Copyright is owned by the Author of the thesis. Permission is given for
a copy to be downloaded by an individual for the purpose of research and
private study only. The thesis may not be reproduced elsewhere without
the permission of the Author.



THE COMPARISON OF PASTURL AND CONCENTRATES

AS EARLY-WEANING FOODS FOR CALVES

4 thesis presented in partial fullilment cof
the reguirements for the degree of
Master of Agriculiural Science
in Animal Science at

MNaseey University

EAT M LY T AR
MALCOLM JAME

C(‘t
W
o
A

_‘i
S

17
i 9 /L!.




\ MASSEY UNIVERSITY

1 (a) [ give permission for.my thesis, entitled

LTHE CorpriSgn  OF  IUITUIE A

to be made available to readers in the Library under the conditions
determined by the Librarian.

(b) I agree to my thesis, if asked for by another institution, being sent
away on temporary loan under conditions determined by the Librarian.

(¢) I also agree that my thesis may be microfilmed for Library use.

2, I do not wish my thesis, entitled
to be-made available to readers or to be sent to other institutions
without my written consent within the next two years.

*

Strike out the sentence or phrase which does not apply.

The Library
Massey University
Palmerston North, N.Z.

The copyright of this thesis belongs to the author. Readers must sign their name in
the space below to show that they recognise this. They are asked to add their
permanent address.

Name and Address Date



ABSTRACT

Fourteen rFriesian bull calves, born May 1972, were

used in au experimenyv Lo study the use of pasture compared
with concentrates as an early weaning food for calves.
Larly-weening was defined as the weaning of calves off &

liguid dist to & solid diet by The time they were five weeks

of age. The calves were housed indoors in metabelism crabtas,
with the » re (ryegrass/clover) being cuv daily and fed to
them fresn. The composition of the concentrate diet was

55% rolled barley, 4% moat meal (60% prebtein), 15% linseed

The concentrate dieb was fed as a meal and to nelw cusure the
health of the calves receiving 36, 10% finely chopved ney

was added.
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The calves were rendomiy allocsted To the twr gre

s

(seven calves in each) on arrival, when they were aboul four

/
days old. Doring the pre~weaning period ell calwveg were
managed similarly and fed in sccordence with =zarlv-weaning

practice, i.e. restricted level of milk to induce & rapid

development of the intake of s0lid food. In order to
guareutes the ingesticn of pasiture tho level of concertrates

. {3

fed was restricted. The calves were weaned otf milik by
weeks of age.,
Ir the post~weaning periocd, from five througn to elght

weelks of age, one group of calves recelved vnssture ad libiiunm

Pl

and the cther concentirate sd libitum plus a restricted level of

pasture (500g wet matter/day - accounting for 8 te 10% of the

total DM lntake).




The mean live-weight gains of the pssture-~fed calve

4
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and the concentrate-~ fed calves were respectively,

0.42 + .03 and 0.40

-

C.0% kg/cay pre-weaning and

1+

0.32 + C.01 and 0.58 + 0.06 kg/day post-weaning.

It was concluded that pasture was inferior to
concentrates in promoting live-weight gain in early-weaned
calves. This occurred despite pasture and cuncentrate
having similar DE coefficients; namely 75.16 and 74.25%
respectively. The major difference was that of intake, with

the calves receiving pasture having a significantly lower

D¥ intake over the post- weaning period compared with the
calves recelving concentrates. The difference in intake

was probhably associated wivh pasture naving o lower bulk
density than concentrates. Two pos<ible mechanisms, gul
£il1l and orvopharyngeal, whereby this would have caused a
differerce in intcke are discusned. s1s0 discussed is the
absolute growth raves of the calives receiving pasture in the
context of the possible use of npasture as an early-weaning
food for dairy replacement stoclk.

Between eight and ten weeks the calves receiving the
concentrate diet were changed to pasgiture alone. This
caused & decrease in th2 performance of these calves.
Hewever, these results were confounded Ly a decrease in the
guality of the pasture over this period.

Between ten and twelve weeks all calves were

hi m

receliving pasture alone - ud libitum. Tne rearing methods

were shown to have no effect on the czlves' intsake of pasture
during the twellith week, provided asllow=nce was mede for the
=

difference in live weight which existed bebtween the two

groups,




The calves were put out to pasture when twelve weel

cld and their post-experimental growth rates recorded.

eriod was bterminated w he aver 3% C b calves
veriod was terminated when the average age of the calvec
50% days. The results demonstrated that the meen growd

ba

4

rates of both groups during this pericd were very similar.

4

This resulted in the live~weight difference established

between the twe groups when they were iwelve weeks 0ld being

permanent .
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INTRODUCTIOR

It was demonstrated as far back as the 1920's (Meads,
Regsn and Bartlett, 1924) that calves could be raised
successfully when weaned off a liguid food diet onto a solid
food diet as early as 30 to 40 days of age. Degpite this,
traditional beliefs that the calf recguires s liquid food diet
fer at least the first three months of life persisted.
However, in the United Kingdom cduring tre 1950°'s because of
increasing econocmic pressures and a shortage of lsbour, there
was an upsurge cof interest in earlyv-weaning ss a means of
reaving calves. Farlv-weaning is defined as the weaning of
caives from a liguid to & solid focd diet by the time they
are 35 cays of age. Trig led to the formulation of the

"Rowett Eariy-¥eaning System" zs proposed hy Preszton (1957}

G

and later through modification of this earlier cencept, 50 an

U)

early-weaning system applicable te New Zealand conditions =
proposed by Xhouri (1969).

These early-— weaning systeXs have been based on the

use of concentrate diets as the solid food onto which the
calves are weaned. However, because thege focdstuffs are

el re

expensive relative 1o pasture (especially in New Zealand) and
als0o because they are in high demand foi the Fig and Poultry
industries, there is pressure to iluntroduce calves to their
‘natural’ foodstufl, pasture, at an increasingly earlier age.
It ie therefore the purpose of this present study to
investigatc the potential of pasture as an early-weaning o000

for calves.




CHAPTER ONE

REVIEW OF LITERATURE

The literature is reviewed in three sections:

(i} Control of voluntary inteke in young ruminants,
shortly after weaning

(ii, Pactors influencing the development of solad food
intaeke in young ruminants

{44i) Pasture as an early-weaning food for calves.
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Tele CONTRCL OF VOLUNTARY IRTAKE IN YOUNG RUMINANTS, SHORTLY

AFTER WEANING

The mechanisms whereby the intake of food by ruminants
is regulsted are highly complex. There ure two important
concepts relating to the wvoluntary intake in ruminants.

The relationship between these twe concepts has been
sunmarized in a model proposed by dHontgomery and Baumgardt

(79653,) - See Fige 1&10
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FIGURE 1.1, brohable telationships botween energy and! food intake and controlling
mechanisms. From Montgomery and Baumgardt (’1965&)
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The first concept involves the extent by which the
alimentary trsct can accommodate food residues and is
represented in Fig. 1.1. by the portion under the distention
side. The conbtrol of the voluntery intake in ruminants by
this means is termed physical control and has been reviewed
by Baslch and Campling (1962), Campling (1970) and Conrad {1966).

The second concept involvecr tre extent by which
absorbed nutrients control intake znd is represented in IMig. 1.71.
by the porticn under the chemostatic, thermostatic side.

The control of voluntary intake in ruminants by this means 1is
termed medtabolic control and has been reviewed by Baile and
Mayer (1970) and Baumgardt (1970).

Thus in a simplified summary, animals receiving a diet
of high nutritive value are able to consume enough DM Lo
satisfy their physiological demands for energy, whereas with

o~
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the low nutritive value foods, ruamen load prevents aninals
from consuming the amount of energy that is physiologically
demanded. Such a relaticnship between intalke and nputritive
value of fcod has also been suggested for young ruminants
during vhe post-weaning period (Owen, Davies and Ridgerun, 1969y
Andrews, Kay and Zrskov, 1969 Andrews and frskov, 1370; Kay,
Macleod and McLaren, 1970: Kay, Maclieod and Aundrews, 19723
Kang and Leibhloz, 1973).

It is the funciion of this review, not to attempt to
preduce an exhaustive account of the control of voluntary
intake in young ruminants arter weaning, dbut o highlight recent
findings which question whether the mechanisms that have
pfominence in signeiling satiety in adult ruminants, have the

ame prominence in young ruminants. These findings throw

0

oubt on the validity of the conclusiocns drawn by the worxers

joN
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mentioned above, that the intake by young ruminants receiving
a diet of high DE concentraticn is controlled by the

physiclogical demand of the animal.

For convenience +the discussion is divided into

'..J
¥
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¥

gsectlionsy

ol

i} Diets, the intake of

—~

which is possibly contrelled
by physical means
(ii) Diets, the intake of which is possibly controlled

by metebolic means
It must be remembered that this division is arbitary and that
the control of +the voluntary intake by physical and metaboelic
means are not independenty e.g. fgan (1970) stated!i

plex or interacting physical and metabolic factors may be
involved throughout the whols range of diets utilized by
ruminanvs, and that there is not simply a switch-over to
metebelic regulstion at & point where disypossl of indigestitle
bulk is no longer an embarrassment or a limitaticn te total
digestible energy intake."

Te1.1.  Diets. the Intske of which 13 possibly Controlled

7]

The gut g etill developing in ruminants that are
weaned onto solid food by five weeks of age (see review by
Warner and Flatt, 196%), The major change is a ranid increase
in the gize of the reticulo-rumen relative to empty bhody weight.

This cccurs in lambs and celves when they are between two and

@®

ignt wecks of age, provided solid food 1s available. This
variation in the development of the reticulo-rumen has been
suggested as an explanation (Andvews et al., 1969) for the

greater ability of the young ruminant with increasiiig
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equalize intakes of digestible energy from diets di
energy conceuvration, as has been shown by Owen gﬁﬂalf,(iv6ﬁﬁ
Andrews eﬁ“&leg(1969) and Andrews and Zrskov (1970) working

with lambs and kMcCullough (1969, working with calves.

In these experiments the energy councentration of the diets was

\,s
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e

altered by varylng the ratio of the concentrate +«c

e

cemponents and it was noted that the effect of sge was more
pronounced wnen the roughage was left unground, than when it
was ground. This suggests that the young ruminant shortly

after weaning is less able to cope with the bulky nature of

$

th

D

roughage component compared with an older and thus larger
animal.

The suggestion that the increcase in the size of the
rumen may be of importance, ig logical ir view of the
prominent role played by rumen cistention as g satiety signal
in controlling the intake of older ruminants recelving a
roughages diedb. However, the evidence is circumstential, with
the difriculty in trying to interpret the role of the
develcpient of runen gize in controlling the development of the
intake of solid food 1n young ruminants being that the patfern
of the development of these twoe factors are similar (e.g.
Hodgson, 1965; Warne:r and Flatt, 1965). Therefore, although
Hodgson (1971c) was able to demonstrate a significant
relationship between DM intake and weight of digesta in the
runen over this transitional phase of the caif's life
(transiticnsl phase is the pericd when the young ruminans is
changing from a non-ruminant to a ruminant), such a relationship
does not clarify cause and effeci.

It was demonsirated by Hodgson (1965, 1971ab) that the

intial development of the intake ¢l solid food was reiated to




an increase in the time spent eating, but later increases in
the intalke of sclid food were acheived by an increase in ihe
rate of Dil intske per unit of +time spent eating with nc
further increase in esting time. These observations
confirmed the results of Swanson snd Harris (1958), who worked
viith Jersey aund Holsteln calves. No other direct evidence
was= found in the viterature to suppecrt this pattern of

development, though the results of several experiments with

grazing calves (Roy, Shillam and Palmer, 1855; Chambers, 1859;
Godfrey, 15961; and Stewart, 1961) may be interpreted in the

same way.
This led lodgson 1o postulate that in the youvng runminant,

the intitial development of the intske of solid food may he

limited primsrily by behavioural factors (Hodgson,1971z) and
+

ol

hat the gut development was dependent on the intake of soll
foed and rot the reverse (Hodgson,1971c). To tesgst this
poctuiate e utilizsd a technigue first descrived hy Campling

3

and Balch (1961),in which food or digesta are added to or
removed from the ruwen viz o fistulia. the dcsign of the
experiment (Hedgson, 19714) was based on the premise that if
the development of the intske uf solid foud was limited
initially by eating behaviour, the response in voluntary food
congsumption Lo artificial changes in the couauntity of digesta
wouid be expected to be low immediately after weaning and to
incresse to a level characteristic of the mature ruminants some
weeks later. Taz rebulus demonstrated that the calves were
unable to compensate fully for induced changes in the quantity
of digesta in the rumen, in either a positive or negative

o
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diately after weaning, ho

adult level four to six weeks later (weaning was at five weeks

of age).




From these results Hodgscn concluded that the initake of golild

faod shortly after weaning was limited primarily by

@
o

oropharyngeal factors. Purthermore the results suggest
that the development of the alimentery tract was dependent on
the development of the intake of solid food and not the
Teverse.

These results of Hodgson (1971d) are by no means
conclusive as there was a large variastion associated with the

response of intske to the induced changes in ithe quantity of

Gigesta in the rumen. However, there is some indirect data
that may lend support to this propesale. The previously

noted grester abvbliliity of the yvoung ruminent . with increasin
% ¢ [ < ¢

age  to equalize intakeg of digestibple eunergy from diets

liffering in energy ccncentration, could equally be argued to
reflect the prominence of the oropharyngesl hased mechanisnms

in coentrolling the intake of solid food in young ruminants.
As the young rucinant becomes more adapted to & sclid food
(adaptation defined as the development of efficieut mechanisms
for prehension, nmasticetion ond swallowing of Tood) it is
better able to cope with hose clets, such as an unground

I &
roughage diet, which cause the young ruminant to spend more

tine eating and ruminating per unit DI intakc than does a

round rouvghage or a concentratle diet. Fartuer the response
to the addition of sweetening agerts 1o the rations appears to

be greater in the young ruminant (Preston, 19563 Atal and
Harschbarger, 19€>; Gardner, 1967 ) than in older ruminantis
(Kare, 1959; Balch and Campling, 1962); a result which would
be expected if behavioural factors are of greater importance

in the control of food intake in young ruminants. Also

recent evideuce (¥Xellaway, Grant and Couudleigh, 1973b) has




shown that exhausticn of the saliverr -

important factor in influencing the i.+-... . . . r
ruminants; a point which will be discus- .

seation.

Therefcre although not conclusive, - ... .. -.
question The importance of rumen siuze ag o oo -on . . o _uaP
in the development of the intake of solig « .. .. oo = . «op
weaning. However 1t would appesr that tic Lnortarce of the

oropharyngeal based mechanisms as factors 1<« .. - o < roio

in young ruminants ave transient, as their o

R

in mature ruminants has been discounted (Balcr w0 oo,

-\;
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1962 ) and also as has been previously mentiche Foooeun Ll

(M

obtained "adult" responses to the induced chr Lo
quantity of dizesta in the rumen when the calves we: notn

twelve weeks of age.

w
{w

The resulits of Hodgson's work were baswsd ool

s
.
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use of drled grass as the solid food. Al

a1 moderats to high quality (in vivo DI digestibil:

¢ ¥
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from 51.2 4o 72.2%) the resulting live-welight gains
calves were in the order of only O.3ko/day. It mmy
possible that with concentrate diets of higher OLF coooontrniion
energy demands of the aunimal may be satisfied wilhiisn toe
linmits impcesed by rumen capacity or oropharyngesl Isu.orn.
The question of whether this is happening when ccnoentrn.@
diets are fed to early-weaned ruminants is discu

next section.

M



Tele2e Diets, the Intake of which is po

0N

aibly Controlled

by Metabolic lleans

As was mentioned in section 1.1.71., various workers
have shown that when diets of varying energy are fed Ho young
ruminants, the relationship beltween intake and the nutritive
value of the diet is similar to the relationship decribed by
Montgomery and Baumgardt (19652) fer older ruminants (se
Fig. 1.1.). From the results,these workers concluded that
the intuke by young ruminants receiving a diet of high DE

concentration was controllied by the physiological demand of the
avimal . However the validity of this conclusion can be
guestioned on two pointes.

(i) When an animal's intake is being controlled by
its dewand for energy., theu thecretically that animsl should
be performing near 1ts genetic potentiai.

In the experiments (Kay et al., 1970, 1972; Kang and
Teibholz, 1973) where calves were weaned at Tive weeks of age
and fed dilets of varying energy concentrations, the maximum
growth rate of the calves was in the order of 0.8kg/dsy

Hecwever, Friesian calves fed a i1icuid diet over the

corresponding period of age had growth rates of 1.2kg/da;
{Roy,1964) well above those for the calves weaned early.

This would suggest thet factors other than the physiological
demand for energy was controlling the intake of these
concentrate diets by the early-weaned calf.

It is more difficult to establiish whether or not the
maxinumn growth rates of lambs weaned early onto concentrate

diets of varying energy conbent corresponds to their potential

growth rate.
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This is because no data could be found in the literature
giving the growth rates of lambg receiving a liguid diet

ad libitum over the corresponding period of age to those

weaned early. lowever, fcr reference the maeximum growth

5]

o

rates of the lambs weaned early corresponds to the meximum
grewth rete given by Large (1965) for lambs reared naturally
on their mothers at pasture; nawmely 0.3 — 0.4 kg/day.
Therefore unlike the work with calves the work with lambs
cannot be validly criticized on this point, =2lthough this
doesn't necessarily mean that criticism in this regard is not
warranted.

(ii) In the experiments the results of a sinilar
growth rate of the animals receiving & range oi diets varying
in energy (fibre) content was taken as confirmation that the
animals were eating to maintain a prescribed energy ints
This is a dubious basis on which to draw conclusions,
especially in view of the work of Jahn, Chandler and Polan (197
and Strozirsky and Chandl-r (1971) who concluded that when
rations of varying fibre levels are evaluated ou the vasis of
live~weight gain only, results can easily be misinterpreted
because of differences 1n amounts of digestive btract fill.

They noted a positive linear relationship bvetween T1ill and the
level of the fibre in the ration. This could explain why in
the work of Owen et al.,(1969b) that despite e decresse in The
digestible DIl intake with inoreésé in the fitre level of ths
ration, the live-weight gsins of the lambs remained constant.

These two criticisms do not uneguivocally disprove the
existence of a homeostatic nechanlsm cperating to maintain a
prescribed intake of energy by young ruminants, butb

raise doubis. In an attempt to substantiate these doubts an

[
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alternative explanation as to why this relationship between
nutritive value and intake occurs in early-weaned ruminants
is given below.

¥

the falling off of DI inteke of the early-~weaned ruminants

with further increases in the DE concentration of the diet may

T

have been related to a concomitant decrease in rumen Pl with

these types of diets (c¢f. Bhattacharys and Warner, 1667) .

It is well known that when hignh grain diets are fed to
ruminants the condition of lactic acidosis can resuld
(Kellaway et al., 1573b). Tig impairs rumen motility whi
can lead to bloal and 1s generally associated with anorexia
(Scarisbrick, 1954). Also Kay, ell and Boyne (19€9) have
shown that pathological changes talke place in the rumen walil
when the pH of the rumen contenus falil below 5.0, Thesge a

characterised by lesionsg of hyperkeratosls, papillary

clumuing mnd a thickening of the epithelium and lamina propria.

It is likely thet this condition of rumenitis 1g occuring in

eariy~weaned lambs and calves fed a concentrate diet 1o

4

appetite,as Andrews et 2l.,(1569) and Kay (1969) have shown
vnder these conditions the rumen pH is below PH 5.5.
There ig alsc recent evidence that the decreese in rumen pH

-

does mot have 10 be gross t0o effect a decresse in intake.

”J

Bhattacharya and Warner (1967) working with steers showed a

significant drop in the intake of nay by these animals wnen

they decreased the rumen EH by approximately one bH unit from

the ‘ncrmal’® rumen pH of 7. It ig not clear how this small

change in PH had its affect on invake or even if 1t was a

direct one (see review Jdones, 1572),but the fact that bBH or
related factors ave monitored by the animzl and in turn

na

off,or even in one case (Kay et al.,1970

)
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influence intake, may be of particular importance with regard
to the control of diets of high DE concentration especially
when fed to early-weaned ruminants (the meaning of +this is
discussed beslow).

One of the main reascns for the decrease in rumen bH

associated with the diets of increasing energy coucentration

is that the buffering potential ol the salivary secretions,
which ig a chiel gource of bufiers for the rumen, is
decreased under these conditions. This decrease is a

reflection of & lowering of both total salivary secretion,

'\'\

znd buffering capacity of the saliva btrought about by the
jan] o

enimals recelving concentrate dlets having low times of

rumination (Oltjen, Putman and Davis, 1255).
Regtoration of rumen HH to more ncrmal levels and thus
incressas in intake when diets of nigh DE concentration are

fed, can he brought about by the inclusion of some fibre in

the diet (Preston, 1963). Pibre has this effect in two ways:
firstly,as a supply of basic cations (Metrone, Ramsev and
Wise, 1999) snd secondly, by stimulating salivary secretions

(Welss, 1953 cited by Preston 1963), which are several “imes
greater during the process of eating and ruminating than when
the animal is at rest (Stewart and Dougherty, 1958; Bailey and
Balch, 1960). Kellaway et al., (1873a) demonsirated that
the latter function of the roughage irn this regard was the more
imnportant of the two.

"o overcome the problems of rumen disorder associla
with the feeding of diets of high DE concentration, it is
gene-ally recommended to include in the diet approximately 10%

roughage (VWarner and Platt, 1965). However, recent findings

by Kellaway et al.,(1973%) raise doubts as to whether the




inclusion of roughage aglone is sufficient to restore the
rumen pH in early-weaned ruminants to high enough levels so
I S S H - - L et ey Y P x

that their intakes are not restricted by a low rumen bhH.
Evidence for this came when they obtained a pogitive -

relationship between the DM intske of concentrstion and the
levels of buffers included in this dilet even when the calves
were eating up to 10% of the DI intake as straw chaff.

They concluded that this addivive effect of roughage and
buffers on food intake and calf growth rate suggested that the
intake of roughage was insufflicient to stimulate the
production of sufficlent saliva to prevent hyperacidity aud a
reduction in the total invake of focd. This supports an
earlier conclusion reached by ¥ay (1966) that the producthion
rate of saliva in young ruminants is much lower in relsition to
gland size than in adult ruminants, and even when fully

stimulated total production of sallva may ve such that buffers

)

are deficient in supply. There was nc clinicsl sympioms ©

acldosis in the calves of Kellaway et al! s&(1073b/ experiment,

4

but as wasg pointed out by the wori of Bhattachaorya and Warner
(1967) the changes in rumen »H do not have to be gross to
effect a decrease in the intake of food. Further the growth
rates of the calves recceiving the most fevourable diet 1.e.
straw + highest buffered concentrate diet, (Hellaway et al..
973b) were 1.02kg/day over the period cf age of 6 to 12 weekse.
This is the highest growtn rate for eariy-weaned calves over

this period recorded in the literature, and may indicate that

once the deficiency of the buffering capacity of the eariy-

O
@

weaned ruminent 1g overcome,il msy be capable of attaining

3 e

growth rates near its genetic potential.

In conclusion it would sppear that the levelling off




of DE intake with an increase in the energy concentration of

the diet may be explained in terms of a concomitant decrease

in rumen BH associated with these diets. The inherently
Low buffering capacity of the early-weaned ru iminant may
explain whny even when some roughage 1s included in the dies

the growth rates, especilslly of the calves, did not reach their
potential for that particular pericd of age.
The overall conclusion from section 1.1.7. and 1.71.2-

is that the intake of solid food by early-weaned ruminants may

oy

e controlled to a large extent by orcpharyngeal based
mechanisms and that young ruminants need time to becdne

adapted to the solid food.




1.2 PACTORS INPLUBKNCING THE DEVELOPMENT O Z0LID FOCD

INTARE TR YOUNG RUNMINANDS

In this gection the effect of various factors l.e.
birth weilght, sex of auimel, milk feeding regime and
characteristics ¢f the solid food, on the development of the

intake of solid food in young ruminente will be discussed.

Te2.7e Birth Veight

Within any one breed there is & cousiderable

varigtion in the weight of calves born, and it has long been
the belief of practical husbandmen that the growth ol lighter

calves i3 nos as good and theilr mortality rate higher than
heavier ones. This conteniicn has recently been criticiued
by Kay (1669) who examined records of 150 Friesian hull calves,

birth weights of which ranged betwoen 33 and 48kg, and found

o

no effect of birth weight cii the growth of these calves froxz
veaning to 100kg live weighte. Assuning vhat comparabliz
growth rates implies comparzble intaXes, similer resulis haove

also been rveported by Lawrence and Pearce (1965) and Davies

and Owen (1967). Contradicting these results, Leaver and

Yarrow (1972) demonstrated a positive relationship between birth

weight and concentrate cousumption by calves. In thel
experiment however, a constant milk allowsnce was fed over =z
range of live weights, resulting in the heavier calves belug

under-fed relative to the lighter ones; a <ituation wnich

could give rise to this contradictory result (see section 1.2.3.)

in fact the poorer performance genarally noted with
lighter calves may erise iu part {from some of the general

feeding recommendations used; for exenple feeding a milk
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allowance to calves based on a fixed percentage of the celf's
live weight, under feeds the dlighter calves relative to the

heavier ones (Roy, Shillam, Hawking and Lang, 1958).

jon

In conclusion it is douptful whether within & bree
bilrth welght of the calves hag any influence on their

3

llowance 1s made for it in

o

subsequent performance, as iong a3
the feeding recommendation. Whether this conclusion is
applicable when the difference in birth weight is due to a
breed effect has not been adeguately tested, althcugh resulis
of Roy, Stobo, Gaston, Ganderton and Shotton, (1971) would
suggest that it is.

&

Je2.2¢ Sex of Animal

Comparisions between intact male and female lambg
(Morgsn and Owen, 19733 Davies and Owen, 1667) and calves
(Armstrong, 1566) suggest that sex has no effect initially on
the develicpment of the intake of solid food. Morgan and
Owen (1973) further denonstrated that only after lambs had

reached 25kg live weight (100 days of age) did a difference

in faveur of the role lambs become avident.

The effect of the milk feeding regime on the
development of the inteke of scolid food in yvoung ruminants is
g &

discussed in three sections.

-
"

(i) The direct effect of the level of milk fed

(ii) The age of +the animal at wesning

T m1 - e e Fagas L ey PRI 3 P oy e
Cilid The carry oveyr effect of the pre-weaning treat—

L —

ment on the intake of solid food poast-weaning.




=

o
"}J
i

123074 The direct effect of the level of milk fed

An inverse velationship between the level of milk fed and the

-

»0lid food in young ruaminants has been demonstrated

r

intake o

by many workers (liathieu and Wegat-Litre, 1961; Burt and Bell,
19625 Arnstrong, 1966; Tayler, 1960; Hodgson, 1971e; Leaver

and Yarrow, 1972 for calves and Spedding, Brown and Large, 1963

Davies an¢ Owen, 1967 for lombs).

It was suggested by Preston (1963) thet the level of millk fed

)

was the main factor influencing the early development of the

intake of solid food in calves and Hodgson (1977e) has
demongtrated that this was g reflection of the calves' attenpt

t0 equalirnz energy intake..

A attempt has been made by Spedding et al.(19632) and
Hodgson (1571e) to quantify +he above mentioned inverse
relationship.. These two groups of workers feeding respectively

lambs a solid food of fresh pasturc and calves a solid food of
iried gracs, regressed the intake of solid rood (¥, g/ legT )
on the allowance of milk substituts (X, gDW/kgLw).

The regression ccefficients which are an indicatiocn of the
ability of the celf or lamb {0 substitute solid fcad for a
given change in milk intake, were sgignificant in both cases
and were also shown %2 increase with age. Thisg latter point
is particularly relevant with regard 1o age at weaning 2nd
this 1s discussed in section 1.2.3.2. This increase with

E

age in the increment of the intake of solid food before

.

weaning per unit decline in the sllowance o milk may be due

<
RS

3

in part to the cumuiative effect of low levels of milk 7Teeding

w

on the intvake of solid food (Mathieuw and Vegat-Litre, 1961).
However, bvecause tThe incresse of the regression coefficient

with age 1a the work of Spedding et =1.(1963) was ovtained even




wher. lambs were switched between different levels of milk
feeding at frequent intervals, led Hodgson (1971e; to propose

that this response to the intake of solid foocd with age was

probably related to the animal becoming increasingly adapted

a. (lie W :‘ 3 i se arh! 1 © ’ o ) o J_t LLC,Jr b
to t of solid feood (see section 1.1 I ay also be
that as a voung ruminant ages it has a greater propensity wo

eat solid food, as Preston (1963) stated that it is axiomaiic

that the very young calf prefers milk to any solid diet.

Obviously the value of the regression coefficient is going to

alter with the type of solid diet, as the young ruminasnt

becomes more easily adapted to some diets (pelleted coucentrates)

than to others (long roughage) cf. Hodazson (19712).

This increase with age of the regression coefficients
would suggest that an advantage in performance would be gained
if a given quantity of milk was distributed such that lawbs and
cal ves received a higher level when they were younger and thus
had a lower substitution rate of solid feocd for milke.

However, the limited work with lambs and calves (Preston, 19563

3

Quayle, 1958; Clark and Whithng, 1967; Owen et al.,196%a)
would not support thie suggestion as these workers showed that

F

the pattern of the distribution of a givewn quantity of milk
over a fixed ftime period had little effect on the performance
of the lambs and calves.

In conclusion it{ appears that the performance of

milk~fed runinants is insensitive %o the digtribution of milk

feeding, but iz seasitiv

o

to the level of milk fed.
However, the level of milk feeding in the pre-weaning pericd

-

in the post-weaning period and so to Xeep

ot

has a2 residual effec

ey he } 3 -
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interpreted in respect of its effects post-weaning. This is
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Te263.2¢ The age of the animal at wezning - That a

check in the live-weight gains at weaning is related to the

age of the animal has been demonstrated in calves by Converse
(194S), Hodgson (1965) and Stobe, Roy and Gaston (1967a) and in
lambs by Brown (1064) and frskov, Frazser and Gill (1973).

The work of Hodgson (1965) and Stobo et al.(1967z) showed thet
this was the result of a slower rate of increase in the iutake
of solid focd posi-weaning with the younger animals, reflecting
the lower extesnt of the suvstitutioan of solid food for milk at
this younger age. Part of this eflfect may bpe dus 1o age

per se, although age at weaning is often a reflection ¢l =

number of other variasvles which may or may not be related to

the cevelopment of the intake of sc¢lid fecod post—weaning.

Te2e3e e The carry ocver effect of the pre-weaning

treatment on the intake of solid food pogt-weaning - 1T has

frequentiy been emphnasized that 1f calves sre 1o be weaned at
an eariy age they should be encouraged to eat as much sclid

Tocd as possible before weaning [cf. Precton, 13257).

Y '

However, there is some conrusion in the literailure in regard

to the quantitetive importance of the intake of solid feood

pre-weaning as i% zffects the wintake of gsolid foocd post-
weaning. The confusion can be reconciled to some extent oy

‘oon sidering the relationship between the intake of solid food
before and after weaning in two catergorieg:

(i) ‘hen comperisons are made between individuval
animals reared on the same treatment -~ thig i1s where vthe
confusion arises an workers have produced contradictory resul
Quayle (1958) cited by Hodgson (1965) showed that the

relationship vetween the intake of solid food by calves belore




and after weaning was nov clese. Thig resullt was supported
in part by Davies and Owen (1967) when a group of lambs in
their experiment recelved z restricited supply of miik.

However, when a further group or lombs in this same cxperimen

a close relatioushivp

P

NN
N
-

were fed an &d libitum supply of

between the intake of sclid food before and after weaning

resulted. Thig coatradiction is not simply related to the
amount of milk fed,as Tawrence and Pearce (1965) when feeding

on cobtained a nighly si

-
r.J
e}
P
O
[N
I
i
4
'l;
-f*
‘)»2
e
-t
'
}_J
(o)
H
0
o
i
,k

calves a rest
relationship between the intake of concenlrates befors and
alfter weaning. Thus results describing the relationship
between the intake of solid food tefore and after weaning are
incensistent when comparisons are made between individual
anlmals reared on the same milk treatment.

(ii) ‘When comparisons are made between diffeorent
groups of animals receiving different levels of milk and
weaned at the same age - che confusion that was present in th

previous section does noet arise here, as workers {(Hussian, 19

~3

cited Ly hodgson, 19715 Davies and Owen, 1967: Hodgson, 1977%)
nave consistensly shown that with groups of animals receiving
different guantities of nilk and weaned at the same age, the
resulting difference established in the intale of solid focd
before weaning tended to persist for some time posi-weaning.
The reasous wny this difference in the intake of soiid focd

should persi arg not clear; as although one may expect part
o the reascn to be due to s grecter development of the rumen
in calves eating more solid focd, Hodgson (i971ca)
demonstrated that rumen develovment was dependent on the
intake of solid fcod and not the reverse.

alves through recelving
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more solid food before weaning are bet

can increase the intake of solid food after weaning at s

more rapid rate. In this regard Hodgson (1971a)
demonstrated that whereas alter weaning the intake by celves
of dried grass fed in the locse long form was dependent to a
significant extent on the calves pre-weaning experience of it,

this was not the case when the same dried grass was fed in the

6]

ground pelleted form.

Regardless of why this phenomsnon ocnurs, the general

relationship between the intake of solid food before and after
weanlng has important practical significance. in ordsy to

obtain & high intake of solid foed after weaning, one hasg to
rorego perrormance pre—-weaning because of the necessity of
restricting milk tc encourage the intake of solid food.

lore work is needed in this ares to detlermine the appropriate

ol

1

balarnce between these two opposing factors, as the linited work
to date has produced contradictory resulvus. This is
illustrated by the work of Aitken, Preston., Whitelaw

liacDearmid and Charleson (1963) and Owen ¢t _&l.{156%s) who
showed that any advantage geined in live weight pre--weaning
with the higher milk-fed groups, was lest in the subseguent
post-weaning period; a result which was contradicted by

Hodgson (1S71e) and liorgan and Owen (1972, 1973) who showed
that the advantage gained in the pre-weaning poriod with the
higher levels of milk fed persisted despite =& lower level of

:

intake of solid food with these animals post-weaning.
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124 Dietary Factors of +the Solid Food

]

To exploit a calf and lsmb rearing system which

uges a Low level of milk feeding as does trat developed by

A

GO Ug

)

e &a

S necessary

i

Preston (1957) and Xhouri (1969), it
solid food which promotes o rapid increase in intazke under the
given milk feeding regine.

As the young ruminant has a smaller rumen capaclbty and,

or limitaticns in its eating behaviour, the diet must be of

high density and high DE concentration. fhether Lo present
titieg drel in the form of a meal or pellets depends on the
quality of the diet in guestion. Owen et a2l.(1969) and

ambs and calves were better

frord

Yay et al.(1972) demonstrated that
able to compensste for eumnergy dilution of the diet by coarse
roughage (oat husks and chopped straw respectively) when the
diet wes palleted. The advantages of peilets as opposed to

-
H
A

. 1ow levela of roughage inclusion.

Lassiter (1955%) found that calves having free access to both
; selected pelleis in prefercnce to meal, but

when each was singly and gseperately fed there was no

significant difference in intake. This latter result was

The other major limitation ¢f young ruminants that has
to be allowed for, is the ilmmature buffering system. This

can be overcome o a certaln extent by adding dbuffers to the

foods However for the long fterm benefit of the young ruminant
some roughage i1s needed, os Jilson (1963) concluded that thé
varotids grew and natured in response to mcchanical stimuli
provided by the food. In this respect ground roughage is of

little use and to be effective roughage must be in the lon
faih ]
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This

o3

inducing young ruminant
because of the problem
difficult to know what

7,

atablllty response.

e
U

-

7 1y relevant in the context o©

S golld food. However,
in defining yalatability, it is
factors are important in causing a

The one normally chosen is ta

.
&

In this respect number of workers (FPreston,

S;

Harschbarger, 196 Gardner, 1967) have demonsitratex

responses in DM intake when sweetlteuning agenis were included

ey

in the diets, indicating perhaps & j ility response.

Texture is ancther

)

palataeble

(1859) clainmed

- -y ol
than fin

context 1is probably confoundec Ly

¢ rumen conditions by the o« textured diet.

pein

Palatability does not appear te be ilmportent in inflvenciag

wde

for a concentrate ration, as Kay (196¢)

w

the choice of cereal

cited vorkx of Kay end kacleod showing that either

o)
&

unpunlished

wheat, barley or maize could be used interchans in the

ration without affecting intaxe or production. This sup . oris

T

a conclusion of Caffrey and lcileese (1965) that the differences
in palatabllity between cereals for calves are usually
confounded by the preparaticn of the cereals.

In conclusion, the type of food that i1s most suitable
for weaning calves and lanbs on 1o, is one winich is '"palatable®,
has a high energy density and promotes and overcomes the
.immaturity of the bulfering capacity in the rumen of the young

ruminant.




1.3. PASTURE AS AN EARLY-WBANING FOOD FOR CALVE

e

This will be discusced in two sectionss

(i) a deductive appraisal of pasture as an early-
weaning food for calves will be made with inferences being
deduced from informstion given in secticn T.1.

(ii) work, where pasiure has been the major or sole
food fed to young ruminants will be cited to give g
quantitative appraisal of pasture as an early-weaning food for

calves.

Tedele A JDeductive Appraisal of Pasturs ag an farly-weaning

Food fo1 Calves

The type of pasture whichfnormally nade availabls
te the young calf is characterised as being short and leafy.
Such a pasture, although having a metsbtolizability in the
range 0f 2.7 - 3.0 Meal ME/kg DM, when fed fresh has an
energy density of apusoximately 0.41 Meal ME/kg wet matter
(WIi), as the average DM content of this type of pasture is 15%.
Further this pasture would have a crude protein centent of
about.19%, while the crude fibre content would bhe of the order
of 21% (Corbett,. 1G69).
Calves from 2s young as three weeks of age have the

id
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n

t pasture with an efficiency comparable to

e’

~

mature animgls (McArthuvy, 1657; Preston, Archivald anz Tinkler,

1957). Also the high values for the ¢

it

ruda protein levels of
this pasture would suggest that it 1s adequate to supply the

protein reguirements of early-weaned calves, ag Stcbo et al.

(1667 b) found that 16% crude protein of a diet fed to calves

supplied the regquirements of protein for maximum welght Jgain.
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It would therefore appesar
of pasture are sufficient to consider it as an early-weaning
food for calves. However the gusstion arises whether the
calves have the ability to take in a sufficlent quantity of
pagture to allow for satisfactory rearing.

The low energy density of pasture coupled with
moderate fibre content would suggest that calves must spend
a long time graszing and ruminating per unit DM inteke of
pesture. To give an indication of this, the resullts of a
number of studies, where the grazing behaviour of calves ail

%

pasture has been cbgerved,; are summariged in Table 1.71.

TABLE 1.7, Time spent grazing and ruminating during a

-

24h period by calves at pasture

Lge of Other Time spent
a2lf foods
= ‘grezing  ruminating

(weeks) fed (h) (1) Referencos

7 Tgal.whole milk 5 « 6.5 7 Stewart(1967)
7 116/10 b Jive weight

up to max. 11 1b 5.6 6.8 Roy et al.

6 ~ 7 weaned at 2 weeks 7.3 . Godfrey(1961)
& 1.5g2l. milk sub/day 5.6 5.7 Chembers(959)

% Not available

o

There wag 1no intake data associzted with these studies
but the resuvlts do dindicate that the calves must spend & Long
time eating and ruwinating when they are roceiving pasture as

e

tuent.

;.J.

the major dietary consti
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intake of pasture even at very high digestibililities was
governed predominately by ruren fill.

A further complication with pasture is that when it is
fed fresh it has a high moisture rontent. it is unlikely
however, that this nigh moisture content per se is important i
influencing the intake of pasture by calves conmpared to the
affect of the actual physical form. Thig is demonstrated
to & limited extent by a coumpariscn of two similar experiments
where calves were weaned at six weeks of cge off milk
substitute fed aa libitum onto either fresh pasture (Longsdale




n

and Tayler,1969) or dried pasture fed in the long form
(Longsdale and Tayler, 1971). Both diets were of similer
guality and both promoted similar lLive-welight gains of the
calves. Although there are cther variables associated with
the removal of moisture from pasture, the comparison of thess
two experiments would suggest that the removal of the
moisture did not improve the calves’ intakeg of it.

In conclusicn, the major limitations of pasture as an

early-wesning food for calves would seem to lie with its

e

physical characteristics, the major one of which is that it

»

in the long form. The effect of this form of diet

presentation is exaggerated by the moderate levels of fibre

i

which weuld slow the break-down of pasture within the rumen
into particle slgzes conducive to passage through the hind gut.
This combination of factors leads to the probable control of
the volunitary intake of pasture by calves shortly after
wearing, vy a combination of oropheryngesl and rumen Lill
pased mechanisms. As a concentrate diet through its greszter
DE density and smaller particle size largely over comesg the

limitations placed on inte2xe by these two mechanisms, 11 is

probable that shortly after weaning calves would have a

-

greater intake cof a concentrate diet cowpared with pasture.

Te3clo Quantitotive Appraisal of Pasture as an Parly-

Weaning Food Tor Ruminants.

The worx of Chambers and Alder at Hurley (Chambers,
1961ab; Chambers and Alder, 1960, 1¢61) demonstrated that
§ ¥ ki
Autumn and Spring pasture (DM digestibllid

e Fal

comparable to concentrete-witn-hay a2s o food for pre~wealneo

calves.
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However, as the level of concentrate intake was limited to

one third of the total DM intake, with hay msking up the
balance, the comparison does not reflect the true relative merit
of pasture compared with concentrates. Spedding, Laerge and

Brown (1961), Brown {1964) and Large and Spedding (1964) found

¢

that weaning of lambs at three weeks of age onto pasture was

not successful unless concentrates were fed. Further

Gleeson (1971) demonstrated a decrease in performance when
calves six weeks of age were changed {rom a diet of concentrates

3

0 pasture. He also showed that over the period of six to

d.

fifteen weeks of age, calves receiving a concentrate diet grew
faster than those recaiving pasture, i.e. 0.68 kg/day

cempared with 0.37 xg/day. However, this growth rate for
those calves receilving pasture was lower thaa that demonstrated
by Longsdale and Tayler (1969) wno obtained growth rates of
0.54 and 0.46 kg/day when calves were weaned at around six

weeks o0f age onto pasture, after receiving milk substitute

ad libitum for four and 4.5 weeks respectively.

\

In conclusion it would azppear that pasture is inferior
to concentrates as an early-weaalng food for calves, although
the growth rates which pasture can promote may ve sufficient
for dairy replac=ament stock, which over this period of life
have a ‘'target! live weilght gain between 0.45 znd 0.55 kg/day
(lickeekan, 19563 Crichton, Ritken and Boyne, 1959).

An exverimens was thereflore designed to test tne follow-
ing hypothcmag:

(i) That pasture was infcorior to concentrates as an
early-~weaning iood for cslves, with tne calves being at
take in more conceatrates than pasture despite similarities

between the two foods on a qualitative bhasis i1.e. digestibility.
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(ii) As & number of workers have demonstrated a
permanent affect of undernutritior in the young ruminant under
the age of twelve weeks (e.g. Everitt, 1972; Reardon and

o §
Everitt, 1972) live weight measurements were continued after
the experiment to test the hypothesis that g difference in
live weight established in calves early in 1life isg permanent

o] ot P

ilee. po compensatory growth will occur.

oo
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TABLE 2.7. The experimental plan giving the classification
of the periods which the experiment was divided
intc along with the change in the age of the

calf over each period

Period A {0-84 days) Period B
Bxperimental period (85+ days)
Pame ¥
Period A1 2 Periocd A2 Period A3
g (
(0-28 daye) (36-56 days) | (57-84 days)
oy
a8
o
Pre-wezning | SO Comparigon Post- L Post-
Q Nwn
period S period comparison experimental
%

pericd period

e objeciives of each of these periods aro discussed

2.1.1. Objective of Period 4

The objective of this pesriod was 0 prepare the calves
for weaning by five weeks ¢f age, with the constraint that
the pre-weaniug manzgement would not bilas the compariscon of
pasture with concentrates as an early-wearing focd for calves.
In an attempt to wmeet this constraint both groups over this
pre-weaning period were treated similarly. There were 1wo

pre-requisitce congldered necessary to achieve the objective

of preparing the calves for weaning early, when half of <henm

(i) Ensure adequate levels c¢f intake of solid food =

To obtain this, the allowance of milk fed to the calves was
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2.1.3. Objective of Period A3 (57-84 days of age)

This period was included %2 obtain some informaticn
cnn the abvility of calves at this age, to substitute pasture
for concentrates and to observe 1f there was any carry-over
effect of the feeding of concentrates to calves during
period A2, on the 1nsake of pasture by these calves during

period A3.

2.1.4. Objective of Period B (85+ days of age)

The objective here was to look at the affect of the
two rearing methods on the subseguent performarnce of
calves. During this period all of the calves were grazed

together in one group.




O

ion

.%_.
[

escrip

o]

2.2

2
l

BL:

i

T

the calves during peri

of

Davy

£

Y.
51 58

&
o
[
=

23
tz

5]
e

3

ricted

e

i

[

]

bis

i

Ad

|

sfure

atle

neent

x5

4
i

1
i

Al

3,57
7S

S PN
L&y

B

§

5

3

3T S

o

i




"y
i

Y

2.2.1. MNilk

m A .

this was collected each morn ing prior to commencementg
of feeding and was kept at 49C bvetween the morning and
afternoon feeds. The herd producing the milk was

predominantly Wriesian, with milk fat test for the months

©

of May and June of 4.4% and 4.1.% regpectively.

Ce2.2. Concentrate Diet

The concentrate diet was based on that propesed by
Khouri (1455). It consisted of the ingredients listed
below, with the addition of 10% finely chopped hay. This

was added t0 ensure thie health of the calves receiving this

concentrate diet.

Ingredients Percent
Rolled barley 65
Meat meal (60% protein) 14
Linseed meal (26 protelin) 15
Dry molasses 3.2
Salt 0.8
"IVL calf food vit tamin supplement 2
100
The concentrate diet was fed to the calives in the form

ey

cf a mesal.

Ein
(23

Tasman Vaccine Laboratories (TVL) calf food vitamin supplement
1kg of which contains 2.715¢ vitawin A, 0.325g vitamin L, 3.248g
vitamin &, 12.%47g 2scornic acld, 0.074g copclit caurbe na%cz
0.019g potassiunm iodate, 0.054g copper carbomate? 3.550g ferrous
fureratce, 2.436g manganese sulphate, ¢.063g calcite and magnesit
3.132g zine oxide, and 975.047g lactose.




2.2.3. Pasture

Three paddocks were used for the supply of the pasture

descriptions of which are given below. The pasturce wes
harvested intitially using an Allen motor scythe (Jobhn Allen

and Sons Ltd. Oxford), with this later being replaced by a
sickle-bar mower mounted on a tractor. The pasture was cut
once dally, usually during mid-afternocon, and stored overnight
in large plastic bags at 4°9C. At 080Ch the next morning it

was remnoved and mixed thoroughly prior te feeding.

2.2.3.7. Paddock Description -~

(1) Paddock 30 - The type of pasture was
predominantly ryegrass {(variety unknown as 1o record of sowing
date and seed mixture was available) and white clover

Just pricr to the experinent (16-4--72) the pasture was topped

and topdressed with 126kg/ha of urea. Time of the last
phosphate application was 6~3-71 when 377kg/ha was applied.

Yot

(ii) Pzddock 29 — This paddock was sown ir
Avturn 1966, with a seed mixture/ha of 3.7kg lanawa ryecracs,
1.8kg Ariki, 1.8kg Ruanux and 1.4kg Huia white clover.

[5) ¥ &
Time of last phoesphate application was 6-3~71 when 377kg/ha
was applied.

(iii) Paddock 1C - This pzddock was sown in
vermanent pasiture in Autumn 1972. The seed mixture/ha was
Ariki 2.3kg, lMenawa 3.2kg, Apanul Cocksfoot 1.8kg and Huis

o fov & o
white clover 1.4kg. Urea was applied to the pasture =t the

rate of 250kg/ha cn 12-5-72 and the last phosphate application

Pl

(377kg/ha) was on 11-12~71, when choumoellier was the crop.
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Fourteen Friesian bull calves born during Mey 1972, were
obtained from, either the Massey University No.T1 dairy herd
or purchased from local farmers. On arrival they were

randomly allocated to their vespective groups, fasted over-

}..J
o
et
=
} 3
49|
(6]
ot
jny
0]
%_
H
n
=
C
!"

night (a procedure which is claimed to mis

infectious scours - Lawrence aad Fearce, 1661) and weighed

-

the next morning. The calf's fasted weilght was used to
calculate its daily allowance of milk.

A

Up until they were eight weeks old, the cs

,\-)

lves wers
kept in individusl metabelism crates {(see Plate 2.1.), while
between eight and twelve weeks they were kKepl in individual
pens and bedded down on straw (see Plate 2.2.). The calves’

4

room was well ventilated and maintained at a constant

temperature of 179C. The relstive humidity vacied, but Jdid
not drop below 65%. The lights in the room were switched

e

on in tihe morning and off at night. approximating the normal

daylight pattern for that time of +he year (May—> Auguast).
Any calves that showed signs of scouring were itreated

with sulphamezathine (sulphidimidize - I.C.I.) and given a

drench of Kaluminox (National Dairy Association - Colloidial

Xaoli nd clurminium e necgi and licuid pareiftin

xgolin and sluminium gel, pectin and licuid paraifin).

During period A, o1l calves dlrrespective of diet were

drenched every two weeks with an enthelminthic berbendazole

Enl R P | ~ - »]
French), while during period 3

L T Y SIS 3 N . e
2t the tines they were brought




tray extension aiding
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Plate 2.1. Calf in Metabolism Crate (Periods A1 and A2)
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2.4, EXPERINENTAL PROCEDURE

cTe Chemicel Anslysis of the Diets

Both diets fed were sampled daily for DM determinaitions.

duplicate 200g samples were taken, while for the

N

T

:ntrate dizt a single 50g sample was taken. The DM

o

content of these szmples was debermined by drying them in
force~dravght oven for nine hours at S0°C. As oven space
over the period of the trial was at a premium and because
thet the difference between the I content D%
samples determined over nine hours, compared with 24h was
negligibie, nine hour drying of the samples wvas &
Whersas alter drying, the daily sawmple of the
concentrate diet was dis arded, the dally sample of pasgture

TXS’

was ground through a Tmm mesh in a Wiley mill and stored in
alr~tight plastic bags, o be later dbulked on a paldceck basi
for chemical anslysis. Por the chemical analysis of the

concentirate diet, samples of the councentrate zud hay

compecents making up this diet were ovtained pirior to the

coummencement of vhe experiment. iinereas the sample ¢f tue
hey was finely ground throuzh a ifmm mesh, the sample of the
concentrate compoment wag left in its intact form becauvse of

the difficulity eancounted when trying to grind it. These LwoO

e following chemical analyses were carried outs

b ie

Nitroger - as by NMazcro-Kjeldahl

s Ok

fBither extract } /.
ulch«»j“e\:\ R

L

g
i
]

rien - using adiabatic boxb calorimet

e
(e}
[oaS

‘ud

Acid detergent fibre : Van Soest (19
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2.b.2. Botanicel Compogitiocn of the Pastures

The pastures of the three vnaddocks used in the

experiment were assessed for their botanical conpositions,

i.e. the proportion of grass, clover and weed present. The
botanical separations were carried cut on samples of pasture

-

which were obtained by the random sampling of each paddock.
The sepgrated fractions were dried and the composition

e proporticn by weight of the total.

£

U’}

expressed as

2.4.3. Apparent Digegtibility of the Diets
2,437 The DM digestibility of the pasturce using
sheep -~ The objective of monitoring the digestibility of the

pasture using sheep, was ags a control measure e see 1f auny
changes in the call's digestibility of pasture was due Vo
cither, a ~hange in the ability of the call to digest pasturse,
or a change in the nutritive value of the pasture. This
control procedure was carried out wntil the digestibility
study with the calves had been completed.

Three harnessed mature sheep (two vasectomized rams
and one rumen fistulated wéther} were cach fed a édaily
allowance of OGSKDI“M of *the pasture, which corresponded to
approeximately a mainkenance level oif feeding.

FPaeces were collected daily and bulked over a period

cf seven days. This resulted in a total of eight
digegtivilitcy balance periocds, each of seven days. At the

end of zach period of collection, the bulked wet faeces were
weighed and +two 200g samples were taken arnd oven-dried for48h

n o

at 9@“0 for determination of DM content.




e

2.4.3.2, Digestivility of +the dlets using calves «

2

Ten calveg, five Irom each group were involved in the
digestibility trial. The orgsasnisation of this trial is

given in Table 2.3.

TABLE 2.3. The organisaition of the digestibility trial

Balance period 1 Balance p
(3P 1 (

- 553 . L0 0,
hge pericd 15 —~ 28days 36 - 57days
Orgenisation of faecal two perioeds of four periods of

jo
Y
<
w0
o
£
<
62}
jo7
8]
w0
o
O
2
0
7
W
et
16}
joh
8
g

During BP IT (which corresponds to period A2) thes ability of

the calf to digest pasturé compared with ithe concenitrate diet

Was assessed.

in this assesswment, the 1wo major balsnce periods were
divicded into a number of sub-bslsnce periovds, sc allowing any
affects of the sge of the celf within the two major perioas
tc be obgerved.

faeczl collection wag achieved by allowing the
volded Iaeces 10 pass through the grating into the receptacle
of ﬁhe meianolism crate, ifrom where they were collected twice
daily, mornings and afterncons. The faeces were bulked Tor

each calf and stored at —~100C.
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At the end of each collection period (for lengths of
periods see Table 2.3.) the bulked wet faeces were weighed,
thoroughly mixed and two samples of approximately 200g were
taken end dried at 900C for 48h, for determination of IM
content. A Turther semple of 500g was taken, freeze-dried,
then finely ground through a 1mm mesh in a Wiley mill and
stored in sir-{tight Jjars.

While the DM content of the faeces was determined by
oven—drying, the energy content was detvermined on the freeze-
dried samples. The incongistency of using the oven-dried
DY and determining energy content on the freeze~dried

amples, came about through an initial doubt that the freeze
drier was uncet drying the samples sufficiently, as oun awer?vﬁ
the LM content of the freeze-~dried sample was 2% units
higher than the corresponding oven-~dried sample. As a check
to see 1if this difference was due to moisiure or loss of
actual DM, energy de inations on some of the freeze-driced
and the corresponding oven-~dried sample were carried out.
The resultg are given in Appendix I, with the conclusion tunst
the difference was probably becsuse of a difference in the

")

moisture content.

244, Intake

The main feeding times were 0900h and 1300h and at each
of thesge feeds the calves werc fed half of their dsily
allowance of milik. The milk was warmed with the addition
of hot water end fed to the calves from a buckKet.

| Initially the solid food was offered &% the 0900h

only, however, as the calves increased thelr intakes of

b
5y
(o

it; the diets which were being fod ad libitum were ofrered at
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both feeding tines. Also because the gize of the food bins
1imited the amount of pasture which could be offered at any
one time, pasture was replenished throughout the day as the
food bins emptied. 7hen a solid food was cffered in s
restricted amount, the daily sllowence was given at the
09%00n feed.

Except for an hour in the morning when food refusals
were bpeling collected, all calves had continuous access 1o

thelr respective diets. To ensure ad libltum intakes, the

concentrate and pasture was fed so that refusals were at
least 10% of the dayv ‘s intake. Focd refusals were
collected in the worning prior to feeding, weighed and

d

erminations. For ccncentiaste

refusals a 20z sample was Taken. while for pasture a 100g
was taken. A1L of the calves had free access to water
during period A. Daily water intakes were recordsed during

period AZ only.

The general objective of the feeding regime for

e

period B was to moke gvailable a good suprly ol pasture at

6}

P

amounts in access of the calves' requirements, thus enabling
any potentisl compensatory growth to be demonstrated.
Over the summer pssture was in short supply, but both groups

were treghted alike throughout.

2.4.5, Live-weight Gain

Turing period A the calves were weighed weekly at
080Ch, orn scales accurate to + 0.10xg. It was hoped that

m . ~ N N P P . n oy e ] 1 e Vs whe L
the recording of the live weight at exsctly the same poinv 1n

the feeding cycle would help minimize the error cf gut fille




For period B, the error of gui fill was minimized by fasting
the calvesg without access to water for 15h. Welghing

during this

N

A,

: pericd was not ocn a regular basis.

Two metheds were used t0 calculate the live-weight

Ly

(1

uscd o6 calculate the live-weight gains of the calves ouver

By regressing live weight on age. This wags

periods A1 and AZ.
(2) By the difference method (Bailey, Broster and

which ig defined as:

live weight at time t, —~ live weight at time T

Thig method was used to calrulete the live-weight gains of
the caelves during period B and also the overall live-weight

gainsg of the calves for period A.

2.4.6, Time of Retenticn of Undigested Residues of the

Joncentrate diets fed during period A2

o)

jo N

Pasture an

s

freur calves from each group, aged between six and

o

eight weeks, were fed o proportion (4%) of thair respective

=

. e W s s ‘
diet, pasture cr concentrate, stained with safrsnine. Ths

)

stained diet wag fed at 2300h with the first fascal sample

1

taken at 0930h and the subs=guent Tourteen sam

over & perirad of geven days. The gitained pariticles in these

the results were expressed as the mean time of retention




2.4.7. TFating and Ruminating Behsviour

The deily eating and ruminsting activities of threc
calves receiving pasture (group P) and two calves receiving

concentrate (group ) were recorded over a continucus period

)
1o
o
[
)
=

of several dars, during pericd AZ2. The apparatus u

-

the recording was based on that usged by Campling and Freer

(1966) although modified slightly by Davey (1973). The

v

o
O
-
o
v
[
w

apparatus used i1s illustrated in Plate 2.3. while paxt
of the recording charts illustrating the processes of eatiog,

<

roninating and regting, is given in Fig. 2.7«




tube connection between

balloon and recorder

halter holding balloon tamber recorders

under chin

4
‘ lt
:|~'---ﬂu-‘l?-?\*ni}i‘n-'-:-:incu TN

chart recorder

Plate 2.3. Eating Behaviour Recording Apparatus

in Operation



Fig. 2.1.

EATING

' minutes '
' 105 t l

Part of one of the recording charts illustrating

the process of eating, ruwinating and resting

47
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2.5, STAPISTICAL ANALYSIS

The treatment differences of the two independent groups
were analysed according to the thecry of the t — statistic.
Where the variances of the two groups werce shown to be
hetverogeneous, the datza was anslysed according to Sanedecor
and Cochran (1967) page 115 Where regression analyses were
carried cut, the population parameters were estimated by the

cast squares technigue.
The Arimal Production Journal's convention for

N

shovwlng the level of significance has been adopted. This is

a result which is

non-significant N3

significant at the 5% (0.05)level ¥

significant at the 1% (0.01)level * i
s

significant at the 0.71% (0.001% )level
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3T ANIMAL LIEALTH

The calves maintsained remarkable nealth and vigour
throughout periocd A, with the only ill affect apparent {rom
their long sojourn in the metabvolism crates being abrasiocns
to their carpal (knee) and tarsal (hock) joints. These
abrasions were treated frequently with locdine with the result
that no infection became established.

The incidence of scouring wag low, with there being
a total of only five calf-days when it occurred, and on each
occasgiocn trestment was successful, allowing the intake of
millk to be meintained. Calf 11 developed o chronic navel

A

infection that was repeatedly treated with procaine penicillin

4

(4/5 Rosco). Imring period 43 211 animals were treated for
lice with fenthion (Tiguvon-Bayer).

[E2)]

There appeared to te no 11l alfects caused by vaescure

being the gole fovod from five weeks of age. Only calf 12

developed a "pot-beilied" appearasnce, with this disaprearing

Dt 5
during period I, Photographs of a reprsseuntative gelecticon
of the calves are shown in Plate 2.

Celf heslth was not nmaintained during period B.

Within nine weeke of beirng put out to pasture three calves had

died, two from bloat znd cne from the navel infection

the summer period (January,

previol

Ol
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it
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e}
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2
¢
.
e,
!
=5
E,..!
33
4]
-
o
dond

1973) the calves developed staggers and 1¢ was at this time

that & further two celves died through mis-adventure.
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With only nine animals left (five in group P and four in

group C) period B was prematurely terminated.




A summary of the chemical composition of the pastuie

-t

and concentrate diets is given in Table 3.1. On the basis
of this chemicsl aralysis the pastures cut from the three
paddocks were very similar. The lower DM content of the
pasture from paddock 10 was & reflection of the short time
this vasture had been sown (see section 2.2.3.7.).. The
I
values for the acid detergent fibre of the pasture confirms
that it was in the vegetative state, however they also
demonstrate that pasture contains considerably more lignin
and cellulose (acid detergent fibre) ed with ithe
concentrate diete.
3.2.2. Botanicsl Anslysis
A summary of the botanical compositions of the
pastures Ted to the calves is given in Table 3.2.
TABLE 3.2 Betanical composition of pasture
(¢l T
(5% D)
Grass SLover Weed
Paddock 30 60 34 6
29 70 20 10
10 (il - 23
Associated with paddock 29 was & large litter of dead

leaves which had fallen during the Autumn from the number of




TABLE 3.1. Chemical composivion and energy content of dievs

Crude Acid
L protein detergent Ether GE content
3 : £NT. -~ (303 Y ey ey o - e P "1 Aot g
Diet (%) Nz6.25) fibre extract Lsh (keal/gDhi)

Concentrate g, .2 22.0 7.0 4.2 4.8 4,603

Hay 849.5 7.8 33.9 2.7 8.0 4,230

*Concentrate + 10% hay 91,0 21.5 9.7 4.0 5.1 4,506
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103 4.546

Fasture 29 14.7 - 19.8 26,1 20.3 ) 12,6 4,375
10 11.3 ~ 13.4 24,9 19.9 Teb T1e4 4,409
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% Thig was the concentraite diet fed to the calves in this prescat study
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deciduous trees growing in close proximity to this paddocke.
The low clover and high weed content of the pasture from
paddock 10 was again & reflection of the short time this

pasture had been sown.

3.2.3. Bulk Density of the Diets (kg DN/Llitre)

As it is difficult to obtain a meaningful valus for

the bulk density of pasture, the two diets, concentrate and

1. .

pesture were photographed to allow a vigual comparison o ne
made - gee Plats 3.2. As both piles represent (kg DM, the

Lower density of the pasture compared with the concentrate

diet ig well illusirated.

3.2.4. Aoparent DM Digestinility of Pasture using Sheep

The results of this study are sumnarized in Fig.3.1-.
The results demonstrated that the digestivility of the
rasture was reasonsoly constant for the first seven weekly

periods; by which time the calves!' digestibility trial had

qu

.l

6]

been completed, The drostic drop in the DM digestibili

during the eilghih period was the probtable result of a sharp
rise in the soll contaminztion of the pasturs over this
period. This rise in the contaminstion is indicated by the

o

rise in the ash content of the daily pastur

“3
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ey
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o 1

ig.3.2.) and was the result of a combination of

bt

period (sece
two factors:

(i) the replacement of the Allen mower with the

[t

gsickle~bar mower, resulting in the pasture being cut closexn
to the ground
(ii) a period of intensive rainfall which

producec muddy conditions.




—- 6inches

Pasture 1kg DM Concentrate 1kg DM

(17% DM) (89% D)

Plate 3.2. An Illustration of the Difference in Bulk

Density between Pasture and Concentrate
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Pigure 3.1. The Di digestibility of pasture using sheep
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3:.3. APPARENT DIGESTIBILIMTY DEDTERMINATIONS USING CaLVES

!

The digestibility determinations of this present study

were calculsted on a one day ‘'lag' hasis rather than the
<

b

normal twe day ‘lag’, as Preston et al. (1857) demonstrated

&

that when young calves were fed pasture there was a maximum

}

correlation bebtween the intske of pasture and faecal ocutput

for a 'lag® of 24h. ‘Lag® is defined as the time from when

a particular day's feced was first offered until the

bt

t o

H

corresponaing day's faeces were collected. This resu
FPreston's was supported to 2 limited extent by the regults of

this present study (sec Avpendix TII).

Apparent digestible energy (DE) determinations during

Low)

the pre-weaning balance pericod (BP I) were calculasted after
correcting Tor the intake of milk, assuming the DE of cow's

millk to be SH% (Tomme and Taranenko, 1939 cited by Rey et al.,

The resulte of the digestibility trial are shown in
. and 3.4. By considering the figures obhtained
during the two consecutive seven-~day sub-balance periods of
BRI (ypre-weaning ~ see Table 3.3.) and the four consecutive
sub~bslance periods of BP 1I (post~weaning — sce Appendix IV)
it was observed that the digestibility of the energy did not

alter over the two balance periods.




TABLE 3.3. hpparent digestibility of energy (%) + se

of the pasture and concentrate diets offered

to the calves when they were between 15 and 28

se of difference
Tst sub~balance 2nd sub-balance and probability
period periocd of testatistic

(+) (P)

T5.53 + 2.40 72.65 + 1.66 2.27 KS

wsene

Ls the DE coefficients of the diet fed to the calves
during BP I were determined on varying levels of intake and
varying ratios of concentrate to pasture, multiple regression

nalysis was performed to see if these two factors contribuated

©

to the variaticn of the DE values. The resultiing regression
coetficients glong with thelr standerd errors are given below,

with neither o7 the coefficients Leing significantly greater

L4 = intake bi= 0.71 % 3.23 (u8)
%, = conceutrate/pasture bo = 0.76 + 0.85 (NS)

dfe= 18

The difference beitween the DE coefficients of the
pasture and the concentrate diets fed to the calves poste
weaning {period A2) was non-significant (see Appendix IV).

The individual calf determinatiocnsg of the DE coefficients of

the pasture and ccncentrate diets fed during this period are
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TARLE 3.4. Apparent digestibility of energy of the pasture
and concentrate diets offered 2d libitum to

calves when they were from 36 to 57 days of age

Concentrate diet Pagsture diet
(Group C) (Group P)
Calf Dy Caldf DE
identification (%) identification (%)
1 73.63 b 2 74.82

L
o’

3 74,8
68.70

1%
)
[0 o BN 0 AN

~J

o)

o

o

D

7 76.58 b b
9 77.50 b 10 73.68

Group mean + se - T4.25+1.54 75164+0.71

s -

a,b Values followed by a commen letter for the DE values of

group C are not significentiy different {(P<0.05).

The significance of the varistion between calves in

-

the determination of the DE coefficienis of the “wo diets fed
was investigeted - sce Appendix V. The variation between
the caives receiving the pasture diet was non-significante.

However the varisztion between the calves recelving the

concentraive diet was highly significant, and a comparisorn of

-

these calves' means by the least gignificent difference

technioue, denonstrated that the value for calf 5 was

significautly lower compared with the othe —~ gsee Table 3.4.
As the DE deterninations during br Il were also

-

is

carried out under varying energy intskes, the effect of tb
J €5

.




factor on the DE values within diets was luvestigated.

With neither diet was the variation of the energy intake

important in explaining any of the variation of the DE

values.

TABLE 3.5,

The results of this analysis are given in Table 3.5.
Regression coefficients of the relationship
between DE (Y.%) and energy intake (X,Mcal

DE/dey) analysed within diets

Diet d.f. b o+ se r? Prob. of b
Concentrate 18 ~1e271 + 3.615 0.01 NS
Pasture 18 ~1.107 + 0.686 Q.13 5
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~egented in relation to

4

The performance results are p
the periocds of the experiment. Te give an overall
pzrspective of the effects of the two rearing methods on the
performance cof the calves, the general results of period 4
are presented Tirst, with the more detailed analysis of the

sub-periods given in later sections.

Ll

7

N
i
i

. Performance during Pericd A (0 = 84 days of age)

®

(1) Intske - the increase in the DM intakes

expressed 1n absolute terms and relative to metabolic body

.8 . ~ . .
size (xg%) of the two groups of calves during period A, are
given in Pige. 3.4, and 3.5%. respectively. The source deta

for #g's, 3.4. and 3.5. are presented in Appendices VI and
VIT respectively.

{ii) Daily live-weight gains - the mearn live-weight
ga2in {(as czlculated by the difference method) of the calves
in group ¢ during period A, was significantly greater
(P< 0.1%) than that of ithe calves in group P — see Table 3.6.
TABLE 3.6, Mearn daily live-weight gain (kg/day) of the

two groups of czlves during period A (0--84days)

se of difference
and probablility
Group of t-statistic

C P (+) (®)
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(iii) TLive weight - the mean live-weight changes of

the two groups of calves during period A are 1llustrated in

Fige 3.6. These data are presented in Appendix VIIL.
3ed.2. Performance during Period AT (Q - 28 davs cf age)

o

The performance results 2f the two groups of calves

during this period are summarized in Table 3.7.

TABLE 3.7 Performance (mean valueg) during the first four
weeks of life of calves all offered pasture

ad libitwn and a restricted concentrate diet

(affter the first weelk) comparing the two grouns
to ¢bserve 1T sny bias was introduced during
this pre-weaning period which way have cenfounded

the results of the calves' post~weaning

performance
se of difrerence
and probability
Group of t-statistic
¢ P (+) (P)
Weight at 1 week (kg) 39.0 36ed 2.0 NS

Intake of solid food(kghi)

Concentrate 3.568 3.525 0.781 NS
Pagture 1731 1.858 0.427 3
Total  5.299 5.383 0.636 NS
*live-weight gain/day(kg)  0.40 0.42 0.04 s

* (Onlves were receiving a milk allowance suificient fox

maintenance + 0.2kg/dmy live-weight gain
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The calves' intakes of sclid food were expressed in

erms of DL, ag over this period the composition of their

total DM intakeg varied id.e. ratio of concentrate to pasiture

(sec Fige 3.7.) and the DE coefficients for these varying

I3

diets were t00 inconsisten’

’T‘

for general applicatione.

Disregarding groups, the total DI intake of pasture

S

compared with concentrate by the calves duriig period

T A 35
investigated. The results are summarized in Table 3.8.
demonstrating that when calves were offered both the
concentrate and the pasture diets, they ate significantly
more of the concentrate.
TARLE 3.8, Total DM intekes (mean velues) of concentratls

and pasvure by calves during the first four
weeks of their lives, when each calfl was offered
both diets, concentrate (restricted) and

pasture (ad libvitum)

se of difference

and provability

"y
o

Diet of t-statistic
Concentrate Pasture Y. (»)

intake (kg) 34547 10795 0.428 s

As there was a considerable variation between calves

in the proportions of concentrate and pasture making up ineir
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two variables. The results are given below:
a *+ s = 5.448 + 0.763 (%% )
D o+ se = «1.059 + 0.429 (%% )

1”2 B 0&34‘
Géfe= 12

Although b is closge to unity, the 5% confidence interval
for £ iz

”Oz?zé}: z ﬁ 2 -1 &'994’

In interpreting the resulits of this comparison of the
calfts relative idntake of concentrate 1o pasiure, it must be
remembhered that the calf's intake of concentrate was being
restrictede.

The relationship among the combinations of the three
variables. live weight of the calves at oune week of age,

their respective total DM intakes of soirid feod and live-

welght gains over the subsequent three weeks were investigate

b

The results are summarized in Tsble 3.9.

d

i<l
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TABLE 3.9. Regression coefficients among the combinastious

of the variables, live weight of the calves at

R e

one week of age, their reapective total I
intakes of golid food and live-welight geins

e

over the subsequent threse weeks

Dependent variables

Live~welght gain Total I intske
Independent (kg/day) (kg)
- . ~ . i
variables b + se e Do+ se A

at 1 week (kg)|~0.0017 # 0.006 ~0.003 0.053 + 0.087 0.030

intake (kg) P O737 & 0.318  0.310
f

d.fe= 12

¥ gignificant at 5% level

N

LA
«
~
o)
%
e
4

Performance durihz Period A2 {35 ~ 56 days of age )

"intakes of the two diets fed were

The calves
expressed in terms of DE intakes with units of Mcal DE/day.
These DE intakes were calculated from the gross energy intakes

using the following DE coefficientss

iet — pecause the between aalf

5
5
M
o

variation of the DE coefficients for the pasture diet was not
significant (sece Appendix Va), the group mean was used as the
estimate of the IR coefficient for the pacture fed to the

calves.

¢




(ii) for *ne concentrate diet — because the between
call variation of the DE coefficients for the concentraie
diet was gignificant (see Appendix Vh), where present the
calf's owr estimate of the IR coefficient for fthe concentrate

-

involved in the

ho

we s vaede.e For the two calves whichh were not
Cigestipbility study the group mean was used.

The celves’ performance results for this period are

o) - . 2 o~ 3, 1 -
swimarized in Table .10,

AT T

I B SR RN

s

Performance (mean values) during the period of

3

ned

]
s
o

-

age of five to eight weeks of calves weaned by
five weeks of age onto a diet of either
concentrate (group C) or pasture {group P)

offered ad lipitum

Ead

se of difference

and prohability

Group of t-statistic

DE inteke of diet(lical/day)

O
3
N
RN
]
-

during the  6th week 3.802 3261

T4h week 4,784

N LAt
7
Co
3 g’\)
o
—
*
2
whe
bis

8th week 5.518
water intake/day (kg) 3.81 1.06 0.40 I
Live weight at Sweeks{kg)
weeks(kg) . 63.0 53.8 1.7 e

50.8 47 .3 2.0 ns

Live-weight gain/day (kg) 0.58 0.31 0.0C6 wEwE

Although the calves in group C had a gignificantly

greater desuily water intake than the calves in group P, becouse

o

£ I ] ] . |
DOG GVersne SirL (O CHEES S A S SELLYES
i LEES . Lo pasiture My oudie Cadves
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in group P during period A2 was respectively 17.3% and 1.016
kg DI/day, these calves in addition to the water they drank
tock in 4.86 kg/dey of water associated with the pasture.

The rates at which the calves increased thelr DU

3

intskes of z0lid food with time during pericds AT and AZ were

U

calculated by regressing the DU intake of solid food (YV.kg IM)
on. the zge of the calf (X, weeks) and using the regression
coefficient (b) as the estimate for the rate of increasc.

The resulls of the analysis are summarized in Table 3.11.

TLELE 3.71%. The rates ot which the calves increased their
DI intakes with time (kg Di/week) of the
concentrate/pasture diet they all received
during the pre-weaning periocd (periocd A1) and

the pasture (group P) and the concentrote

(group C) diets bthey received post-weaning

(period A2)

level of

Groups significance

Perioed defe C R between groups

AT A0 0.179 + 0.014

AR 33 0.306 + 0.023 0.220 + 0.016 wH
level of
significance

between periods JEEE NS

te demonstrate that the calves recelving the

te-weaning were able to both lncrease Thelr
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gnificantly greater rate that those
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receiving pasture,and a2lso at a greater rate than during

the pre~weaning period. Calves receiving pasture
post-weaning were not able to significantly increase their

0q
o)
5
(\
2

rete of increase in DI intake during this post-weaning p

compared with the rate for the pre-wesning period.
The meintenznce reguiremsnt for the young calf was

H : - ey ey - o A O 3 s
estimated by Johnson (13972) to be 110cal lE/kg 073 and by

dividing this value by the constant 0.82 to convert ME to DE

g
(ARC, 1965 Pennessy, Woedlock and Jagusch, 1972) an estimate
for the calf's maintenance requirement in terms of DE is
derived; nemely 134 keal /kg 73, This value was ugsed 10
remove the maintenance component from each calf's average
daily DE intske for periocd AZ. The relationship between the

TA

resuliing residuval DE intske, which theoretically would bhe

that DE intake available for production,and the live-weight
gain ¢f the calv over this period was investigated.
Tne anslysis 1s given in Table 3.12.,while the relationshiy is

e
illustrated in Fig. 3.08.
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TABLE 3.12. Regression coefficients for the relationship
between daily live-weight gain (Y. kg/day)
and DE inteke above maintenance (X.Mcal DLE/dzy)
when calves, during the periocd of age of five-
to eignt weeks were ofTered either a pasture
(group P) or concentrate (group C) diet
ad 1ibltum
sige
d.f. a + se b+ se re of b
Group P & 0.267 £ 0.126 0.0352 + 0.0489 0.09 U
Group C 6 0186 + 0.078 0.1845 + 0.0569 0.68 *
Combined data of
groups P snd ¢ 12 0.034 + 0.086 0.2273 + 0.0499 0.64 #
The analysis of the combined data from both groups
demonstrated a highly sigrificant relationship between the
live~weight gains of the calves and their DE intakes above
meintenance. A significent relationship was also
demonstrated for the calves receiving the concentrate diet, buw
not for the calves Ted pasiure. The four calves which
deviated mogt from the common regression line were those calves
which vere not involved in the digestibility study.
A possible dimplication of this is discussed later (see section

The reciprocal of
an esgtinate of the energy
combined data the recipro

gaii.

the regression coefficient b, glves
allowence for growtlh. For the
cal of b=4.399 Mcal DE/kg live-weight
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3.4.4., Performance during Period A3 (57 = 84 days of age)

It is illustrated in Pig. 3.4. that when the calves
in group C were changed from the concentrate diet to pasture,
thelr increase in DI intaekes with time decreased markedly. |
This result however, has Llimited interpretation as

(i) there was not a control group of calves fed the
concentrate diet concurrently to the time of change over of
the two diets, the extent of the effect of this change over
cannot be truely assessed

(ii) the results were confounded by a decrease in +the
guality of +the pasture supply over this periocd, brought about

by the predominant use of the pasture from paddock 29 a+t this

&

ot

ime (see Fig.3.3.). This fall off in quality was reflected
by a decreaged rate of increase over this period of the DM

intake of calves fed pasture (group P) - see Tig. 3.4.

[y

e feeding of the concentrate

(¢

To assess the effect of th
diet t¢ the caives in group € during periocd A2 on their
subscqguent intake of pasture, the pasture DM intakes expressed
in absclute terms and elso relative to metabvolic body size of
the calves in the two groups during week twelve were compared.

o

The results are presented in Table 3.13. and show that

—

provided allowance was made for the live weight differences
retween the calves in the two groups, there was no significaut
difrference in the intake of pasture between these two groups oi

4
Caives.



TABLE 3.13. Daily DI dintake of pasture expressed in
absolute terms and relative te metabolic
B . e e
body size (kg+), when offered ad libitum

to calves during their twelfth week of life

se of difference
and probability

Group of t-statistic

DM intake (kg/day) 2.086 1.781 0.12/ %
DM ka/kgt/day) 82.47 82.50 4,87 1S
Jeod. 5. Performence during Period B (844 days of age)

The live-welght changes of the two groups of calves
guring pericd B are swmnsrized in Table 3.14. and Fige 3.5

AY no time during this period did the difference in
live-welght geins between the two groups differ significantly,
resulting in the difference in live-weignt esitablished whean

ng

the calves were twelve weeks 0Ff age Derng raintained

+
i

throughout the period ¢f mezsurement.

¢

i
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eily live-—weight gain ¢f calves during
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the periced of age of 84 to 303 days

when they were grazing pasture

se of
Period Age* Fo. of Groups difference
of growth {days) calves c P ()

12 - 26/8 113 14 0.62 054 0.10
27/8 ~ 169 128 12 0.83 ¢.78 0.08

"

oo
na
e
o

17/9 — 6/10 150 11 0.81

7/10 —~ 18/11 193 1 107

b

1

o o O
@
! o
=J
o
o
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¢
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&
l.:\'

19/ 1a/12 220 11 0.61

15/12~ 6/3 303 g 0.35

o
N
A%l
o
@

o
o

cver all

I
O
2

o
>

12/8 — 6/3 9 0.65 0.6

ifferences in this table

£

no significant

¥ Average age of calves at end of periocd




Figure 3.9. Group mean live-weight changes of calves during periocd B
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3ehe RETENTICH TIMES OF DIET RESIDUES
The mean retention times for the two diets averaged
over the four calves, are given in Table 3.15. The
difference between the two means was not significant. The
average cummulative curveg for the twe diets are given in
Fig. 3.10.
TABLE 3.15. Time of retention of undigested residues
of the pasture and concentrate diets fed
during period AZ
se of differences
and probability
of t—statistic
Concentrate Pasture (+) (P)

Mcan retention

time (h) 66.5 €9.0 3e NS

[Xe}

.

As the gtaining method extracits soluble materisi and
removes small particlec from the diets, the steined diets
were analysed for thelr content of acid detergent fibre
(celiuvlose + lignin) to assess the extent of this extrection.
These results, compared with the ascid detergent fibre content

of the corresponding unstained diets are given in Table 3.76.

and a large difference notad.




Lcid detergent fibre (% of DM

stained and unstained diets fed to the calvas
Acid detergent fibre ( % of DM ) of
Concentrate Pasture
Unstained 9.7 20.6
Stained 25.3 36.5
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36 EEDING BEHAVIOUR

The individual and group means for the time spent
eating and ruminating by the calves receliving either the

concentrate or the pasture diet are given below in Table 3.17.

TARLE 3.17. Individual and group means for the feeding
behaviour of calves age< between six and
ght weeks receiving g diet of either

concentrate or wnasture

az

No. of ‘
/W/ \\*m\

Calf records Bating Ruminating

FRo. /animal (k) (min/gmi)  {(h) (min/glil}

3.13 Cot6 771 0.39
3.10 0.13 545 0.23

-t
~3
\}

Group C

st
0

(Concentrate) 12

Group nean 3.12 Oc14 6.58 0.31

(&

6.£4 0.34 6.70 034
5:.73 0.29 6.97 0. 30
0.29 7.92 035

Group ¥ 1

ot
(e
(NCEEEAN o}

(Pasture)

N

—
o~
hS
o
?
o
)

Group mean £5.69 031 7.20 0433

Owing to the limited data, difrerences between groups
in feeding behaviour were not tested statistically.

e

However, it is obvious tTha

-

t the calves recelving pasture spent
considerably more htime eating than those roceiving concentrate,

ing was falrly similar.

althcugnh the




oo
e
e

The distribution of the eating, ruminating and
resting activities of the calves throughout the day is given
in Pige 3.71. The results demonstrate the periocdicity of

these activities, with eating being more predcominant during

<

the day while ruminating more at night.
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experience in eating thelr respective post-~weaning diets nrior

or
O
o
j8V]
)
b
s
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3
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=
ct
by
o
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&
g
0]

fthis svoided the possibilit
difference in intake of the {two diets fed during the post-
weaning was influenced by prior experience of the food.
That The pricr experience galined with a fcood affected ©

subseguent intake of that food by calves was observed by

158
on bthe subsequent performance of the calves during the
pre-weaning neriod (sse Table 5.9.). This resvlt supports

the observaltions of Lawrenece and Pearce (1965), Davies and

Owen (1967) and Key (1969) -~ see section 1.2.%.1.

In the present experiment the growih rates of the calve

receiving pasture during the post-weaning period were similar

to those obtained by Gleeson (1972); namely 0.37 and 0.37kg/

o

day respectively Both results, however, were lower than
those of Tongsdale and Tayler (1969) who obtained growth

eceiving pasture in the order of 0.5kg/day.

=0 u o

S 1.

Tnis aifference in growth rate ma; have arisen
celves, both in this present experiment and that of Gleeson
(1972), receciving culb pasture indoors, whereas Longsdale and

calves grazed pasture. I% 1s well known

-

Tayler's (1969
that calves are selective grazers (Hodgson 368) and it ma
& s /

il
L

have been Tthat the reduction in selection caused by stal

feeding the calves cut pasture, did not allow the true

otential of pasture as an early-weaning fcod to be realicsed.

o]

therefore
b
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bty

> T ox althounh the nmean
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receiving pasture in the present study of 0.31kg/day was well

ot
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o

below the "target' for dairy repacement stock of 0.45 to

55kg/day (licleekan, 1956; Crichton et al., 1959), this

ot

study does not necessarily discount pasbure as an early-

£ 7

food for this type of stoc

=

Weaning .
e of the calves receiving the
concentrate diet of 0.58kg/day was below expectation, as

Yhovri (11969) who weaned calves onto a similar concentrate

diet, obtzined growth rates of 0.7%7kg/dey. The difference

grcater ability to take in concentrates compared with pasture

during the pre-weaning period, 1t is likely that these calves

would heve had a lower DI ke thea if they were being fed
concentratss ad libitum , as did Khouri (1969). This may hw

résulted n a difference 1n performance in view of the carry-

over effect of the pre-weaning management on the poshb-weaning

o
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ture compared with

&4

Tre lower DI intake of pa

concentrates duving the pre-~wianing period9 wnen the calves

were olfered both diets, was nobt reflected in the rela*ionship

T's inteke of concenbtrate and its intake of

pasture (zee page 69). The estimate of the regression
coelficient, A7 . for this relabtionship was -1.059 which would
suggest that the calves sﬁb stituted pasture for concentrogtes
on a 127 hasis. However, bthis interprebtation must be
treatad witn in view of the large o5 confidence

interval essociated with the estimation of/g'g
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4.1.2. Digestibll

The results of Tthe post-weaning digestibility study
demonstrated that the DE content of the pasture and the

concentrete diets fed to the calves over this period were

very similar ( see Table 3.4.). This resullt suggests that
the difference between the calves' intake of the

concentrate diets did not arise from a difference in the
digestibility between the two diets. That the difference
in intake could not be explained in terms of a difference in
digestibility bebtween the two diets 1s not unexpectbed as
Reymond (196%) has pointed out that general relationshin
between intaxe and digestibility i1s a boo simplified
concept. Further, Montgomery and Baumgerdt (1965b) have

sugrested that the relaticnship between intake and

digestibility may differ according to the physical form cof the

The calves’ ability to digest the pasture and
crncentrate diets developed early. This was demonstroted

by the high coefficients of the DE of the concentrate/sasiure
diet fed during the pre-weaning period (see Table 3.3.) and
also by the absence of any significent alteration in the
DE coefficients beiween the various sub-balance pericds
(Table %.%. and Avpendix IV). This confirms the result of
Preston et al. (1957) that calves develop the ability to

. aon Eal b B o - - . 3 Y . ~ A
solid food at a very early age. In the present

study the calves were Ttwo weeks old and had been receiving

ey vt ]
ocne weex




determined with sheep compared with that of the calves
(see Fig. %.1.) was prohably associated with the different
levels of feeding of the two groups of acnimals.  Vhersas

the calves received pasture agd libitum, the sheep were fed a

and Stroud (1959) with sheep, demonstrated a drop in

pasture with an increase ih intake,
An epparent contradiction of these results is thet tne
variaticns in bthe level of intake between calves were not

reflected 1n variations in digestibility (see Tal

bt

Tolmes (1969) supggest that gub capacity

~

nd

Lesver, Campling

)

e

ig important in determining the extent of the eflfect of the
level of feeding on digestibiiity in & particulsr animal.

Als Ve T ransitional phase of the ceif's 1if ahiel
Also, over the transitiownsal phase of the calf's life (which

corresponds to the post-wearing period of the prcsent study)

ationship bpetween rumen size and DM

197170e ), Possibily therefore, the ratio of the calves!'
intakes expressed as some unit of their gul capacity. may
spproach & constant, In view of the conclusions of

Leaver et al. (1969) this would be reflected in an avsence of &
relationship between thue level of feeding and the

The standard errors assoclated with the group mean
digestibilities of the concenirate and pasture diets ave low
considering that this digestibility study varied from the

o~

that the intake of food of
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The greatest deviation from the common regression lin
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however, it is of interest that the intakes of three

four calves represented extreme intakes

O]

of

thes

our calves not used in the digestibility

tal or not is debatable,

W

respective groups. Although it was coancluded in section

~

4.1.2. thet the variation in the intzkes of

the calves

o

did not

have a significant affect on the digestibility of the diets

fed, the exbtreme manner in which the intakes of these three

calves deviated from the mean may have resulbted 1n so

e

effece on the digestibility of the dietls. This would have

made it erroncous to apply the group mean digestibilid

calcuiate the DE intaskes for these calves. Howevexr

by

,
o
o
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e
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o

this was the major cause fo
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values or whebther it was

more c¢bscure factors is mere snectulation.
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As stated in scetion %.4.%. the reciprocal of the

regression coefficient ( 1/b an estimate of ¥

o
i
3
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$

he

requirenant for the live-weight gain of the calves over
post-weaning period, when vsing the figure of 11Ckcal/uh

D

variagtlion of these

£ill factors or cother

B

/day as the estimate of the calves mainbtenance requirement

(Jomeon, 1972). In this present study the DE requirement

for growbth was calculated to be 4.399 Mcal DE/kg live-weight

zain. As Johnson (1972) did not publish any figures for the
calves reguirements for growth when receiving a diet of solid

food, it was nob possible to compare directly the value

obtained in thi
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calculated in this present experiment is an underestimabion

of the "true" wvalue. This i3 vecause the calves' abgoluue
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live-welght gains over this period are confounded by

concomitant increases in gut fill. This increase in gut

[

£ill in illustrated by the results of Roy and Stobo (1963).

They found that the weight of the contents of the
glimentary tract increased from 6% bedy weight when calves

o 27% and

I s

three weexs of age were receiving a liguid diet,

-1 A

not less than 11% of body weilght when calves twelve weeks of
age were receivipg respectively a roughage or a concentrate

fered ad libitum . The calves were weancd at five

The present study confirms the results of cther
peoples' work, suvmma e¢d in Table 1.7., that calves
2 b b
recelving pasture spend a considerable time eating and
runinating. Calves receiving a concentrate diet, spent less
) B 5

time eating and ruminating per unit DM intake Than calves

receiving pasture (Table %.12.), with the greater difference
occurring with time spent eating than ruminating. e

unexpectedly hagh ruminsting times for the calves receiving
the concentrate diet was probably because of The small
amount of pasture fed (8 - 10% DI intake) along with the
inclusicn of 10% chopped hay in the concentrate dizt.

B

In view of the probable importa

o

ce of oropharyngeal
factors in controlliing the intake of solid food by young
ruminantc shortly after weaning (see section 1.1.1.), the
possibility arises that the difference between the intake
of conceutrates and pasture by the calves in the present

study may have been abtributable to the calves having to




spend more time eating and perhaps ruminating per unit DM

intake when receiving pasture then when receiving

concentrates. This would operate through oropharyngeal

"

upper limit on the time the calf is

iy

factors placing an

o

willing or &ble to eat and ruminabe. Therefore becaus

®

calves recelving pasture must spead a longer Time eabing znd
[T I )

]
L
ot
)

runinating per unit DM intake compared with those calves

recelving councentrates, Tthey will reach the limlits imposed on

by

intake by the orovharyngeal Tactors at a lower intake, compared

o
o

I

/1th those receiving concentrates.

pe

4,1.5, Hean Retention Time of the Concentrabte and Pasture Diet:

The results of this study would suggest that the
undigested residues of the concentrate and pasture diets spent
en equelly long time in the gut of the calf (Table %.15.).
However, in compariscn with the results of various other
workers (see Tavle 4.1.) two important points arise with
regerd to the results of this study.

The mean retention times of the two diets in the

~
N
o

o

present study were considerably higher than the results of
other workers. Furthermore, it must be poinbted out that
the mean ietention times in the present study were
underestimated, as Shere was still a considerable amount of

coloured particles present in the last faecal sample with

Q

each dietb.

(ii) The similarities of the mean revention fimes of
the two diets This would not be expecced considering the

results of Taparia and Davey (1970), although similar times of




A

TABLE 4.1, Compariscr of mean retention times of various diets

Lnimel Diet Sime Reference
Calf 6-8 weeks Pasture 69.0 Present
of age Cencentrates 68.5 experinent
. Long form 46. 8
Dried Ground pelleted 2%.0 Hodgson (1971a)
1t t 2500
Calf 5-12 weeks grass Long form 58,51 Hodgson (1971¢)
of age Ground pelleted h902j
Concentrates ’ﬂE content 2.2 40,2
with increasing g " 2.9 bégﬁz Kay et _al. (1972)
\_ roughage Ny " 2.6 55625
Milking Pasture 49,6 Taparia and
cow Concentrates 28.2 Davey (1970)




rumination for the two diets (see section 4.1.4,) may give a
clve as to the reason for the similarity of the resulits.
With regard to the technigue of using coloured
particles as a mecasurement of Tthe mean retention time of o
seriously question the

significsnce which can be attached to such Tlow data

measurements in view of The extractive nature of The staining
procedure. The extenbt of this extraction of the coloured
particles used in the present study has been illustrated in
Table Z2.76. In relation to the acid detergent fibre

component, the two stained dicts bear little resemblence to
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it is the writers' opinion that these two stained diets
traversed the gut in a similar manner and rclatvively
independent of diebtary influence.

, 1f one assumes that the data are correct and
that they are a truc reflection of the mean retention times of
the wwo diets, then the fact that they were cimilar does notv
discount the pessibility that gut £ill factors were &

possible cause for the difference between the calves' intakes

of the ©two diets. Thie is because, although the residues
of the two diets spent an equally long time in the gut,

pasture, beinz less dense (kg Di/litre) than concentrates

gee Plate 3.2.). would have occupied a greabter volume

per unit DI inteke within the gut for that period of time.

controlling tino




because pasture is less dense than concentrates, the calves

would have reached the limits imposed on intake by the gun

1 o

£fill factors at a lower DIl intake of pasturce than of

concentrates.

.

e Over from Concentrate

<
[
u}
&f}
G
(D

A decrease in the live-weight gain was observed when

[

the calves were changed from a predominantly concentrate

diet to pasture alone. Unfortunately this part of Tthe
trial was confounded by a fall in the quality of the pasturc

supply, @s has already been discussed in section 3.4.4.

1

The resullis however, are in geaeral agreement with Xhouri
(1%69), flade (1972)and Gleeson (1972) who alsc observed =z
drop in performance when calves, at a-comparable age to those

of the present study, were changed from a diet of concentrate

The comparison of the voluntary intake of pasture
cf the two groups of calves during week 12, indicated that
we of pasture was nnaffected by the post-weaning

treatments, provided allowance was nade for live-weight

differences (Pavle %.13). That is, there were significant

[0}

differences in iunvake betwecen the groups, bubt these were

consistont with the differences in live-welght. This
result is in with the resulis of Longsdale and
Taylor (1959), Gleeson (1972) and Reardon and Everitt (1972

and perhzps points to the fact that compensatory growith

likely on bulky foods such as pasture, where the gastro-
o & % O

intestinal tract limits inteke (Hodgson, 1968)..
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4ol EFFECT OF REARING LETHODS ON SUBSEQUERT GROVWIH

when-

jor

AL no stage during the post~experimental period

<t
D
O
(9]
{_!
ey

the calves of both groups were trea imilarly and were
grazing pasture,were there significant differences between

of the two groups of calves (Table 3.714.).

This is illustrated in Fig. 3.9. where the growbth curves of

the two groups of calves over this period were parallel,

[kl
resulting in the difference establishcd in live-weight, when

4

the calves were twelve weeks old, persisting Throughout The
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pericd of measurement. This r

Vorgen (1972) end Reardon and Iveritt (1972) and adds furthe:

an coarly age will not comvensate by growing faster during
the subseguent period.

rresent study is in contra diction to the resul
of Davey (1962) whose calves compensated to some degize for
& resvriction in growth rate within this twelve week pericd.
Hoviever, closer perusal of Davey's results showed that the

appacent cowpensatlon came notv from an increase in growih

by

rate of the calves fed a lower level cof millk, but from the
check in growth rate caused by weoning, being more

N

the

]

celves receiving
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¢

o
=
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ot

=
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pronounc vigher level of

U

mill, This may have been brought aboult by the lower-fed

calves being rore adapted to their post-weaning diet; namely

to increace their intake of pasture in response to weaning

-

than the higher-fed calves which would have taken in legs



pasture prior to weaning.

It is unlikely that young calves receiving pasturs
can truely compensate for a period of uvnder-nutritiocn early
in life (assuming ell calves, irrespective of rearing method,
are equally adapted to the pasture diet). This is

because Hodgson (1968) has demonstrated that over the period

of age of three to six months, the voluntary intake of
by calves is controlled mainly by gut fill factors.

This means that over this period The inltaske of the cai

o

Thus the lighter calves {(representing the under-f

B

will not be able to exhibilt enhenced eabing relative

pastu

i owill

e broadly related to the calf's live weight (Bines, 1970).
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those calves which are better fed inituially.. As enhanced

)

ing following a period of under-nutrition is the nma

{
-
=

D 8 =
mechanism of compensatory growth (Alliden, 1970), obvio
the lighter calves will not be able to increase vheir

rates relsative to the heavier ones.
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Regression of energy content of oven—dried faeces (V)

on exnergy content of

-, h y " o
& + se D o+ se T2 b Y+ g
X = =

0.048
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“
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foad
ol
gt
T
O
—
S

+ 0.089 0.859  Ho:p=0 4.83040.041

Ainalysis demonstrated that the difference belween the
oven~dried anc rfreeze-dried faecal samples energy content.,was

within the ao
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of a faecsl samplc
ermined by these two metnods, was due msinly to
inadeguate drying by the freeze-drving method and not to a

loss nf energy-ryielding material with the oven—drying mevhod.

In conclusion, no ovias was introduced into the

energy determinations, while calculating the DI content with

the results of the oven—dried sanples.




APPENDIZ IT

3

Meteorslogical data

Mgy June July August
Ground frost (days) 1972 5 19 11 16
30 year average 7.9 11.8 14.8 125

Rainfall (mm) 1972 110.9 38.4 1074 T

30 year average 88.9 86.5 87163 88.9

Y
Temperature (0C) 1972 0.4 6.7 8.9 0
O .
3C vear averuge 11.0 8.0 8.0 C.0

o

The month of June had above normal ground frosts and

-

helow norrsl rainfall: a combinsticn which led to a reduction
in the growth yete of paddeck 30 below expectaition, over the

1 J e

pericd of the %trizl, necessitating the need to use other




The use of one-day lsg versus

LI

of

calculating apparent digestible

the two diets fed during pericc

Une-day la

e

-

Two-day lag

o
&

Diet fed to

Group C

Group P

DE(%L) + se T417+0.75
CV(%) 4.52

73.6640.76

s
45T




AYPENDIZ IV

The effect of the age of the calf on

the epparent digestible energy of the

two diets fed during period AZ

Analysis of variance-

Source def. S, M3 e Prob.of ¥
Periods(Aige) 3 2016 6.72 0.606 U
Diets 1 14 A7 14.47 1305 o

P x D 3 30.85 10.26 0.927 NS
Error 32 354.86 11.08

Total

39 420,34 1073




APFPENDIZ V

(a) (alf and age effects on the apparent digestible
energy of pasture fed during perind A2

Inslysis of variance

Source defo SeSe MeSe .o Prob.of ¥
Pericds(ige) 3 44,61 14.87 1.767 NS

Calf 4 39.37 Q.84 1.169 ¥

iz

Brror 12 101.00 8.42

Total 19 184.98 9.73

(o) Calf and age effects on the apparent digestible

energy of concentrate diet fed during period A2

I3 PRSI S (> H ~
Analysis of varisnce

SOUX’C@ d@ff/ S&So- kﬁogo« F@: }?Z‘Ob@ Qi?

Periodg(Age) 3 639 2.13 0.600 NS
2

Calf 4 17188 12 .97 12.067 s
Error 12 42.62 355
Total 19 220.89 11602




APPENDIX VI

Group mean dally DM intakes, averaged over weekly periods, of the

s

calves duriig pericd A

. . - .. 3 . Teew
Mean deilyv DM intakes Age Pericd (weeks)

i
5 & 7

(ad
s
o
e
-
-
B
Py
o %

(kg) of calves in 2
<3

Group C

@
2

[®)
g
\'\

0.246 0,432 0.807 1.134 1.424 1.

[6)
ST
|9
o
?

ﬂ
ES
RN
Ed

o
N

1.707 2.

Groun P 0,080 (C.244 0.445% 0Q.688 0.930 1.7113 1.333 1.388 1.454 1.543 1.
se of differencel ) 0.02% Q.044 0.04% 0.077 Q.110 0.084 0C.114 0.090 0.132 0.127 0Q.124
R e
prob. of % {P%) Jogs! % % o s s

Y12




AYPENDIX VIL

Group mean daily DM intele/kgh averaged over

weekly periods, of calves during period A

Age pericd (weeks)

2 3 4 > 6 7 8 9

10

12

43,62 58.23 69.20 75.84 T4.TT

[#p]
4
o
o
e’
(@
LR
<&
N
s
i =N
2
(5o
o
Ny
s>
?
co
w O

o
bt
e}
&
(¢}
2o}

o
2

()
o
—

e
9
N

b)

o

o

£

L

38.96 50.90 59.15 68.37 68.76

69.74

70.37

[G)
LD
-~
L%}

-
Lad
2

I
O

4
]

8247

82450

se of difference () 1.63 2.50 277 4, 47 5,36 4,68 5.03 3.78
Probability tqo (Ph) Vo significant resultes in this table

A\
b4
Ly

4o 8?
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