, with higher levels of feeding: five cuts of A.
gayanus were offered at 69, 93 and 116g (dry matter) d _ 1 k g " 0 7 3 and average
intakes of 47.7, 59.3 and 68.3gd~x k g - 0 7 3 , respectively, were measured at these
levels of feeding. On all levels of feeding, including the lowest, considerable
amounts of leaves were left in the refusals. Johnson et al. (1967; Section 2.1.2.4)
considered the presence of leafy material in the refusals an indication of satiety.
The above data, however, demonstrate that even this does not guarantee that
maximum feed intake was measured, as confirmed at CIAT (1972) in a trial using
sheep and chopped, mature Para grass hay (Brachiaria mutica): when
ó S g d ^ k g - 0 - 7 5 was offered, the sheep left 23 g (34%), containing 22% leafy
material. Nevertheless, intake increased from 45 to 5 6 g d " 1 k g - 0 7 5 when the
amount offered was increased to 1 3 6 g d " 1 kg" 0 7 5 .
2.3.2 Summary and discussion
The reported effects of level of excess feed on the results of nutritive value
assay experiments are variable. Several factors may be responsible. With fine
forages, selection between different fractions will be more difficult than with
coarser forages. It may therefore also be expected that the effect of level of excess
feed will be smaller with a fine forage, like Stylosanthes humilis, than with a
coarser material, like most tropical grasses. The differences in the effect of level of
excess feed as obtained by Playne (1968, 1972a) and Playne & Haydock (1972)
may be explained that way. Also chopping the forages may be expected to render
selection more difficult, and therefore decrease the effect of level of excess feed as
was in fact shown by Haggar (1972). This may also explain why most authors who
worked with chopped forages (Playne, 1972a; Playne & Haydock, 1972; Myles,
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1970; Heaney, 1973; Jeffery, 1976) found small effects, while others (Haggar &
Ahmed, 1970;Haggar, 1972;Zemmelink et al., 1972)whoworked with long and
coarse tropical grasses found very much larger effects.
The latter comparison is, however, confounded by another factor. Zemmelink
et al. (1972) related the voluntary intake to the amount of forage offered. Haggar
& Ahmed (1970) and Haggar (1972) did essentially the same because they
compared intake and digestibility by one group of animals fed for a residue of
25% with those by a second group for which the amount of offered feed was
increased by 50%. All the other authors, however, compared the intake and
digestibility by animals given a large excess of feed with those by animals on a
smaller excess. They either compared groups of animals fed for distinct levelsof
excess feed or analysed for individual animals by regression of intake and
digestibility on the actual excess, i.e. the refusal.
Chapter 4 will show that the conclusions may indeed be affected by the method
of analysis and that the effect of level of excess feed on intake of dry matter and
on intake of digestible dry matter is likely to be seriously underestimated when
this is studied by direct regression of intake data on refusal.
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3 Materials and methods

3.1 Forages
The forages are listed under Code A-S in Table 2. They include three cutsof
Styhsanthes guianensis (Aubl.) Sw. (Skerman, 1977; Schultze-Kraft &
Giacometti, 1977) harvested in 1973; four cuts of the same species harvested in
1974, and three samples of threshed tops of S. guianensis grown for seed
production. Furthermore two cuts of Desmodium distortion(Aubl.) MacBr. and
Table 2. List of trials and forages.
Date of trials"

Code"
A
B
C

Styhsanthes guianensis (1973)
Styhsanthes guianensis(1973)
Styhsanthes guianensis(1973)

3 months regrowth
5 months first growth
8 months first growth

1973-08-09
1973-07-23
1973-10-09

D
E
F
G

Styhsanthes guianensis(1974)
Styhsanthes guianensis(1974)
Styhsanthes guianensis(1974)
Styhsanthes guianensis(1974)

2 months regrowth
5 months first growth
7 months first growth
9 months first growth

1974-10-11
1974-08-11
1974-10-11
1974-12-13

H
I
J

Same as D but chopped
Same as E but chopped
Same as F but chopped

1974-10-11
1974-08-11
1974-10-11

K
L
M

Threshed tops of Styhsanthes guianensis, 1st sample
Threshed tops of Styhsanthes guianensis, 2nd sample
Threshed tops of Styhsanthes guianensis, 3rd sample

1975-01-09
1975-02-20
1975-05-26

N
O
P

Desmodium distortum, cut at 90cm (2 months first growth)
Desmodium distortum, cut at 180cm (4 months first growth)

1974-09-09
1974-11-01

Q

Centrosema pubescens, 1st sample
Centrosema pubescens, 2nd sample

1973-11-26
1975-04-15

R
S

Brachiariamutica,mature, hay
Brachiariadecumbens, mature, hay

1975-02-04
1975-06-11

T

Pennisetum clandestinum,chopped

U
V
W
X
Y

Red clover hay, chopped
Timothy hay, chopped
Alfalfa hay, chopped (1st cut)
Alfalfa hay, chopped (2nd cut)
Oat straw, chopped

Data from Jefferey (1976)
Data from Heaney (1973)
Data from Heaney (1973)
Data from Heaney (1973)
Data from Heaney (1973)
Data from Heaney (1973)

a. These codes will be used in this report to identify the forages or trials.
b. First day of the measurement period of the trial (Section 3.3).
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two samples of Centrosema pubescensBenth. (Skerman, 1977;Schultze-Kraft &
Giacometti, 1979), andmature stands of Brachiariamutlca (Forsk.) Stapf, and B.
decumbens Stapf. (Bogdan, 1977) were included. All samples of S. guianensis
(stylo) were of the variety La Libertad (CIAT accession No 18; CIAT, 1972,
1973).
The B. decumbens and one sample of threshed tops of S. guianensis were
grown on poor acid Oxisols at theexperimental station Carimagua in the Llanos
Orientalis of Colombia. All other forages were grown on fertile Mollisols at the
CIAT headquarters, Palmira, Columbia. All feeding trials were conducted at
CIAT, Palmira.
The two grasses and the threshed tops of S. guianensis were offered ashay.
The other forages were harvested daily and offered as fresh forage. Further data
on the forages will be given in Chapter 5 (Tables 4-9).
To encourage selection, theforages were asarule not chopped before feeding.
All forages were offered indiverse amountssothat animals onthelower levelsof
feeding would have little or no excess feed and thus would be expected to eat
unselectively, whereas animals on the higher levels of feeding were given considerable room for selection by a great amount of excess feed (Section 3.3). Three
cuts of S. guianensis of the 1974 series were offered chopped as well as
unchopped.
3.2 Experimental animals
The experimental animals were male sheep, either wethers or rams, of a local
breed called "Africander" butnotrelated totheSouth African breed. Themature
weight of these animals is40to 50kg. Intheexperiments, however, only growing
animalsof 20to35kgwere used.Within experiments, therangeof liveweightwas
kept toaminimum, usually not more than 5kg.On twooccasions, achange from
older to younger animals was made so that the mean liveweight of the animals
differed between experiments. To check upon a possible effect of that, a double
set of animals, including ayounger andanolder groupwasused inTrials G andL
(Table 2).The results in the two trials with these twogroups of animals were so
nearly the same that the data could be treated as oneset.
Between trials, the sheep were maintained on pasture of a quality that usually
allowed for a moderate weight gain. Animals selected for a trial were taken from
the pasture at about 16h00, placed in individual metabolism crates with feeding
troughs large enough to accommodate unchopped forages (floor surface 70cmx
45cm), kept without feed and water for about 18h, weighed and treated for
intestinal parasites. After that, faeces collection harnesses with acanvasbagwere
put on. A plastic bag marked with the date and the number of the animal was
placed inside the canvas bag for easy handling of the faeces.
3.3 Animal-house procedure
In the trials, no attempt was made to feed to a certain level of excess feed.
Instead a level of feeding-amount of dry matter offered divided by 'metabolic
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