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FouTteen Friesj_an bull cslves, born May 1972, were 

ust=:d in &;.J. ex-perj_men-t to stud~r tb.e use of pasture com.paret-3. 

with concentrates as an early weanin~ food for calves. 

Early-weaning was defined as the weaning of calves off a 

liquij di8t to a solid diet by the time tbey we~e fiva weeks 

of G.ge. T~3 calves were housed indoors in ruetabclism crates, 

with the 

tbem. fres!J.~ The composition of the concentrate diet was 

65% rolled barley, 

and the bala~c8 minerals apd vitanins. 

Tho concentrate diet ~~s fed as a meal ~nd to hel' a~sure the 

health of the calv~s receiving it, 10% finely chopped riay 

was addedo 

~~~J.e calves v;ere rc-. .0.doml;y alloca i.;e.l to t:C.e:: tw·' gronps 

(seven c&~ves in each) on arrival, when t~ey were about four 

days old. During the pre-weaning period ell calv~s ~er2 

managed similarly and fed in accordance with earlv-wearj_ng 

pract1~e, i.e. restricted level ol miJk i;o indu~e a r2~id 

development of the intake of solid food. In. orae:r to 

guars:t1tee tL.e ingesticn of past:ure; th.:::; level of conce...-.tre:J.tes 

fed was restr~cted. The calves were weaned o~f milk by five 

weeki:> of ':ige, 

I1! the post-wea::1ing pe1 i.ou, from .f:'i vr;:; throv.e;i:l to ei.gb.-t 

weel<:s of age~ one [';roup of calves received p<.lstu:ee .?..2- .; ib~ 

and the ctner co'::c~nt:eate acl 1ibi_!;_l.§ plus a restricted level of 

pa:.:;·t;ure ( 500g 1:vet matter/day - aceount;ing for ,g to '1 O% of 

total Dr,, ;n+ake"1 • • , 1;.t .. • 3_ ~, -~ / e 



The mean live-weight gains of the pasture-fed calves 

and the concentrate- fed co.lves were raspec;t;ively, 

Oo/+2 + C.03 and 0,,40 - + 0.03 1rr-/c'ay pre~weaning and -· •\..Ol ~L~ 

0.32 + - 0.01 and 0.58 + 0.06 b:-/day 
0 ' 

post-·weaning. 

It was concluded that p&sture mas inferior to 

concentrates in promot~ng live-w~ight gain in early-weaned 

calves. This occurred despite pasture and Ct1ncenta.'atez 

having similar DE coe.fficients; namr.-.:ly 75.16 and 74.25% 

respectivelyo The major difference was that of intake, with 

the calves recei vi:ng pasture having a signif:.ce:mtly lower 

DE :Lnt;3ke over the post- weaning period comparod \Vi th the 

calves ~eceiving concentrates. The diff8rence jn intake 

was prol;ably associated VIi "!;h pasture l.taving 0. lower bulk 

density than concentrates. 

fill and oropharyng8al, whereby this would have caused a 

differepce in intoke are discussed. ~lso discussed is tbe 

a_bsolute growth rates vf the ca~' ves rscei ving pastt.re irJ. the 

context of the possiblf; use of JJB.sture as an early~weo.ning 

food for dai~y replacement stock. 

Between eight and ten weeks the calves rocAivlng the 

concentrate diet were changed to pas~ure alone. 

caused & decrease iil the performance cf t~ese calves. 

Ho·.,,ever ~ these resu~.t;s v-.rere confounder:: by a decrease in the 

quali t;y of the pasturE: over this period_ 

Between ten and twelve weeks all calves were 

Tne rearing methods 

were ;:_;hown to have no effect on the cslves t intake of pasture 

during the twal~th week, provided allowance was made for the 

difference in live weight which existed between the two 

groups. 



The calves were put out to pasture when twelve weeks 

old and theii' post~ex:perimentel grov:th rates recordedn 'l'!1is 

period waf~ terminated when the avc-.::-age age of the calves was 

The results demonstroted that the mean growth 

rates of both groups during this period were very similar. 

Thjs resulted in the live-weight difference established 

between the two groups when they were twelve weeks old being 

permanentc 
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INTROTIUCTIOJ:-T 

It was demonstrated as far back as the 1920's (Meads, 

Regan and Bartlett, 1924) that; cabres could be raised 

successfully when weaned off a lic1uid food diet onto a solid 

food diet as early as 30 to 40 daye o~ age. Des:pj_te this, 

traditional beliefs that the calf requires a liquid fooc diet 

for at least the first three months of life persisted. 

Hovrever, ir)_ th2 United Kingdom. during t! e 1 95 0 : s be-; ce:tJ.se of 

increasing economic pressures and a shortage of labour, there 

was an ~psurge of interest in ea~ly-weaning as a means OI 

rea::·il~.g ca.L ve s e Early-weaning is defined as th8 weaning of 

calves from a liquid to a solid food dibt by the time they 

are 35 ~ays of age. This led to t:Le formulation of the 

11 R.owett Early-'flEh3..ning System" e_s proposed by J?re;::-ton ( 1957) 

and·later ·through modification of this earlier concept, ~o an 

early-weaning system appllcable to New Zealan1 conditions 8S 

proposed b;y r::houri ( i 969) o 

These ea~cly- weanil:.g s;yste::..1s lJ.aVc been based or .. the 

use of concentrate diets as the solid food ontn whi~h the 

calves are weaned. Eowe:ver, lie cause these foGdstuf:fs are 

expensive relative to pasture (especiall~ ln New Zealand) and 

also becausE': they are :Ln high demand fnJ:- t.'le Flg and Poul t1·y 

Industries, there is pressure to i~troduce calves to ~heir 

'naturale fooU.stuff, pastub:; ~ at an i•1creasingly earlier age •. 

lt iE~ therefore the purpose of this present study to 

investi t.:; the potential of pasture as an early-we<::uling food 

for ca1ves •. 
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CHAPTER ONE 

REVIEW OF LI~CERATURE 

The literature is reviewed j_n -l;hree sections: 

( . ) 
l, Control of volu.ntary intake in young ruminar~:ts, 

shortly after ~aaning 

( 
.! ..; \ 
.l..J..j Factors influencing the development of solld food 

intake in ~~ oung ruminants 

(iii) Pas tare as ari early-weaning food for salves .. 



COWCROL 01" VOI1UNTAHY INTAKE IN YOUNG Rl.nliNANS:S SHORTTJY 

AFTER WEAlHIIJ"G 

~·he mechanisms whereby the intake of food by ruminants 

is regulat2d are highly complex. There are two important 

concepts relating to the voluntary intake ~n ruminants .. 

The relationship between these twc concepts has been 

swnmarj.zeci i.n a model proposed by I\IonJrgomery and Baumgardt 

(1965a)- see Fig. 1.1. 

4>. 
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ENERGY 
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F! GU R E 1 .1. ~'robab!e 1 elationships ktvveen energy anc! food intake and controlling 
mechanisms. From Montgomery and Baumgardt (1965a) 



The first concept involves the extent by which the 

alimentary tract can accam.rnodate food residues e,.nd is 

represeEted in Fig. 1 .1, by the port.ion ~n1der the diste:nti on 

side., rrl!.e control of the voluntary intake in ruminants by 

this means is termed physical control and has been reviewed 

by Balch a~d Campling (1962), Campling (1970) and Conrad (1966). 

The second concept involve:.:: t:V~e extent by which 

abscn·becl nutrients control intake and is represented in Figc t., 1., 

by the portion under the chemostatic, thermostatic side<> 

The control of voluntary intake in ruminants by th~s means is 

t0rmed rne caboli~; control anrJ. has be ex: reviewed by Baile a:r.d 

and Baumga~dt (1970)o 

Thus in a sj.:nl)lified summary, animals receiving a diet 

of higt rru. tri ti ve value are able to consume enough DM ~;o 

sa t;isfy their physiol.ogical demand::> f.')r energy t where8 s with 

the low m.J.tri ti ve value foods~ r·J.men load preventH animals 

from consuming the amount of energy that is physiologically 

demanded. Such a relationship between i~take and nutrit~ve 

value of food has also been suggested fCJr young rumins..nts 

during ~he post-weaning period (Ow~n 1 Da~ies and RldgeE~nr 196~; 

Andrews t Kay and. ,0rs1wv, 1969 ;· Andrews and ,0rskov, :970; Kay, 

IvJ.acleod and l';lcLaren" 1970; Kay, l'rTaci.e od and A:ud.rews ~ 1972,; 

Kang and Lei bhloz ~ 197 3) ... 

It is the function of this review, not to attempt to 

~produce an exhaustive account •)f the control of voluntary 

intake in young ruminants ~fter weaning, but to highlight recent 

findings '.vhich question •Nhether the mechanisms that have 

prorc.inence in signaJ.ling satiety in adult ru.ruinants, have the 

same prominence in young ruminants. These findings throw 

doubt on the validity of the con~lu.sions drawn by the wor~e~s 



men oned above, that the intake by young ruminants recei 

a diet of high DE concentration is contr0lled by the 

physiologj_cal dernand of the aniraal c 

For convenience the discussion is divided into two 

sections:· 

( . \ 
'J. I Di.:ets ~ the intake of which i.s possibly controlled 

by phys:Lcr;.l means 

(ii) Diets, the intake of which is possibly controlled 

by metabolic means 

It mv~st be remem·bere c1 that this di;rision is arlJi tary an.d t}w t 

the CPntrol of the voluntary intake by physical and metaoolic 

means a:r-e not independe:n-t;, e .. gp Egar-... (1970) statedn-;;}lat a 

complPX or interacting physit;aJ.. and metabolic factors may be 

involved throughout the who1·3 range of dj_ets '\.:ttiltzed by 

ruminan~s, and that tbsre is not simply a switch-over to 

metabolic regulation at a point where disposal of indigestible 

bulk is no longer an emb~rrassment or a limitation to tota~ 

digestible energy intEJ.ke ~ '' 

the Intake of ·which 

by Physical J\1,?.!~ 

The gut is still develop::.ng :i.n ruEinants that are 

weaned onto solid food by five weeks of age (see review by 

Warner and Flatt, 1965). The major cha~ge is a rapid in~rease 

in the size of the ret~culo-r~~en relative to smpty body weight. 

This occurs in lambs o_nd calves when they are bet\'ieen two and 

eight w~2ks of age, provided solid food is avai 

variation in the development of the reticula--rumen has been 

suggested as an e~planati8n (Andrews ~tal., 1969) for the 

greater ability of the young rur;:inant with increasillg age -~o 
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eq11alize inteJces of ci:Lgestible energy from d.~ets differ in 

E;nergy conce tration, as has been shown by Owen et ~.· r ( 1969b) 

with lambs and McCullough (1~69) working with calves. 

In these experiments the energy concentration of the diets was 

altered by varying the ratio of the concentrate to hay 

component;> a.r.td it was noted that the effect of age ·v,-as ruore 

pronounced when the roughage was left unground, than when it 

was ground. This suggests that the young rumj_na:ot shortly 

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

the roughage component compared with an older and thus larger 

CU1U!:a.l. 

The suggestion that the incroase in the size of the 

r'\Amen mEtY be of importance, is logical ilc view uf the 

prom:Lnent role played by ru.msn C.istention aQ e satiety signal 

:Ln contro11irLg the :L11take of older ruminants rece:~ivi:r-Lg a 

H t - . l . . t ' . ~ OVveYer :' he eVlC ence lS ClrCUID.D c_nl/lRJ. ~ with 

the difriculty in trying to interpret the role of the 

dE:7e::.oprnent of ruru.:?n ::oize in contr:;llin~ the develo1)ment of the 

intake of solir1 food .! n young r')Jninar:rtE=J being that the Flttern 

of the development of these two factors are similar (e.g. 

Hodgson, 1965; Warner and Flatt, 1965)~ Therefora, although 

Hodgso:::1. ( 1971 c) vms a 1)le to demonstra tc~ a significant 

relationshi.p betv;een DI\I intake an.d v.reight of' digesta in the 

rttrc:.en ovt::r this transitional phass of the ca1f 's life 

( tra!i.si tionc:tl. phase is the period vrhen the young rumiilallli is 

cb.angir~.g from a non-ruminant to a ruminant) t such a relationship 

does not clarify cause and effect. 

It was de~onstra d "~ ., \( ~ 9 6 5 ·· i, 9 ,., .. "1 "".-: ~-.. .;1 Iiongson 1 ; '-"" -t 

intial dev~lopment of the intake c~ solid food was related to 
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an j_ncrease in the time eatingF but later increases in 

the irrtake of sclid food were acheived by an increase in the 

rate of m,~ intake per unit of tim;::; s:r;ent eating with no 

further increase :i.n eatLog time e· These observ~tions 

confirm.ed the results of S•,vanson ancl Harris (1958) s who 'NOT.ked 

with Jersey alld Holstein calves. No other direct evidence 

wa.~: fo1.md i.n the i_iterati.J..re to support this :pattern of 

development, though the results of several experiments with 

grazing calves (Roy, Shillamand Palmer~ 1955; Chambers, 1959; 

Godfrey, 1961; and Ste~art, 1961) may be interpreted in the 

same way., 

Th:is led Hodgson to postulc~ts that in the young ru,;;1inant ,. 

the intitial dovelopment of the intake of solid food ~ay ~e 

limited prim~rily by behavioural factors (Hodgson,197ta) and 

tha-t; tllt.:: gut clevelopment was dependent on the intake of solid 

food and Pot the reverse (Hodgson,1971c). To test this 

po.::::tTlla te he ut=: liz·.::d a tech:n.ique :·irst clescri1Jed 'hy Campling 

and B£•1ch ('i96t)~in 'Nhich food_ or digesta are added to or 

removed from the rullien ~he design of the 

~n the ~remise that if 

the development of the i.:atake vf solid fovd was limited 

ini tir:.;,lly by ea tir.g bE:havj.our so the response ;_Ja voluntary food 

consumption to artificial changes in the q,uanti ty of d::i.gesta 

would. be expected to be low immediqtely after weaning and to 

lncrea,se to a level characteristic of the mature nuni:nants some 

v1eelcs la. ter ~ T~T3 results uemonstrated that the calves were 

unable to compensate fully for .:.nduced chantSes in the qv_,;:;,ntity 

of digesta in the rumen, in either a positive or negative 

sense i:,JEe dia tely after vre2.ning ,. however "v.ile re sporwes reached. 

adult level ~our to six weeks late~ (wcan~~g was at five WPeks 

<)f age). 
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From these results Hodgson concluded that the intake of solid 

f0'od shor-tly after weaning was limited primartly by 

oropharyngeal factors. FurtherBore the results suggested 

tha~ the development of the alimentary tract was dependent on 

the development of the intake of solid food and not the 

::t:··everse ~ 

These results of Hodgson (1971d) are by no means 

conclusive as there was a large variation associated with the 

response of intake to the induced changes in the quantity of 

digesta in ·the rumen~ Howeverr there is some indirect data 

that may lend support to this uropc The :previou..sl;{ 

l.LOted greater ability of the young rt!...t'llinRnt with increar:>ing 

:rron1 diet,;] 

differing in energy concentration. could equally be argued to 

reflect the prominence of the oropharyngeal based mechanisms 

:i.n cc,ntro::..ling the intake cf solj_d food in young rurrdnants _ 

As the y0l:c;1g rtu~ina:at becomes more adapted to a ::.1G~.id food 

(adaptat:Lon defined as the development of effici..elJ.t 

foT prehension, mastication ~nd swdllowinc of iood) 

better C:lble to co1;e wit.h ~"hose c:j_ets" .such as an unground 

h d . ' roug age J_En;, vJhich cau~3e the young ru.mina:nt to spend more 

tiiile tSating and r11minating }Jer Uili t Dill intake than does a 

ground roughage or a concentra1.e diet .. l~'urt~1er the :ce sponse 

to the addition of swRetening age~~s to the rations appears to 

·[)e greater in the ycung rmninant 1956; Atai and 

Harschbargsr, 196>; Gardne_r, 1967) than in older ruminants 

(X are, 1959; Balch Etnd Campling, 1962); a :result whj.ch v;ov_1d 

be expec·tecl if be}•J:lvioural factors are of greater importance 

in con:trol of' .food ir.l..take in young rur,l~_nant s , A.lso 

recent evide'JCe (}{ell away 9 Grant and C'oud::_~dgh~ 197 3b) has 



shown that exhaustion of the saliva 

impor·tant factor in influencing the L. 

ru..minants; a point which will be disc\~ 

_,_. 
se;;ulon. 

Therefcre although not conclv.s 

q_uestion the imrJortance of rumen size 

i!1 the developmeilt of t11e j_ntake of s 

weaning .. However it would appear that t 

oropharyngeal based nechanisms as factors 1 

in young ruminants are transient 1 as thei:c 

in maturG rum.inants has been discounted ( 

1962) and also as h8s been previously mentic 

obt::iined nadul tn responses to the in.duced c 

q_uEJnti ty of dizesta in the ru.men when the cc::. v 

twelve weeks of age. 

The results of Hodgson's work were ha 

ll!:::>e of dr.:ed g".!:'ass as the solid food. 

"l moderate to high q_uality (in vivo Dl'il digestibi 

f:.'Olll 51 ~2 to 72.,27~) the rc:su.lting live-·we.lght 

calves vvere i11 the order of only 0 .. 3.!:~/ day .. 

possible that ~ith concentrate diets of higher 

energy demands of the animal may be satisfled 

li:mi ts imposed by :rwr:.eE capac::i ·cy or orophary1:.s;e l 

The:> q_uestion of whet}~er this is ha.ppening wher: ccJ: 

Jiets are fed to ea~ly-weaned ru~inants is disckss 

next section., 
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_1_.,_1_,_2_.,. ___ D_l_· e_ts r _the Intake of which is uo~2i bly Controlled 

by I'iletabolic 

As was mentioned in section 1.1.1., various workers 

have shown that vihen diets of vary::.ng energy are fed .Jco you:ag 

ruminEmts, the relationship between intake s.,nd the nutritive 

value o:f the diet is similar to th2 relatiow::hi:p decribed by 

Montgomery and Baumgardt ( 1965::>.) for older ru.minants (see 

~- i g " 1 ~ 1 • ) ~ From the results 1 tbese workers concluded that 

the int~kc by young ruminants receiving a diet of high DE 

concentrat}_on was controlled by the ph~· siologi.cal dems.nd of 

ard:mal ~ However the validity of this conclPsion can be 

questioned on two points. 

(i) When an animal's intake is being cnntrolled by 

its deHiand for energy~ then theoretically that animal f3hould_ 

be performj_ng near its genetic potential. 

In the experiments (Kay e~., 1970, 1972; Kan; and 

Leibholz, 1973) where calves were weaned at five weeks of age 

and fed diets of vary:.ng energy concentrations, t.t.r; r~laxiLmm 

growth rate of ~he cal·.:es was i:r: the order of 0.8kg/dc.y .. 

Hcweve~, Friesian calves fed a ~iquid diet over the 

co:cre spending period of age had growth rates of 1 ~ .?.kt/ day 

(Royf1964) ~ell above those f8r the calves weaneQ early. 

This v;~.mld suggest tlJc;.t factot's other than t.t1e physioJ.ogical 

demand f~ox~ energy ViEts controlling the intal-re o-t .. ·t;~nese 

concentrate diets by the early-weaned calf. 

It is more difficult to establish whether or not the 

maximu:m growtrJ rates of lambs Wcc-:.>J.ecl early or.cto concentrate 

diets of varyinf; ener 

grovrth rate. 



This is because no data could be found in the literature 

giving the growth rates of lambs receiving a liquid di.et 

ad libitum over the corresponding period of age to those 

weaned early~ Hov1ever ~ for reference t}1-3 maximum grovvth 

rates of··the· lambs wec:med early corresp011ds to tb.e mex:imum 

growth rate gi v~n by Large ( 1965) for lam1;s reared naturally 

on their r·~others at pasture; namely 0 .,.J -- 0. 4 kg/ clay. 

Therefore unlike the work with calves thA work with lambs 

cannot be validly criticized on this point, 2.1 though thi.s 

doesn't necess~rily mean that crit~cism in this regard is not 

warr:::tn te 11 
• .,. 

(ii) In the experiments the result~:; C>f 

growt~ rate of the animals receiving a range of diets varying 

in energy (fibre) content was taken as canfi~mdtion that the 

animals were eating to maintain a prescribed energy intake. 

This is a d.ubious ba::;is Ol1 vvhich tc; dravv conclusions 7 

ee::_;ecially in view of the woTk of ,-lahn~ C:handler and Polan ( 1970) 

~nd Strozi r>.sky and Chandl--;r ( 1971 ) who conr::luded that vrhen 

rations of varying fibre levels are eval-v.atAd ou the bssis of 

live-weight gain only~ results can easily be misinten.)re·t;ed 

because of differences in amounts of digestive tract fill. 

They noted a positive linear relationship between fill and the 

level of the fibre in the r~tion. This c·uuld explah .. why in 

the vvork of Ovven -~t a1.,(1969b) that despite a. decrease in the 

digestible DM intake with increase in the fi-:::re level of tha 

ration, the live-weight gains of ~he lambs remained constant. 

~hese two cri ticj_sms do not uneq_uivocally disprove the 

existence of a ho~eostatic nechanism cper~t to tain a 

prescribed intake of energy by young ruminants, but they do 

raise doubts. In an attempt to substantiate these doubts an 
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al terna ti ve explana tton as t0 why this relationship be tv¥een 

nutritive value and i.ntake occurs in early-vreaned ru .. minants 

ts given below .. 

m' .dle levelling off,or even in one case (Kay 

the falling off of DE intake of the early-weaned ruminants 

with further increases in the DE concentration of the diet may 

have been related to a concomitant decrease in rume•.1 p~~ -v~d th 

these types of diets (cf. Bhattacharya and Warner, 1967). 

It is well known that when high diets are fed to 

ruminants the condition of lactic acidosis can resu.lt 

(Kellaway et a;h.~ 1S73b). Thts impa.irs rumen motilt ty 

can lead to bloat an.d is gene:cally associated vti t~1 anorexia 

(Scarisbrick, 1954). Also K..ay, ?ell and Boyne (1969) have 

shown that patholog1cal changes take place in the ruDen ~all 

when the t1H of the ramen con:t:en0s fal.l below 5. 6" These are 

characterised by les1ons of hyperkeratosis, papillary 

clU.IlliJing ~:tnd a thicke:n.ing of the e theli.ULl and 18-n:ina p:CCJ:>rH~-"' 

It is likely that this concH on of rurJeni tis is occc..:cing in 

e[-1r.ly-vrea::n.ed lambti and ca1ves fed a co1wentrate diet to 

a:>petlt•:;,as Ar:.drews et al.,(1969) and Kay (·1969) have shown 

under ~hese conditions the rumen ~H is below ~H 5.5. 

There is also recen~ evidence that the decre2se in rullien ~H 

does ~~t have to be gross to effect a decrease in jntake. 

BhattachaTya and '!farner ( 1967) working with steers E>howecl a 

significa~:t drop tn the intake of r1ay 'oy these ardmals when 

they decreased the rumen ~H by approximately one ~H unit from 

the .~ncrmal' rumen pH of 7. It is not clear how this small 

change in pH had its affect on intake or gvan if it was a 

direct one (see review Jones, 572) 

related f&ctors a~e monitored by ~he anim~l and in turn 



influence intake, may be of particular importance with regard 

to the control of diets of high DE concentration especially 

v1hen fRd to early-weaned rundnants (the :lleani.ng of this iB 

discussed below). 

One of the main r"3asons for the decrease in ru.men pH 
-

associate c! th diets of increasing energy concentration 

buffering potent:i.al of t~w salivary secretions, 

wh:i.ch is a -::;hief t';ou.rce of bufrers for the rumen, is 

decreased under these conditions. This decrease is q 

reflection of 2 lowering of both total salivary secretion, 

and buffering capacity of tte saliva brought ab0u~ by the 

anin1als rece:i.ving conct;ntrate diets having low t s of' 

J?ut0an and Davis~ 1955)" 

Itestorat:ion of rumen pH to more norrual levels c:,nd t1Yu.s 

increases in intake when diets of ~i~h DE concentration are 

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

the· diet ( eston 9 1963). Fibre has this effect in two ways; 

firstly,as a supply of basic cations (Matrone, RamAey and 

','/ise 1 1~~9) and secondly~ by :c5timulating salivar;r secretj_ons 

( Yle:Lss .· 1 '-l'; 3 cited by J?res'con 1963), vvhir;h are several ·';j_mes 

greater du.ring the process of eating and ruminating than when 

the animal is at rest (Stewart and Dokgherty, 1958; Bailey a~d 

T· l h 1 0hQI) J.:Ja c ? :; v n KeJlaway et • 1 (1973a) demons~rated that ..;;;._. __ ~:..-

the latter function of the roughage i~ this regard was the more 

important of the two ... 

'l:o overcome the of r~men disorder associated 

with the feeding of diets of high DE concentration, it is 

generally rec d to inclade in the diet approximately 1 

roughage (~arner and Flatt, 1965). However, recent findings 

by Kella\vay ~.!___al. 9 ( 197 3b) raj_se doubts as to whethe:r.· the 



inclusion of roughage alone is sufficient to restore the 

rumen pH in early-wea.ned ruminants to high enough levels ~:;o 

that their intakes are not restricted by a low rumen pH. 

Evidence fo:c this cane when they obtained a positive 

relationship between the DlVi intake of cor,centration and the 

levels of buffers inc1uded in this diet even when the calves 

were eatin.g up to 1 07~ of the Df1l intake as straw chaff. 

They concluded that this additive effect of roughage and 

buffers on food intake and calf growth rate suggested that the 

intake of roughage ~.vas insufficien·iJ to stimulate the 

production of sufficient saliva to prevent hyperac-Ldity and a 

reduction in the total in~ake of focd. This suppo::"ts an 

,:;arJier conclusion reached by ."~ay ( 1966) that tbe production 

rate of saliva in young ruminants is .;_;'luC'l1 lowe:" in rel::; t:Lon to 

gland s~ze than in aili1lt ruminants, and even when fully 

stimulated total production o:f sal~.va may ()e such that buffero 

are deficient in supply~ There was nc clinical symptoms of 

acido;:;is i.n the calves of Kellaway et ~l!s .. _(1973b) experi.mentr 

but as was pointed out by the worJc of Bhattachc.rya &.Cld "!farner 

( 1967) the changes in rumerl pH do not have to be gross to 

effect a decrease in the intake of fooQ. Further the growth 

rates of the calves receiving the most fe.vvu-rable diet i.e" 

straw+ highest buffered concentrate diet, (Kellaway et al., 

197 3b) were 1 .. C2kg/day over the pr~riod cf age :->f 6 to 12 wr::t:ks .. 

This is th~ highest growth rate for early-weaned calves ove~ 

this period recorded in the literature, and may indicate that 

once the deficiency of the buffering capacity of the early­

weaned ru..n1.Lnan-c 1.:::1 overcome~ it may be cap~ble of attaining 

growth rates near its genetic potential. 

In conclusJ_on it wou.ld appear that the levelling off 



of DE intake with an increase in the energy concentration 

tbediet may be explained in terms of a concomitant decrease 

in rum.en pH associated with these diets ... The inherently 

low buffering cape; city of the earl;y-\veaned ru .... -r:Jinant n1.ay 

explain 'illlY eveD. when some roughage is included in the diet 

-'che grovvth rates~ especially of thE~ r:alves, did not reach the 

potential for tha~ particular period of ageo 

The ove conr;lusion from section 1.1.1. and 1.1~2. 
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is that the intake of solid food by early-weaned ruminants may 

be controlled to a large extent by oropharyngeal based 

mechanisms and that young ruminants need time to beJc&e 

adapted to the solid food"" 
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SOLID JJ'C)OJJ 

In this section the effect of various factors ipe. 

birth we t sex of animal, milk feeding regime and 

characte sties of the solid food, en the development of the 

intake of ,:;olid food in young ruminantE will be disct.wsed" 

Bjrth 

thin any one breed there is a coDsi~erable 

v ,;_rj_a t: io;.; the weight of calves born and it has long been 

the belief of practical hu.sbandmen that the ovrtll of 1J ghter 

calves i~:3 no 1:; as good and their· mortality rate .~1igher 

This conten has :-2ecently 1;ee:n crj.t:Lcized 

by Kay (1969) who exarnined recor0.s of 150 Frie~Ji<Ul 1m.1J .. calvGsr 

birth weichts of which ranged betv1~~en 33 a.::1d tl8kg 1 and fou.nd 

no effect of birth weight oa the g~owth of these calves frox 

weaning to tOOkg live v1eight e· Assmning that compara b1G 

growth rates imrlies comparable intakes, sim~lar resvlts hcve 

also been reported by Lawrence an.d Pea.J..~ce ( 19G5) a;:::.d D::.rv i.t:;s 

~~ ~.d 0<''"'"' ( 196'7 \ o.l;. 1'1\:.J.L \ ) ~ Contradicting these results. ~eaver dUd 

Yarrow (1972) demonstrated a positive relationship between birth 

weig:ht and cor:centra te coni:11JJnptio:n by calves. 

experiment however, a constant milk allowance was fed over ~ 

range of ll ve weights~ resul t:Lng in the heav~.er calves beii.1g 

under-fed rel;:ttive to the 1 ighter ones; a >~j.ti).a tion vthj ch 

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

In fact tL-:; poorer performo.nce gen~rally noted ·,lith 

lighter ves may arise part from some of the general 

feeding rE!<~ommendations used; for ex2.11ple feeding a milk 
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allowance to calves based on a fixed percentage of the calf's 

live weight, under feeds the l ter calves relative to the 

heavier ones (Roy 1 Shillam, ins and Lang, 1958) .. 

In conclusion it is dou~tf~l whether within & breed 

birth weight of the calves any influence on their 

::>ubseq_u.ent performance r as long as allovv2.nce is made for j_n 

the feeding recommendation. ther this conclusion is 

applic2.ble n the difference birth weight is due to a 

breed effect has not been ade ely testedJ although resuJ..ts 

of Roy, Stobo, Gaston, Gandertcn and S~otton, (1971) would 

suggest that it is. 

Sex of Animal 

Comparisions between intact male an1 female lambs 

(Morgan and Owen, 197 3; Davies and Ovven, 1967) and calves 

C.Armstrong 9 1S66) suggest t.hat sex has nc effect in:!.tially on 

the development of the intake of s0lid food. Morgan and 

Owen (1973) further d8dOnstrated that only after lambs had 

reached 25kg l:i.ve we t (100 days of age) did a diffe~ence 

in fs.vc~lr of t.ne r:c::.le lambs 'oec0rJ.e :;vident e 

The effect of the mi feeding regime on the 

developmen l, of the int:c::ke of solid food i.n young ruminants is 

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

(ii) The age of the aniEal at WeRning 

The carry over effect of e-weanirrg trea~-

ment on the intake of solid food p03t-weaning. 
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The direct effect of the level of milk fe 

An inverse relationshi:p bet'Ncen t:te level of ndlk fed and the 

:i.ntake of ~;olid food in young rwninants has been demonstrated 

1962; Armstrong, 1966; Tayler, 1966; Hodgson, 1971e; Leaver 

and Yarrow, 1·972 for calves and Spedding, Brown and Larget 1963; 

Davies ant Owen, 1S67 for l~mbs). 

It ··.rae· -·l~'''"e'"'+Pd ·o·v p~·ec::toY\ ("!063\ -':'!.18·'c ·1-:1e l'"V·el of' m . .:~='·l~ fer< {'I ,.) ~::H.-e_.;::_:, ,) v ~ ~ 1. ,) J.J. .J j I" v.. "'- . ·•-- ;_ u. 

was the main factor influencing the early development of the 

intake of solid food in calves and Hodgson (1971e) has 

demonstr~ d that this was a reflection of the calves' attehlpt 

to eqQalize energy intake. 

An attempt has been l•:ac.e by Specldii::.g et_ al.!..( '1 S63) and 

Hodgson ( 1971 e) to quantify ~;he above mentionc:d in~rers::; 

rela tionsh:i.p ~-. These two g~oups of workers feeding respective 

lambs a solid food of fresh pastur2 and calves a solid food of 

dr~ed grass, regressed th2 intake ~f soJid food (Y, 

Orl t ·b e al 1 0"'r Y'1 c e o·P lllJ. J k' ·~ub ~ t-· tlJ tc (X ~·Drr./'1K.O'T ''[) . -~~ ~ vt a .t.L ..._ ~ .. _ -\.. .... ·> J v ..L _ :! , 0 ;.r.:. t."J...u ~, "'" 

The regression coefficiente which are an indicatio~ nf the 

ability of the calf or 1amb to s1.1bsti t"cltE:; solid fc~d for a 

given change in milk intake, were significant in both ~ases 

and vvere 8lso shown t.') inc:r_·ease <vi th age .. This latter point 

is particularly relevant with regard to at weani.ng ":J.nd 

this is discussed in section 1.2D3.2. This increase with 

age in the increment of the intake of solid food before 

\,f/eran· "inr:r, .,.)~,,~ nni + do roll' ll"' .; ~ 
- - -1- c;; 1 t: .L. .... __ -. -. v '"·' >J - c: ~) L the allowance Jf milk may be due 

in part to ·~he cumulative 0 ect of low levels of milk J:ceding 

on the i n 1 ' d f' - r ~ .• t. . d "' t L . .... A ~ 61 \ 01 so l. ~oon \hla 11leU an i·ega .- lt.re 7 1:1 ;. 

However, oecause the increase of the regression coefficient 

with age 1 n. the work of Spedding ~~:....2.!· ( 1963) was obtained e'\(e~ 



when_ lambs "vvere swi -'c-ched betv1e en different level:::; of milk 

feeding at frequent intervals, led Hodgson (1971e) to propose 

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

probably related to the animal becoming increasingly ad~pted 

to a diet of soljd food (see section 1.1.). It may also be 

that as a young ruminant ages it has a greater propensity to 

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

that the very young cs.lf prefers milk to any solid diet. 

Obviously the value of the regression coe icient is going to 

alter with the type of solid diet, as JGhe young ruminant 

becomes more easily adapted to some diets 

than to otht->rs (long :roughaga) cf .. HodgBon (1971a),. 

This increase with age of the regrussion coeff~cients 

would sttg;es·r. that an 9.dvantage in performance would be d 

if a givtn quantity of milk was distributed such that la~bs and 

calves re('eived a higher level vrhen they were younger and thus 

had a lower' sub:-::>ti t1J.tion rate of snlid food for mi1.::C. 

However, the limited work with lsmbs and calves (Preston, 1956; 

Qucyle, 1958; Clark and ~,7hitbng; 1961; Owen et 9.1., 1969a) 

would not support this sugzestion as t~ese woi~ers showed that 

the pattern of the distributioh of a give1~ quantity of milk 

over a fixed time period had little effect on the performance 

of the lambs and calves. 

In conclusion it appeaTs that the perfor:r:ance of 

milk-fed rumi~ants is insensitive to the distribution of m~lk 

feeding, but is s8nsit to the level of milk fed. 

However, the level of milk feed~ng in the pre-weaning period 

has a renidual effect in the post-weaning perj.od and so to ~-::eep 

a perspective, the level of feed 

interpreted in respect of its effe~ts ~ost-weaning. This is 

discussed jn section 1.2.3.3. 
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check in the live-weight gains at weaning is related to the 

age of the animal ~1as been deHwnstrated in calves by Corrver~H~ 

(1949), Hodgson (1965) and Stobo 1 Roy and Gaston (1967a) and in 

lambs by Brown (1~64) and ¢rskov, Fraser and Gill (1973). 

The vvork of Hodgson (1965) and Stobo et al.(1967a) showed that 

thL:; wss the resul-t. of a slower rate of increase in the ild:A.ke 

of solid food post-weaning with the younger animals, reflec 

the lower extent of the substitution of soli& food for milk at 

this younger age. Part of this effect may be due to age 

although age at weani is often a reflection o~ H 

number of ot~1er varia1les ·vvhi ch mqy o:r may not be relo:L;ed to 

the development of the intake of solJd food post-weani~g. 

L2. The over e~fect of the 

treatment en the iiltake of solid ~ood 

frequently been emphasized that if calves are to be weaned at 

an early a~e they should be enco~raged to eat as much soli~ 

However, there is ~ome con;usion in thG litera~ure in regard 

to the qu8.nti hi tive importance of the iHtaKe of solid food 

pre-weaning as it ~ffects the 1ntake of sol1Q food pos 

weaningv The conftwion can h<-; reconciled tc some extent oy 

~onsidering the relatjonship betwesn the intake of solid food 

before and after weaaing in two catergories: 

(i) 'Nhen . . 
~ompar1sons are maoe between individual 

animals reared on the same treatment -~ thi:::; is w:nere the 

confusion hrises a3 workers have produced contradictory results. 

Quayle ( 1 S::5 (3) ct ted by Hodgson ("1965) ed t:nat the 

rela tionsbip •Jetween the ir1.take of sol::.d f -:'od by calves be:···):ce 



after weaning was not close. This result was supported 

by Davies and vvhen a group of lambs in 

the t received a res cted supply of milk. 

However, when a further group o~ l~mbs in this same experiment 

were fed an ~_libitum supply of m:Llk a close relatioYH3hip 

be en the intake of s id food before and after weaning 

re tedO) contradiction is not simply related to the 

amount of mj_ fed as TJawrence and Pearce ( 1965) vrhen feed 

calves a restricted on obtair.1.ed a highly si.gnific 

re ionship between t~e intake of con~entrates before and 

a·rter~ vve ts dsscribinc the relationship 

bet~een the intake of solid foo~ before and after weaning are 

i.ncons:ist vvhen com.pa.rJ.sons :'ire >:lade betvreen i.ndivid~~sJ_ 

(ii) When comparisons are made between difforant 

groups of animals receiving differ8ut levels of milk and 

weanBd ~t the same age - t~e confusion that was p~es8nt in the 

pre~: iou.s t:;ection does not arise hc:>:'e ~ as worke::-s (.Hussian, 1963 

ci d by rio o~, 1971; Davies and Owen, 1967; Hodgson, 19?1) 

have consiste~1~ly shown that with ~roups of animals receiving 

different crLJ.anti ties of milk and weaned at the same age, the 

resulting differencb established in the intal8 of solid food 

before_, weaning tendeD. to pen:dst for some time post·-wee:1.nir:.g. 

~Che reasol ... s why this difference j_:n the intake of so.U.d food 

should persj_st are not clearr. as al thmlgh one Jhay expect part 

ot the reason. to be d1.1e to a greater 'levelopment of the ruJ;wn 

in cables eating 1.J.Ore solid foc3.~ Hodgson ( ·i971cd) 

dernonstrated that run:.en developme[lt 7tas dependent on the 

intake of solid fcod and not t~e reverse. 
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more solid food before weanL1g are better adapted to it aw.I so 

can increase the intake of solid food after weaning at a 

more rapid. rateD I t - . , p ., ( 1 C'"{1 ) n hls regara rtoagso~ J a 

demoEstrated that whereas af·:.;er weaning th1? intake by calves 

of dried grass fed in the loose long forn1 was dependent to a 

significant extent on the calves pre-·aeaning experience o·f it, 

tlds vras r .. ot the case vvhen the same dried grass was fed il1 the 

ground pelleted form. 

Regardless of why this phenomenon ocr;urs, the general 

relationship be en the intake of solid food before and after 

v\'eaniDg bas importe,nt practical significance,. In order to 

obta a high intake of solid food ter we 

forego performance pre-we~:l.Jlii~g be c::u.we of the necessity of 

restrict milk to encourage the iL of so:-;._id food. 

I1Iore wo:c.!r is neAded in this c:,rea to determine tho a:ppro:priate 

balance between these two opposing factors~ as the limited work 

to date has produced contradictory results. This is 

illustrah,d by the work of Aitken~ Preston~ ·;thi telaw 

J'.iacDearmid and Cl1arleson ( -, :J63) r.nd Owen e·t _ _£:.1:_. ( 1969a) vino 

showed that any P..dvantage gained in live ·wej_ght pre--w·2aning 

with the h:Lgher mj.lk-~feli groups, was J.o~3t; in the suhsequent 

post·~weani.r1g period; h resv.lt which was co:u.tJ:'·adicted by 

Hodgson ( 1 ~)7 1 e) and lVlorgan and Owen ( 197? ~ ~ 97 3) who s!1.r:viecl 

that the advantage gained in the pre-weaning period with thE:: 

higher levels of milk fed persisted despite a lower level of 

intake of solid food wj_ th t"he se animals :pos aning., 



Factors of Solid :l!1ooc1 ---------------------

To exploit a calf and rearing syste121 ch 

uses a low level of milk feeding as does tiat developed by 

it is n~0essary to use a 

solid food which promo s a rapid increase in intake under the 

lk feeding regirJe" 

As the young r1.-un:Lnant has a smaller rumen canacity and/ 
~ - ' 

or tations in its eattng behaviourt the rliet must be of 

h:Lgh nsi ClYtCi l1ig}1 concer.:. 

, ~. :Ln the form of a m.eal o:r· llets depends on the 

quality of the diet in question. Owen et .(1969W and 

d ~bha t s and calves wer8 better 

able to compens,..1te for energy di io~:1 of the diet 

roughage (oat hllsks and chopiJed s respectively) when the 

diet v;a;::.~ lleted, The advantag~s of pellets as opposed to 

mecl is less apparent a~ low levels of roughage inclusiOllD 

Lassiter (1955) foun.d that calves t.aving free access to both 

pellets and meal, selected pelle~s in preference to lliclal, b~t 

vvhen ec:J.ch was f:>ingly and separately feci there wa;:;: no 

signi cant difference in intake. This latter ~esult was 

'J~he other major li~ni ta tion of younf ruminant:J tt-.at he.,s 

to be allowed for, is the immature buffering system. Thj_,j 

can be overcome. to a certain extent by addin2, buffers to 1..;})(; 

food:: eve~ for the long term benefit o!.:' the young 

some rov.ghage is needed, :::s ·.'!il::wn ( ·i 963) concluded that the 

parotids grew ~atured in responae to m:chanical stimuli 

provided oy food .. In th:i.s l'e ect ground. 

little use and to be effective roughaE,e must be in the long 



form; a situation ·uhich is in osition to the firs·t 

limitation mentioned .. However. the level of roughage 

inclusion can be reduced if care is taken in the n1ethod of 

processine the grain componeat of the concentrate ration. 

Furt:herm.ore, Kay (1969) cited experiment2 !:.lt Rowe vrhich 

clearly showed that when care was taken during the processing 

of the diet to retain the hQsk on the cereal grains, calveo 

did not suffer from bloat and they converted their food into 

body-mass more efficiently than did calves 0ffered the sane 

Moreover it was dellionstrated that 

whol'2 peJ.leted cereals vrere superior to ground pelletecl cer·e 

as a food for early-weaned calves 

It was mentioned in section 1.1. that beceuse of the 

postulateCl pr·or.o.ill8llce 01~ oro~hctr~ngeal f.:-1cto·~s i11 co.ntr')l~Li.11g 

the intake~ of so]_id food in. 3·ov.ng rmninan.ts shortly 0tfter 

vreaningf palatabi1i ty of the solid food is importanto 

Tbi.s agrees vvith the co!nrn.cnt of Preston (1963) that the 

palatability of the solid food diet was of major importance 

the development of it·s intake by t!.:e calf., A.l.so the fact 

that calves are very selective grazers (Hodgson, 1Y.S8) would 

indicate that palatability h>1s an j_nflucncc~ on i11. teJ-:e., 

However, p~latability is difficult to define exactJy, since 

. t -'-' t- . "' . ~. -te~._ m 1
l_ 11.··'l'cr·l.r--ter!." -~- c,· '- r, •. c~.--v·.,";:; 1s a concep ra~ner nan a ~clencltlc v ·- -~ •• J~~. ~ ~~ 

by Greenhalgh and Reid, 1971) and there is confusion as to 

whether it is important i~ influencing intake in adult 

ruminants~ Balch and Campling (1962) clbim that it is 

unimport~tnt in .influenci::.:.g the level of intake of a diet fed 

singly (a contenticn recently challenged b~ Baile and Mayer, 

19 e but did consider it import -1.­
'-' 

in the int.ttiation of eating. < ~ - ----- ··---- ,-.-- - -- --- --



This tter po t is particularly relevant in the context of 

inducing young ruminants to eat solid food. However, 

because of the problem in definillg J::,alatabili ty, it is 

difficult to know what factors are important in causjng a 

palatability re onse. The one normally chosen is taste. 

In this respect e. num.be1~ of workers (Pl"'eston~ 1956; Atai and 

IIarschbargerr 1965; r, 1967) have demonstrateG positjve 

responses in intake sweete ng agents were included 

in the diets, indicating rhaps a palatability response. 

Text0.re is ana paletab ity factor and Eay and 

])rake (1959) c d t coarse textured concentrates are 

iine textured 'JlJ.e;:; ~ Howeve1·t ture 

this context is probably c ou.nde c; 

mxcablc rumen conditions by coarse textured diet. 

Palatability does not appear to be important in influencing 

the choice of cereal for a concentrate ration, as Kay (1969) 

cited unpt:1)1ished work of Kay end cleod showing t~2t ei 

wheats b~rley or maize could be used interchangeably in the 

ration wi-cllOut affec inta~e or dll:::tion. :'his sup __ orts 

a concl~;.sion of Caffrc:r arLd 1\lcAlee sc:: ( -1965) that the differer.c 2: 

:.i.n palc:ttabili ty be tvveen cereals for calves are usually 

confounded by the pYeparation of the cereals~ 

In conclusion, type of food that is most suttahle 

for -vveaniDg calves and la:1lbs on to, is one which is "palatable!!~ 

has a high energy density and pro:n~tes and overcoiJles the 

in~aturity of the buffer capacity in the rumen of the young 

ruminant., 



J?A.STURE AS AN EARLY~\TEJUHHG J''OOD .B1 0R s 

This will be discussed in two sections: 

(i) a deductive appraisal of pasture as an early-

weaning food for calves will be made with inferences being 

deduced from information given in section. 1 .,.1 <· 

(ii) vvork,. where pasture has been the major or s e 

food fed to young rmni_nants vvill be cited to give a 

quantitative apprai::ml of :pasture as an early-weaning food :for 

calves. 

Food fo1· Calves 

The type of pasture whichi:normally made available: 

to the young calf is characterised as being short; and leafy .. 

Such a :pa0ture 1 although having a metabolizability in t:he 

range of 2.7 - 3.0 Meal ME/kg DM, when fed fresh has an 

energy density of ap:!_:,.L··oxi.n1.a tely 0 r <L 1 Meal J\lE/kg wet matter 

(WI\~) 1 as the average Did content :.>:f this type of pastUi'e is ·£55£,. 

r~rtne~ this past~re would have a ~rude prate 

crude fi-bre conten ... ..; wou.ld be of the order 

of 21% (Corbott~ 1969). 

Calves from es young as three weeks of age have the 

ability tc digest pasture with an efficiency comparable to 

mature animals ( ]'.·]c f\J'th1'Y• .""1- J:~ -w·'-..L ~ l.S57; Preston~ Archibald anc.:. Tin..kler ~ 

1957) <> Also the high values for the crude FCOtein levels cf 

this pasture 1voulu suggest that .i. t is adequate to suppJ.y ·t;lJe 

protein requirements Clf ear1y~~weaned calves, as Stobo et ~-
·~----

(1967 b) found that 16[f crude protein of a dj.et fed to calves 

supplied r;he requ..i.rements of protein for max weight ,;:';ain~ 



would therefore appear that the q_uali tatj~ve characteris cs 

of pasture are sufficient to cons it as an early-weaning 

food for calves~ However the q_usstion arises whether tb.c 

calves have the ability to takE. in & sufficient q_uantity of 

pasture to allow for satisfactory ~earing. 

The low energy density of pe.stu:::e coapled with a 

moderate fibre cor1tent would suggest that calves mu:at. spend 

a long time grazing and rDJnina ting per un:L t DM inte.ke of 

pasture., To give an indication of this, the results of a 

nwnber· of studies, where tb.e grazing behaviour of· calves a·~ 

pas has been observed, are s·:;mmarized in Table 1 s ·1 ., 

TABLE 1 • ·; ., ~Cime spent grazJ ng and ruminating du:r-iEg a 

24h period by calves at pasture 

Age of Other Time spent 

calf foods 
--- grazing ruminating 

(weeks) fed (h) (h) 

7 1gal.whole milk 5 7 

7 116/10 ~b Jive weight 

up to max ., 11. 1 b 6 .. 8 

6 7 weaned at l weeks 7 •. } 

9 '1 ~r·al ml'l~ Qub/c1nv (,~ ..) 0 ~ 0 ..,_,-,.. """ ... / ,_:::;,.,; 

·~ Not available 

Rc~fe~cenccs 

Stevvr;.rt( l~G1) 

C \ 1 qt:;>-; I 
,_./,./, 

Godfre;y- ( 19 6 ·: ) 

Chambers( I ~b9) 

There was ao intake data assoniated with these studies 

but results do indica that tl1e calves must spend a 1 

time eating and rll..Jllinating when they are rDceiving ]Jasture as 

the major dietary ..;onstituente 



vievr of postulated importance of oropharyngeal factors 

in controll the of the young ru_,'Jlinant shortly after 

we (see sec on 1.1.) the low energy concentration and 

the moderate level of fibre of sh pasture caus:i.ng calves to 

s nd a and ruminating is a serious 

of pa.:; 

The lcng ruminat:i_on t s of the calves grazing 

sture (see ~able 1.1.) is indi ive of the slow rate of 

breakrio··ii'H '"!:L :i_n the calf 1 s rume:o. of the ingested pasture 

j.1.1to :P<-J.rtj_cle sizes mti ble for pass&ee out of the rmnen and 

d~wm the This is the result of the p~stures 

modsrate 1 of ~ coupled th it being ~ed in the l 

This ·t~ould suggest that the pasture woald take up a 

considerable volume thin the :,:·urnen and that the calf 1 s 

intake of pasture may be limited ty rumen capaci ·cy .. 

intake of pas~ure by 

calves ~ged between three and six months and found that there 

was a linear relationship between organic matter (OM) intake 

and m-1 digestiblli ty uver the m.: chgestibili ty range :'Jf 

68 to 80~ He concJ .. uded that in these you .. ng animals the 

ir.11Jake of pa~3ture even at very high digeE3tibil.i ties was 

governed :pr(-d_ominately by rur:;t'n lL. 

A further c cation with pasture is tbat when j_ t is. 

fed fresh it has a high moisture 0ontentD It i:o unlikely 

however, that this 1ligh moj_stu:re content per _se is impo:.ten.t in 

influencing the intal=:e of· pas by calves compared to the 

affect of the actu.al physical :fo.cm .. This is demonstrated 

to a limited axte a c s e 

where calves ilfGre v1eaned at s weeks of off m:L 

substitute fed c:w libi tu.m onto either fres:O. 



and Tayler,1969) or dried pasture fed in the long form 

(Longsdale and Tayler, 1971). Both diets were of simil~r 

quality and both promoted sj.milar live--weight gains of the 

calves~ Although there are other variables associated t;h 

the removal of ~oisture from pasture~ the comparison of these 

two experlments ¥vould suggest that the removal of the 

moisture {J:id not improve the calves 1 intakes of • .L 
lt.. .. 

conclusion, the major l tations of pasture as an 

early-weaning food ~or calves ~auld seem to lie with its 

:physical characteristj.c s, 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 

which would slow the breE;,k-down of sture vlithin th.e rumen 

into particle sizes conduc~ve to passage through the hind 

~rhis combinat:i.on of factors 1eads to the probable control of 

the volun~ary intake of pasture by calves shortly after 

wear:ing, ~;{ a combination of orPphar;;rngeal. and rumen fill 

~ased mec~anisms. As a concentrate diet th:ough its greater 

DE densi t~' ar;.d smaller particle size ls.rge1y ~ver comes the 

limitations placed on int9ke bv these L:wo mechanisms, j.t, :i.F 

probable that shortly af te::t.· weaning calves ViOLlld. have a 

greater intake of a concentrate diet compared with pasture. 

1 

\IT • . ,eaxu .F'uod for 

The worx of Cha;nbers <lncl Alder at Hurley ( Ch8.n2b0rs, 

1961ab; Chambers and Alder, 1960, 1961) demonstrated that 

r':i u. 

comparable to concentrat th-hay as ~ fo0d for pre-weanen 



However, as the level of concentrate intake was limited to 

one third of the total DM intake, with hay making up the 

balance, the comparison does not reflect the true relative merit 

of pasture compared th concentrates. Spedding, Large and· 

Brown ( 19 61 ) ~ Brown ( 19 64) and Iarge and Spe dding ( 19 64.) found 

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

not successful unless concentrates were fe~. FlJ.rthe:r.' 

Gleeson (1971) demonstrated a decrease in-perfor%ance when 

calves six weeks of age were chang8d from a diet of concentrates 

to pasture. He also sLowed that over the pe od of six to 

fifteen weeks of age, calves receiving a concentrate diet grew 

faster thEln those rec::dving _pasture, i.e. Oo68 kG/day 

ccmpared with 0.37 ke,/day. However, this growth rate for 

those calves receiving pasture was lower than that demons ed 

by Longsdale and Tayl~r (1969) wno obtained growth rates oi 

0.-54 and 0 .. "46 kg/day vrhen calves w8·:.:e 'NeaEed at around s:i.x 

weeks of age onto pasture, after receiving milk substitute 

ad libitum for four and 4.5 weeks respectively. 

In conclusion it would a?pear that pasture is inferior 

to ccncgntrates as an early-wean~ng food for calves; although 

the growth rates which pasture can promote may be sufficient 

for dairy replac~ment stock, wl~ich over this period of life 

11ave a ttarget 1 lj-;re welght gatn between 0.45 and 0.5:, kg/da;)r 

(r,lcl\leekan, 1~)56; Crichton>Rd.kell and B0yne) 1059). 

An experimen~ was therefore designed to test t~1e follow-

ine.~ 1::ypotl1eses: 

( i) VIaS in.l:'orior to concentrates a,Il 

take in more concet.ltrates than pasture despite similari.ties 

be een th~ two f00ds on a qualitative basis i.e. digestibility. 



( ij.) A.s Ei numbe1' of workers have demonstrated a 

permanent feet of undernutritio:o in the young ruminant under 

the age of twelve weeks (e.g. Everitt, 1972; Reardon and 

live weight measurements were continued after 

the experime to test the hypothesis that a difference in 

live weigtt establi d in calves early in life is permanent 

i.e e YlO cO!'.l]Jensa tory growth vv111 occu::-:'" 



TEltlliLS 

IOIT C? 

0 of calves, seven in each group, were used to 

compare }X'.stu.re vli th con.centrates as an ear1y-weani~ng food 

for cs ... lves I> The two groups were classified as fo1lows: 

Grot~p C - this group of calves •Has to re ce i 'J::; 

food. 

Group P - this gro~p of calves was to receive pasture 

as the early-weaning food. 

The exp~rj.nent 'Vas di vidt;d into tv,:o main periods, A and B, 

with l;eriJ:'! A ft.::.rthsr divided into tl1ree su.b~-peri ads, Al, t12 

aJid. AJ. The classifjcation of each of these periods is 

gi.ven in ble 2.1., v:hil2 the detailed feeding maLagement of 

the calv~s over period A is given in ta~le 2.2. The periods 

are definGl in ter~s of the calves' age, with day 0 

corresponding to day of birth. 
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TABLE 2.1. 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 

Perl.od. A 1-T 
~~-28 clays) .I 

Pre-\ve2 ning I 
perl.od 

Period A (0-84 days) 

E:x:perimental period 

!£\ 
1"'! 

' till • 

Period A2 

( 3 6~-5 6 days ) 

~ o: Comparj.son 
·d C\1 
R ,___.., 
t\S 
C) perl.od 

Pos J?os 

com.parison e~:perime:n 
I ~ 

peri.od ·'" peJ.~~oci --~~j 

The objectivss of each of these periods ar2 discussed 

more fully below. 

The obje~tive of thl.s period was ~o prepare the ca:ves 

for weaning by five weeks cf age, with the c0nstraint that 

the ])re-weanLJ.g manc:~.£;ement -rtould not bias the comparison of 

pasture with colicentrat63 as an early-weaning food for calves. 

In an attempt to fueet this constraint both groups over this 

pre-wsanins period were treated similarly. Thsre vrere tv:o 

pre-requisites considered necessary to achieve the objective 

of preparing the calves for weaning early, when half of ~hem 

~ould be ~eaned onto sttlre c 

(i) Ensure adequate level2 of intake of solid foo~ 

To obtain this, the allowance of milk fed to the calves was 



restricted to a level ch ~auld support ma1n~enance and 

approximately 200g daily live-weight gain. This level was 

chosen as Preston (1963) d commented that calves on this 

level could be induced to eat 500g of solid food dai~y, by 

three v1eeks of 

(ii) Part of this intake of solid food must be 

pasture - It was considered ne~essary to give calves 

experience in ea ing pasture prior to weaning, as Hodgson 

(197la)- see section 1.2.3.3.- had demonstrated that calves 

rece ~tb.is ty of dic:t had si ~;~ ca.11t: J~t1prover."le n t s 

their d e:::~_perienc o of 

this type of diet prior to weaningo This requirement was 

achieved by restricting the lsvel 0f the concentrate diet fed 

Ob ective of 
-----~~-----·------'"--

'The objective of s period was to 80mpare pastur~ 

with conceatrates as an ei-.::::-·ly-'ueaning food for ::alve-:.:; thi:: 

being the major objective of the e~periment. Tv ass1st ·;n 

the - etatio~ of the results, digestibility, rate of 

p&ssaee and e2ting our studi~s were carried out. 

c;r..,lalitc::.tj_ve differen::::e betr:een the tv1o diets, vv'hi1e the latter 

two stv es would aid in thE~ interpretation of any differei:tC·3 

that might occur :in voluntary intake. The aim of feedinc; a 

small allo0a~ce of pasture to the calves of group C, was to 

accustom them to eat 3t~re in preparation for their 

change ~f diet fro~ concentrate ~o pasture durin~ period A3. 



2., 1. 3. Ob j_e cti ve ___ ~f Period A3 ( 57-84 clays of a£;,e) 

Thi.s period was included t) obtain some information 

on the ability of calves at this age, to substitute pasture 

for concentrates and to observe if c;here was e.ny carry-over 

effect of the feeding of concentrates to calves during 

period A2, on the intake of pasture by these calves during 

period A3. 

The objective here was to look at the affect of the 

t·tlO rearing methods on the subseq_vGnt performa.r_ce of these 

calves. During this period o.ll of the calves were grazed 

together in one gr~~. 
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TABLE 2.2. 

Bo 
1
J - 28 c 

2 

clays 

Detailed description of the feeding management 

of the calves during period A (0-84 days of age) 

·rr: te 

{ 

Concr -.:r«tc 

s t11re 

20 -

nu.intenanco -:-

live-weight n 

* 3 :.:.n.d Oc 41~ 

tbc 2nd, 3rd and 1-tll Vleek 

c:ctivcly 

tll l. dr:ccd each d 
I . ,.!l 
\rlrq 32 

1--.i.d 1 ~hi t.l10l 

1,·-=--~-~i A-.:_-:·~ n « 1.- • ':' !/ 
r

1 
~~ • ~-,H. 0 Ll -- "-' i,J\;, '..+ '' (; t::}.;.. [)) , .. -{ 

tJO 
1 

!Jtestricted 0. 3kg/(:ay 
I , 1 . , · -1 • 

r(2......:2:.:?.!....;-n •:. ·- ·-- -· - - -- --
- -, -· - - -- - -- -

I 
~. i - ~ -~- -- ~ ~ ~ -~ -· -· - - ~· 
, :J I "est r-t e l ,? 1 i. 1_ t :,'- to 1 ~ f)!·: 

I c! rc; 
I 

3;-
0 
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2.2~ 1. E/I1lk 

This was collected each raorning l)rior to comJnex:tcement 

of feeding and was kept at 4°C bet~een the morning and 

afternoon feeds. The herd producing the milk was 

predominantly Friesian, with a milk fat test for the months 

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

Conce:c_ tra te t 

The concentrat~diet was baaed on that proposed by 

Khour~- ( 1:;5s). It consisted of the ingredi s listed 

below, with the addition of 10% finely chopped hay. 

was addt::d to ensure the health of the calves rec2iving this 

concentrate diet. 

Ingredj.ents Perce;:1t 

Rolled barley 65 

Meat meal ( 601~ pro·~ein) 14 

Linseed meal (36% protein) 

Dry rr:olasses 

TVL calf food vitamin supplement 2 

~00 

The concentrate diet was fed to thR calves in the form 

of a meal. 

Tasman Vaccine Lauoratories (TVL) calf fo~d vitamin suppleTent 
Leg of con 2.715~ vitaitlin A, 0.325 vitamin I;, 3e2 
vitamin E, 12.947g ascorbic acid, 0.014g cabo Chrbcnatc, 
0.019g potassium iodate, 0.054g copper carbonate, J.550g fs~ro~s 
frurerates ~.436g manganese sulphate, C.063g calcite and magnesl~,e 
J.132g zinc oxide, and 975.047g l~ctose. 
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2. 2. .. Pasture 

Three paddocks were used for the supply of the pas~ure 

descriptions of ~hich are given below. The pastur~::: VJeiS 

h~rvested intitially using an Allen motor scythe (John Allen 

and Sons Ltd. Oxford)~ th this later be replaced_ by a 

sickle-bar mowsr mounted on a tractor. Th~ pasture was ~ut 

once daj_ly t U:3ually during mid~afternoon, and stored overni 

in large plastic bags at 4oc. At 0800h the next morning it 

was renoved aud mixed thoroughly prior to feeding. 

2.2v .1e Paddo 

(1) Pa oak 30- The type of pasture was 

predominantly ry'?grass (variety unkno-vru as r.:::> record of soviing 

date and seed mixtu1·e was available) and vvhi te clove:;:.~. 

Just prior to the experiuent (16-4-72) the pasture was topped 

and topdre ssed 'lli th 126kg/ha of v.rca. Time of t:::e last 

piJ.osphate application was 6-3-71 when 377kg/ha we.s applied. 

( .. ) I) d., , "'o 11 .a uo~~ ~J - This paddock was sow~ in 

Autumn 1S66 1 with a seec, n1lxture:/ha of 3.7ke 1'-lanavva rye_<3ra::::s, 

1 . 8kg ArHd, 1 . 8kg Ruarru2.. and 1 . 4kg Huia vrhi te clover, 

Tillle of last phcsphate appli ca tj_on v;as 6-3--7 ~ vrhen 377kg/hcL 

was applied. 

( ... ) ·p 'd - ~c· . ll:2.. . aa OCK I • - This paddock was sown in 

permanent pasture in Autui:m 1972, ~he seed mixture/ha was 

Ariki 2. Jkg, r.:anar;a. 3. 2kg ,_ Apanui Cocksfoot 1 . 8kg and HuiEt 

white clover 1.4kg. Urea was applied to the pasture at the 

rate of 250r::gjha c.:-1 12-5-72 and the last phosphate a~;.;plication 

(377kg/ha) was on 11-1 71, vvhen chomJoel}j,er was the crope 
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Fourteen Friesian bull calves born during May 1972, were 

obtained fran, either the r:TE:<ssey lJnivc:;rsity No.1 dairy he 

or purchased from local farmers. On arrival they were 

randomly allocated to their respective groups, fasted over-

night (a procedure w~ich is d to minimise risk of 

infectious scours Lavtrence a:c1d arce, 1961) and weighed 

the next morning. The calf's fasted we t was used to 

calculate its d ly allowance of wilk. 

Up until they were eight ~eeks old, the calves were 

k2pt in i~dividual metabolism crates (see Plat~ 2. 1. ), while 

betrveen e t and twelve weeks ~ere kept in individ~al 

pens and bedded dow~ on straw (see Plate 2.?.). The cA-lves' 

room wqs well ventilated and ma~ ined at a constant 

temperature of 17oc. The rela:t;jve humidj~tY vm:ied, but Jit1 

not drop below 65~. The lights in the room were switched 

on in t:r-18 mo:cning and off at n:Lght: approximating the normal 

daylight pattern for ~hat " . clme of the year (Iviay~ .AugL.lSt)., 

Any calves thnt showed slgns of scouring vvere tre ed 

with s~lphamezathine (sulphidi~idj~e- I.C.I.) and given a 

drPnch of Kalun:inox (National JJairy Assc;ciation --- Colloidial 

During peri_ocl A, all calves i.r-respecti,re of diet were 

dre:uched E::Ver;y two weeks vii th a:n 2.::1thelminthic hartendazole 

- [3rui th, l'~lirls anc1 perioc1 J3 

the calves were drenched only at the ti~es they were br 

in for v:eighi11g .. 



tray ex tension aiding 

faecal collection 

Plate 2.1. Calf in Metabolism Crate (Periods A1 and A2) 



Plate 2.2. ~alf Housing during Period A3 



2. • ·1 c Ch sis of the Diets 

Both diets fed ·;vere ss.npled daily for DT-.'l determinat:LoJ::.s. 

For sture, duplicate 200g samples were taken, while for the 

concentrate diet a s e 50g sample was taken. The ])Jvi 

cant of tt~i:3e samp1es was dett-;rmined by dryin{:'; them in a 

force-draught oven for nine hours at 90°C. As oven space 

over the period of the ial w;:l~3 at a premj_·mn and because 

it VvEiS f:)Uild t; the erence betneen the cc.ntent; of 

samples deterKined over hours, comparee. with 24h was 

:0 ou.r d i of 

Yihe:rea.o Dfter dry:Lng, the daily sample:; of tl"l2 

concentrate diet was discarded, the daily sample of past1 lre 

was ground t1Jrough a 1m:n mesh in 8. 'Niley mill and stored 

air-tight plastic bags, to be later bulked on a pa~dock basis 

for che~ical analysis. For the chemical analysis of the 

eoncentrate d:i.et ~ saE~plcs of the c8ncentrate s.:.1d hay 

up -thts diet were obtained the 

~hereas the sample of 

hay '.Vas finely ground thrO't.l..2;}:1 a ·1 nun r:te shp the sa111ple of the 

concentrat~ ccreponent was left in it~ c form beca~se of 

the d:i.fficulty e.11counted vvhen tryj_ng to gr2.nd it., These ·t7IO 

samples were e~ored separately in air-tight glass jars. 

~he follow~ng chemica: anaJyses were carr1ed out: 

Nitrogen as by cra-Kjeldahl 

Ether extract 

. ' 
.t~Sl1 

Gross energ:i.es usi:ng ad batic bxnb 

bre 

t ,, 
(~ ~ 

c8.lorirneter/ 

Vm1. Soest ( 1963) 
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2 •. 2~ Botanical C osition of the Pas 

The pastures of the three paddocks used in the 

expe~im~nt were assessed for their botanical compositions, 

i.e .. the oportion grass, clover and weed present. 

botanical separations were carried out on samples of pasture 

ch were obtained by the random sampling of each paddock. 

The separated fractions were dried anQ the composition 

expresse~ as a proportion by weight of the total. 

of the 

DM dj_ E3ti bili 

objective of monitoring the digestibility of the 

pasture using sheep, was as a control seasur8 ~o see if any 

changes in the calf's dieestibility of pasture wns due to 

eithert a ~hange in the ability of the calf to digest pasture, 

or ~ change in the nutritive value of the pasture. This 

control prc:cedure vras carried out i;_ntil the digestibili t~r 

study with the e:alves had been con1pJeted. 

Tlrr·ee harnessed n:cature sheep (-two vasect(.)ffi~zed rams 

and one n.J..Illen fistula ted wether) were ca,~h fed a daily 

r-tllovmnce of the pasture, wh~ch corresponded to 

approx feedi.ng. 

Faeces were collected daily and bulked over a period 

of seven days .. This resulted in a total of eight 

bctln.1:c e riDis, each of sev~n days. At the 

end of 8ach period of collection, the bulked wet faeces were 

'Neigl:r;;d f:i.nd two 20r)g E:>8I:',ple s were t-aken ar. C oven-dried for48h 

at 90°C for determination of content., 



Ten calves, five from each group wt=::re j.r.~.volved in the 

digestibility trial. The organisation of this trial is 

given in Table 2.3. 

T ' ·s·I- ·n 2 3 A ,- J b, '" • The organisation of the digestibility trial 

collectioL periods 

wi 

perj_od 
[ 

During BP rr (-which COJ.Tcsponds to period A2) th~; ability of 

the calf to digest pastur~ compsred with the concentrate diet 

was assessed. 

The BP I was included to assess the affec~ of the a 

of the calf on the dig8stibility of the diets fed. 1'o aid 

in this assessment 1 the two major balance p0riods were 

di d. into a nunber of sub-balance pe:::-iuds 1 sc allowing any 

affects of the age of the calf within the two major periods 

to be observed .. 

Faecal collection·was achiev~d by allowing the 

voided ~aeces to pass through the grating into the receptacle 

of the me oolism c e j re they were collected ce 

daily, mornings and afternoons. The faeces were bulked for 

each calf and stored at -1ooc. 



At the end of each collection period (for lengths 

periods see Table 2.3.) the bulked wet faeces were weighed, 

thoroughly mixed and two samples of approximately 200g were 

taken e:.r.:.d dried at gooc for 48hr for dete1:1lination of IJM 

content. A further sample of 500g was taken, freeze-dried, 

then finely groc.1nd through a 1mm mesh in 2. Yfiley mill and 

stored in a ight jarsc 

the :Dl\i content of the faeces vvas determined 

oven-drying, the ene content was determined on the freeze-

dried samples. The inconsis ncy of using the oven-dried 

Dl\1. a rlC. d r; i~ e ng c or1.-~~e on freeze~dried 

samples, csme about through an initial bt that the freeze 

drier was not drying the sampl:::;s sufficiently I'· as on a·verage 

the content of the freeze-dried s&mple was 2% units 

higher "than the corresponding oven-dried sample., As a check 

to see if this difference was due to moist~re or loss of 

ar.-~ual DJ'.l, energy determinations on some of the freeze-d:r:'L~d. 

and the coTresponding oven-dried smnple were carried out. 

The results are given in Appendix I, with the concluaion tbat 

the difference was probably because of a difference jn ~he 

moisture content. 

ThP main feedir.:.g times were 0900h &nd ·r300h and at each 

of these feeds the calves wera fed half of their daily 

allowance of milk. The milk was ws.rmed with the addition 

of hot water and red to the ca~ves rrom a buc~et. 

solid food was offered at the 

e d only s hov,rever as the calves increased the intakes :.::.'f 

it, the diets which were being f;:~d ad libitum were offered at 



both feedi.ng Also because size of the food b 

limited the amount of pasture vrhich could oe offered at 

one time, pasture was replenished throughout the day as 

food bins emptiec~. 7/hen a solid food was offered in a 

restricted amom•t ~ the daily allovrance was given at the 

G900h feed.* 

fo~ an hour in the morning when food refusals 

were being colle-:::ted? a11 calves had continu01.1s access to 

their respec diets. 

concentrate and pasture was fed so that refusals were 

least 1 Food refusals were 

collected tl1e morning prior to feeding~ weighed and 

samplc~d for dry matter determ tions. F'or cc:ncent:t.ate 

ref~sals a 50g sample was taken while for pasture a 100g 

was taken" All of the calves had free access to water 

\luring pe:riod A •. Daily water tnt~:1.kes ·uere recorded durj_"lg 

IJe::::iod l\.2 onlye 

The general objective of the feeding regime for 

amounts in access of the calves 1 requi~ements, thus enablj 

any potenttol ;;nmpensato.:'y growth to be demonstrated. 

Ov~~r the SUJ11mer ps.sture was j.n short supply s b1.d both groUl)S 

were treai;ed r-1like throughout, 

in 

Duri~g period A the calves were weighed weekly at 

080Ch, on scales accurate to + 0.10kg. It was hoped t~at 

the of' the ..,,e the t j_n 

the feeding cycle would help minimizG the error of gut fill. 
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For period B, the error of gut fill was minimized by fasting 

the calves without access to water for 15h. Weighing 

during this period \vas not on a ret:,'1J.lar basis~· 

Tvy-o rnethodf3 were used to calculate the live-v1eight 

gains: 

(1) By regressing live weight on age .. This was 

usod to calculate the live-weight gains of the calves over 

periods A1 and A2. 

U~) By the difference method (Bailey Brester and 

:Burt,. 1958) which is dsfined as: 

This method was used to calculPte the live-weight gains of 

the calve::_-, dur·ing period B and also the overall 1i ve-weit:_!;h"t; 

gains of the calves for period A. 

2 .. 6. Ti~e of Ret the 

d hetween six and 

eight v1e were fed a pro~ortion (4%) of t~sir respective 

diet, pas re cr con~entrate, stained with safraninea The 

stained diet was fed at 2300h with the first faecal sample 

taken at 0930b cn:ld the subs:-:li_Uent fm.Lr·teen samples spread 

over a perJod of sRven d~ys. The ~r:;ained 1.:.articles i_n these 

faecal saJr,ple:;, v<ere counted using Balch 1 s (1950) li'lethcd and 

the resul~were expressed as the mean time of retention 
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Tha daily eating and rumins.tj_ng act:ivi tles of three; 

calves receiv~ing pas e (group P) and t~o calves receiving 

cone e (group C) v.,rere recorded over a continuous ocl 

of several daysr during period A2. The apparatus used for 

the recording was based on that used by Campling and eer 

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

apparatus used is illustrated in Plate 2.3. while part of one 

of the recording charts the processes of eating, 

ruminEt and resting, is given 



• 

halter holding balloon 

under chin 

tube connection between 

balloon and recorder 

tamber recorders 

chart recorder 

Plate 2.3. Eating Behaviour Recording Apparatus 

in Operation 



EAT:NG 

~----10minutes 

Fig. 2.1. Part of one of the recordinb charts illustrating 

the process of eating, ruwinating and resting 

47 



2.5. STATISTICAL 

The treatment differences of the two independent groups 

were a11alysed according to the theory of t,he t - statistic" 

'1There the variances of the tvw oups were shown to be 

heterogeneous, the data was analysed according to Snedecor 

and Cochran (1967) Vlhere re ssion analyses were 

carried out, the population parameters were estimated by the 

squares technique. 

The Jwimal Production Journal's convention for 

the level of s 

as follows: 

ficance has been adopted. 

a result which is 

non-significant NS 

significant at the 5% (0.05)level 

significan~ at the 1% (0.01)level ** 

significant at the 0.1% (o.oo·; )level 1HH~ 

Thi.s J.s 



CHAPTEI?. 

RESULTS 

TJ:te ca1v c s ma d remarkable health and vigour 

throughout period A, with the only ill ct apparent from 

their long sojourn in the metabolism crates being abra ons 

to their carpal (knee) and tarsal (hock) jo These 

abrasions wer2 ed frr::q_uently iodine with the re 

that no infection became es d~ 

The incidence of scouring was low, with the~e be 

a total of only five calf-~ays when it occurred, and on each 

occaston tre nt was successful, allowing the intake 0f 

milk to be maintained. Calf 11 developed a chronj_c navr::L'-

infecti_on that vvas repeatedly tr-eated with procaine penicill 

(A/S HoGcu)., D1ring period A3 all animals ~ere treated for 

ltce with i'enthton (Tiguvon-Bayer). 

There appeared to be no ill a;rects caused by ~~s·c~re 

being the sole food from five weeks of Rge. Only calf 12 

during period B. Photographs of a reprsseLtative selection 

of the calves nre shc~n in Plate 3.1. 

Co.lf health was not ma t2ined duri:J.g :pE;riod 13. 

Vli nine weeks of be 

died, two from bloat 

previously mentiGaed. 

1973) the calves devel 

pu.t out to pastu.re three calves 

one from the nav81 infection 

J)u~r e sum..::;wr period ( 

d staggers and i~ was at this time 

that a further tv.;o calves diP.d th.1'ough m~_..::J-adventure., 

d 



Group C Group P 

3 12 

9 6 
Plate 3.1. A Representative Selection of the Calves when Eight Weeks of Age 





With only nine animals left (five in group P and four 

group C) rsriod B was prema ly te 



51 

<r2o1" Chemical 

A stunmary of the chemical composition of the pastu:t:e 

and concentrate diets is given in Table 3.1. On the basis 

of this chemical analysis the pastures cut from the three 

paddocks vrsre sirnilare The lovver DM content of the 

pasture paddock 10 was a reflection of the short time 

this pasture had be8n sown (see section 2.2.).1.). The 

values for the acid detergent fibre of the pasture confirms 

that it was j_p the vegeta-tive state, however they also 

deDlOrlS that pasture contains considerably more l1gnin 

and cellulose (ecid deterge11t fibre) CCillJlared with -'vhe 

concentrate die~p 

A BlJJ.nmary of tlle bo·tanical compositions of the 

pastures fed to the caJves is given in Tahle 3.2. 

~rABLE 3. 2. lotan:Lcal ~~om:pos:t t1on of pasture 

Grass Clover Weed 

Paddock 30 60 34 6 

29 70 20 10 

10 77 23 

----

ed d ck 29 was a la.rge litter of d 

leaves which had fall(-;n d'-lring the AutL.'.mn from the number ( f 



TABLE 3 .. 1 .. 

Crude 

Di C%2 (_Nx6 .. 25) 

Co nee o· '"" J I .,L 2} .. 0 

Hay 8Cl >:; 
--"'"-' 7<>8 

- - - - - - - - - - -
-><Cone en te -~ 10% hay 91,0 21&5 

------------
Pad do 30 13_ .. 9 - 22~l 22.,.1 

29 '14- 19 <•8 20 .. 1 

10 1 
.., 

13.-4- 2<L.9 ,._) 

This was the concentrate fed to the calves 

eue 

Acid 

7.0 

]] .. 9 

- - -

9--7 

20 ... 6 

20 .. 3 

19 -~9 

this 

c;o:c1ten-t of diets 

e2 

2,..7 

-- - -
4- .. 0 

7 .. 3 

7 .. 3 

7 <• 5 

_,_ 

" 

-

es:.:..:1t study 

4 ..... 8 

8.,.0 

- -
5 .. 1 

10 .. } 

12 ,.6 

1 1..4 

C - I kcal; 

4 .. 603 

4 .. 230 

~t 506 

il 
-1- 46 

A 37'-4. <> ..) 

4-~ 4·09 

) 



deciduous trees growing in close proximity to this pc:ddo 

The low clover and high weed content of the pasture from 

paddock 10 was again a reflection of the short time this 

pasture had been sown. 

As it is difficult to obtain a meaningful valu-.3 for 

the bulk density of pasture, the two diets, concentrate 

pasture were photographed to allow a visual comparison to be 

made - see Plat9 3.2. As both piles represent lkg DM 9 the 

lowr:r densi of the past~re compared with the concentrate 

diet is well illustrated. 

of Pas 

~:rw results of this st·ctd;y a~"'e smnraarized in Fig. 3.1 .. 

Tho results demonstrated that the digestibility of the 

pasture wGs reasonably constant for the first seven weekly 

periods; by which time the calves' digestlbility trial had 

been com.pleted.. ~1he dr:::.stic drop ir~ the DI\1 dj_gestibilit:v 

du:r.·i.ng the ei[)ri;h perioc~ was t~ue pro1Jable re·sult of a sharp 

rise in the soil contamin3~tion of the pasture: over this 

pe:riod~ This rise in the CG11taminatj.on is indicated by 

rise in the ash content of the dajly pasture samples for this 

:period (see 1~~ o· -~ 2 ) 
.l J .. t:) ¢;- _,J ~ • and was the result of a combination 

t·NO factors: 

(i) the replacemen~ of the Allen mower with the 

sickle-bar mower, resulting in the pasture being cut closer 

to the gr 

(ii) a period of inteDsive rainfall which 

produceu mud conditions,, 



Pasture 1kg DM 

( 17% DM) 

Concentrate 1kg DM 

(89% DM) 

Plate 3.2. An Illustration of the Difference in Bulk 

Density between Pasture and Concentrate 



For comparative purposes the :mean DM digestibility of 

the pasture from paddock 30 for sheep and calves is also 

given in F .3.1. 

In Fig.3.3. the use of the different paddocks for the 

sture, re tive to the age of the calves is 

illustratE:: d. 



The D.M clig·-~r-;tit::.J.i ty of pasture using s:be 

!.I... 

0 

\ 

\ 
\ 

2 3 4 5 6 
\)l SEVEI.,l [" /\ y 
\Jl 



l>..:.:et]:!ge for '--­
padded{ 29 

l \ 
I \ 
I I 

CUTTING DATE 
7 

Daily ash content of pasture from paddock 29 

showing increase in ash content du9 to soil 

contamination 
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'-' 30 

PADDOCK 

1"'+ cut} I ;;_a ' ')C 
0 2nd cut v · 

2G 
10 

Paddock usuage during period A rslative 

to age of·calves 
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G C.ALV~ES 

The digestibility determinations of this present study 

we~r:c cal ted on a one day ' ' basis rather than the 

normal twc day 'lag', as Prestons:~· (1957) demons ed 

that when y calves were fed pasture there vras a maxinmm 

correlation between the intake of past~re and faecal ou 

for a 1 lag 1 of 24h 1 Lag 1 is defined as the t 

a particular day 1 s feed was rst offered until ·the 

correspond day's faeces were collected. Tbis result of 

stan's was supp ed to a limited extent by the results of 

this prese 

Apparent digest~ble e I 
\, 

' j,. 

) dete n.a tions 

the pre-weaning balGnce period (BP I) were calculated after 

correcting for the 

miJ_k to '()('; C.l t; c-t 
.1-··f" 

( r;-~o•nn1·· . L ~-~ J.~.c ... ! t:; 

J qr r,) --? 0 ~ 

rn}; .-:} 
-!_.,/, ~ t.,:; results of 

Tal'Jles 3 ~ 3 ¢ and J.4e 

e of assumj_ng the 

and ~.'aranenk._), 1939 cited by 

the digestibility trj_al are 

By considering the figures 

.. (" 

UJ. 

Roy 

<.;OW 1 S 

shown in 

ohtajne;:! 

consecutive seven-day sut-balance periods of 

T ( • 
.~.. }H'e·-v·ea.m.ng - see Table J.J.) and the four consea~tive 

sub-balance p0riods of BP li (post-weaning - soe Ap~endix IV) 

it was observed that the digestibility of the energy did not 

al te:c over the two balance periods. 

,. 
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TABLE 3 3 •. Appare digestibility of energy (%) se 

of the sture concentrate diets offered 

to calves when they were between 15 and 28 

days age ( I) 

se of difference 

1st S1). e su b-·balanc e and probabili 

pe d pe od of t-statistic 

C.:t) (P) 

72 .. 65 + 1.66 2.27 

c 73 71 1 ~71 

the c:oe ci s of diet fed to the calves 

I we;~·e determined on ~.-arying levels of intake <:::tr.'..d 

varying ::catios of concentrate to }Jasture, multiple regression 

analysi2 was performed to see if these two factors contribQted 

to the var tion of the DE values. The resultiug regression 

coerfioients along th their standard errors are given be 

wtth neither 0f the coefficient~ 1aing significantly greeter 

intake 

x2 - concentrate/pasture 0 .. 85 (NS) 

d.J<P= 18 

The difference be aen the coefficients of the 

pasture and the concentrate diets fed to the calves post-

I'iocl ) i .p~ ' IV) H.TD s JlOY1- I 8ee \.--.. .. -- -~ \ 

The clet iOllS of the DE coefficie 8 of 

the pasture and c~ncentrate diets fed during this period are 



digestibility of ene of the pasture 

calves when they were from 36 to 57 days of age 

Concentrate diet 

(Group C) 

Calf 

identification (%) 

1 73<>63 b 

3 74.83 b 

5 68v70 a 

7 7 6 >:; ') 
<> "'0 b 

9 77 .. 50 b _____ , _________ ~,~---
G·r01.11J mea,n + se 

Pasture diet 

(Group P) 

C~lf 

identifica on 

? 

4 

6 

8 

10 

DE 

(~) 

76.,64 

73~68 

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

group Care not significantly different (P<0.05). 

~rhe sjgnificance of the ation betweFn calve~ in 
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the determination of the DE coefficjen~s of the two diets fed 

vvas investigated -, see Appt:ndix V ~ The variation between 

the f'alves rer;eiving the pasture diet was non-sigrdficBnt .. 

However the varia~ion between the calves recej,ving the 

cone :,e diet was hig.i1ly significant, an(1 a comparisor:. of 

these calves 1 means by th~ least signific2nt difference 

technio.lle 9 demonstrated that the value for calf 5 was 

significautly lowbr compared with the others - see Table 3.4 

dete tio during II 'Nere so 

carrj_ed Oi.tt under varying energy intt~kes, the effect of tlns 
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factor on the DE values thin diets was investigated~ 

With neither diet was the variation of the energy intake 

important in explaining any of the variation of the DE 

values The results of this analysis are given in Table 3.5 

TABLE 3r5. Regression coefficients of the relationship 

b J nv ( '.r 0 o
1
··a1 ) d .. 1- • (X l'r -l e GW0~8ll ":.. .J., an t)l1e:::,gy ~11\,al;:e ? VlCa. 

DE/day) analysed witb diets 

Diet d.f<> b se r2. Prob"' of b 

~------- ----
18 -1 .,27? + ) .. 8 f) 0 .. 01 NS 

Pa.sture 1 E$ n~1.,i07 0,686 0 .. '13 
----· 
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The performance results are presented relation to 

tl1e perio of the experiment. To give an overall 

p'c;rspec of the effects of the two rearing methods on t~e 

pr~rformance the calves, the general results of period 

are presented f t 1 with the more detailed analysis of ths 

S1J ven later sectionso 

(y 1 tt 

Intake - the ase in the intakes 

expressed absolut,_, terms and re ive to metabolic body 

) ti.:.e t;vo groups of calves during period A.; ars 

gtven g. 3-4• and 3.5. respectively. The source cla 

for g's, 3.4. and 1.5. are presented in Appendices VI and 

VII respectively .. 

( ii) Daily live-weight gains - the mea:r: li ve~-v1eight 
I 
\ 8 .. 8 c culated by the difference method) of the calves 

in group G during period A, ~as significaPtly ~reater 

0?< 0~1/0 that of i;he calves in f,J.'OUp P- see Table 3 .. 6 •. 

~r A:Bl.J~.: 3 ~ 6., I11car:. daily li ve~v:1eight gain (ke/ day) of the 

tw·o r.;roups of ce.J ves during period A (0-~8tldays) 

se of difference 

and probability 

Grc:~.tp cf t-statistic 

c p 

0 .. 02 

~---~-~,~---,--~---------·--------- ---------



A:~ Group C 

6. up P 

0 

e 

ily 

over weekly perloas during period A 



..-.,.",..,. 
UJ 
~ 
<( 
!­
z 
0:: 
UJ 
I~· 

I~-

<!:· 
2: 

0 

A Group C 

. ,6. Group P 

--A1 --H/1:---=!i~ 

2 4 

I 

6 10 12 
AGE (weeks) 

l''i.gure 3 • 5 ., Group me~.n daily DM. intake relative to 

metabolic body size averaged over 

weekly periods during period A 
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&l.Group C 

D. Gr~up P 

--~ A2 A3 >I 

2 4 6 8 12 

AGE (V"ee~\s) 

Pigure 3.6. Group illean live-weight changes of calves 

during period A 
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(iii) Live we t - the mean live-weight changes 

the two groups of calves during pe od A are illustrated in 

Fig"' ].6. These data are pre~ented in Appendix VIII. 

Performance d:u.r riod AI 0 ~- 28 

The perfor.r:1ance resu1 ts the two groups of calves 

during tbj.s period are summarized Table 3.7 .. 

m' BL .. " ., 7 :.Lr~ •£., .) .,. o ormance (mean vaJ u.es) during the fir[:>t four 

weeks of life of calves all offered pacttlre 

ad 1i bi ttur1 and a re cted concevtr:;;,to diet 

( er the first we comparing tLe grcn:ps 

to obsc;rve if any b s was introdu,:ed durinz 

this pre-v-ieaning period which li1ay have confounded 

the results of the calves' post-weaning 

performance 

--~-------

i[eight at 1 ""re ( ]rg l 
£).._., I 

Intake of solid fvod(kgDIYI) 

Cor.~.centra te 

Pasture 

1:ota1. 

in/ day(kg) 

Group 

c 

3~568 

1 .. 7 31 

5.299 

0 .. 40 

se ol differe~ce 

and probabili-t7 

of statistic 

p (P) 

2 .. 0 

3.,525 0 .. 781 NS 

1 .,858 0.427 HS 

5 .. 383 0 .. 636 NS 

') .. 42 0 .. 04 FfS 

* Qqlves were receiving a milk allowance sufficient for 

maintenance + 0 .. 2kg/clay live-weight gain 
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The calves' intakes of solid food were expressed in 

ter·ms of , as over this period the campo tion of the 

to -r;akes ed i.e. ratio of concentrate to pasture 

(sec Fig. 3.7.) and e coefficients for thes~ varying 

diets were too inconsistent for general application. 

Disregarding groups, the total intake of pasture 

c cone by the calves during pe od ~1 ~as 

stigatedc :results are summarized in Table 3 .. 8 ... 

derr~ons that n calves were o red both the 

cone ""ture ets, they ate signi cantly 

more of cone 

Total intakes (mean s) of concen~rats 

and pas by c ves the first four 

weeks of their lj~ves, when each calf was offerr:;d 

both diets, concentrate (restricted) and 

se of difference 

&.ad probabili 

Diet of statj_stic 

Cone en e Pasture (P) 

·ves i rnea .. 11 Divi 

take 1 (> 795 0"'428 

As t!1ere was a corisiderable varia·~i on between calves 

in the l1Y01JOrti ons ,., .!: concentrate and ~asture making up i,:neir 

s Erl1bjec cl to 

s ( coEcen1;ra-c;e intake, Y 1 pas "'-:1" \ 

A) 

to inves te the possibilits of any relacionshif between the 
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tvw variables .. The results are given below: 

a +· se - 5 ~ 4L~8 + 0..,763 ( *·}~* 2 

-0 + se -1.059 1· 0~429 (>,(-i~· ) 

r2 - 0.,.34-

d:.£ f ~ - 12 

Altho~eh b is close to unity, the ~% ~onfidence interval 

for {3 

-0 ... !24: ? (3 > -1.994-

In interp:r·e the results of this c son of 

calf',s re ti ve intake of concentrate to pasi,ure ~ it must be 

remembcretl that the calf 1 s intake of concentrate was being 

restricted., 

The relationship among the combinations of the three 

variables. live weight of the calves at o~e week of age, 

t[le_ir respective total Dli'I intakes of solid food and live-· 

wej_ght gains over the subsequent three weeks were investigated, 

~:he resul-cs are Zea- l'n rn.-·blr> 3 a J....... ..LGL - .,:; c....; f» 



Regression coe cients among the comb ons 

of the varia l weight of the calves 

one week of their re.Jpective total 

intakes of solid food and live-weight ns 

over the subsequent thrRe weeks 

Depende~t variables 

ight Total intake 

Indep ( ( ) 

GS b + se 

1 we ( ) -0., 0 .. 05 3 :!: 0 .. 087 0 .,030 

Total 
* 

i ( ) 0.,.737 

d.f .. = 12. 

* significant at 5~ level 

The calves' intakes of the t~o diets fed were 

expressed terms of DE iD.takes with units of 1\k.:tl DE/ day,. 

Thes.:: intakes vvere calc'\}.lated from the gross energy intakes 

using the following co i.cients: 

(i) for the pasture diet - becaus~ the between calf 

variation of the coefficients for the ~asture diet was not 

signif1cant (see Appendix Va). -- ' 
the group mean was used as the 

estimate of the coefficient fo~ the 2ture fed to the 

calves 



( .. ') \ ], 1. for conce et be cc1llse tl1e be en 

tion of tl:e coe icie for the concentrate 

diet wa.s s ) v.,rhere pre sent 

'f3 ov;J1 e s t:e of· the coe ci for concen 

calves which were not involved in the 

digestibi ty study group mean was used., 

The ce.lves p or~ance results fur this period are 
., 

~3e a 

3 e: 1 () Perfo:r'mf:>.nce s) pe od of' 

to e t vvee 

five weeks of onto a diet 0f either 

conce e ( 

offered ad ·oi 

se of differcnce 

Group 

c ( }.? 2 

6th we ~ 80" _,... c:. 3.<.261. 0 .,.2 1L7 ..;,:~ 

7th we 4 <> 784 J.,.821 0~ 181 *"*·.~}. 

8th Vieek ~- ,...19 ) <>? ' 4c535 0 .. 255 ~·,~;: .. 

\r/ater inta1ce/ day (kg) 3o81 t.,06 Oc4c0 *·"--":!. r •. ,.. 

Live weight at 5weeks( ) 50"8 4-7 .. 3 2.0 ""'C' .l1u 

6} 0 53 8 8we 1 '7 1~· *~':.-
<> j 

0 .. 58 0.,31 0~06 
.)t.,_,V 'd ;·, r:7\~, 

----

cc1lves group c d a s ce.ntly 

greater water intake than the calves in c::::.use 

c 



grou P dv_ring :period A2 was respectively 17 .,}j0 L.016 

these calvAs addition to the water they drank 

took irl 4- e B6 kg/day of water associated -vvith the pasture"" 

rates at which the calves increased their 

i11taJrcs 8 id food th time d.urj~ng perio A1 and were 

calculated by re essing the Dr!I intake of so d food (Y ) 

on the calf (X, weeks) and using regi'e ~Jsio:rl 

coefficj_ (b) as the estimate for the rate of increase. 

:i:he resu:u.,3 of the analysis are sur~marized in Table 3,.! 1 .. 

The ratss at which calves increased their 

m:r in s vii th time ( e ) of the 

c oncc;1. te/pasture diet they all received 

durj_~g the pre-~vveaning period (period A1.) and 

the pasture (group P) and the concentrQte 

(group C) diAts they received post-wea~ing 

(period A2) 

level of 

Groups significance 

J?eriod c p between 

A1 4.0 0 .. 179 0 .. 014 

A?.. 33. 0&306 0 ... 220 

level of 

significan~,.;e 

between riocls ** NS 

T'he re ts demonstrate that the cGlves receiv the 

were e to bo 

intakes J.t a significantly greater rate that those 



· · Y\Q"·-~-ure ar.'d r'l"'O P.t. P. 2"reater rate than during recelvlng l::"'"';:"" , ... ec "" ~ ~ u 

the pre-weaning period~ Calves rece ing pastv_re 

post-weaning were not able to significantly increase the~r 

rate of increase in intake during this post-v1eaning pe od 

c d wi the e for the pre-weaning period. 

The mai enance re for young C£-ilf was 

est ted by on (1972) to be 1 1 Ocal NiE/kg 0.73 and 

dj~ rJ1n.g tlJis by the cons 0.82 to convert 

l965; ..,lfoo 0 ch<; 1972) an est tc 

for ca.J.f r s e requ nt terms of is 

This value was used to 

remove tJ1e ma enane:e c from each calf 1 s av2 

daily DE int :for period A2o The re onship between the 

resulting residual DE intake, ch theoretj.cally vwu].d ·ne 

that intak<~ available for production,and the live-weight 

gain tlw calves over t!lis pe oci. v-1as investigate:!., 

~[ne analysis is given in ~1able 3~12.,while the relationshir.:, is 

ill us 
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ssion coe icients for the relat~onshif 

betvveen rta~ly live.-•:Jeight gain (Y; kg/day) 

and above maintenance (X Meal ) 

Vlhen calves dur the p od of age of f 

to eight we were offered either a pasture 

(gr P) or concentrate (group C) diet 

ad 

" 

d .. f" a + se b + se r2 of b 

J? 6 0 267 -;: o$C ·1 Oc0359 0,. 9 0,09 

Grot.<[) c 6 0"186 + 0 078 0~184-5 0 .. 0569 0 .. 68 

Corn.b:Lne d of 

cups p c 1.2 OeOJ4 0 .. 096 0 .. 2273 + 0 .. 0499 0 3 6t~ -f:-}(* 

··-~· ~,~.-~ 

The analysis of the combined data fr0m both groups 

demonstrated a highly signtficant relationship be~wecn the 

live~1veight ins of the calves an~ their DE intakes above 

rns~ i1J -~ e 11a11c 2 (r A sign~ficant relationship was also 

d_cxnons ted for the calves receiv the concentrate ' • l-O.l e \., 

not for the calve8 fed pasture. The fou.r calves which 

deviated most from. tt;e corrw1on regression line were those calves. 

whtcb. •,'ere rl involv·:::d in tbr:; digestibility study~ 

A possible :Lmr.;lication of this is discussed later (see section 

The reciprocal_ of the regressj.on coefficient bv- gives 

an est~~ate of the ene allow~nce for growth. 

combinecl data the reci:pr·ocal of b=tb .. 399 r~:cal DE/kg live-weight 



igure 3Q8 .. He tionship betweGn DE intake above tenance and 1.re-vve 

gain of calves dur"ing per::i_'JQ A2 

p 

c p 

6 
0 calves not involved in 

0·6 

> 

0 0 

DE INTAKE ,1.\BOVE !NT E ( cal DE/day) 
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Performance 

It is lustra ted P , 3.4. that when the calves 

in group C were changed from the concentrate diet to ture 9 

their increase in i s with time decreased markedly. 

This result however, has limited interpretation a~ 

(i) ~as not a control group of calves fed the 

cone te diet concurrently to the time of change over of 

the two diets, the extent the effect of this change over 

cannot be truely assessed 

(ii) the results ere confounded by a decrease in the 

qu.ali ty of the s supply over thi.s period brought abou~~ 

by the predominant u~e of :pastt.t.re from ddock 29 at this 

+' vl:m.e ~rhis fall off in qualj_ ty was reflectou 

by a decre~lseC. rate of increEne over this pe.ciod of the ])IV: 

inta~e of cal7es fed pasture (group P) - see Fig. 3.4. 

To assess the e e~t of the feeding of the concentrate 

diet to the ca:Lves in group C during period A2 on thc~ir 

of ~dsture, the pasture 1ntakes ~xpressed 

in absolute terms and ~lso relative to metabolic body size of 

the caJ~es in the +wo sroups durlng week twelve were compared 

The results are presG~ted ,.,,.., ' ] J, "l 3 J..aO •• e __,. _ e and show that 

providPd allowance was rna fo1· the ve weight differences 

retween the calves tn the two groups, t~1ere was no s:i.gnificant 

difference in the intake of pasture between these two oups 



3.13 .. ]Jaily intake of pasture ssed in 

absolute terms and relative to metabolic 

body size 
3 (k- -:;-) \._"'- g<-t ' when offered ad bj~tv..m 

--------~-

to calves during the tvrelf week of life 

se of difference 

and proba bilj_ 

Group of t~statistic 

c p {+) \._ (P) 

) 2~ 6 0 .. 121: i(-

( ) 82 4·7 4·. 8'7 lS 

'rhP J.ive-weigh"t; changes of the tvro groups of calves 

du:cj_ period I3 are Sll.mrnarized in T::1ble 3.14 .. and :E'ig... 3 ~ 9. 

A-t; no t dur this pe od did the difference in 

between the two groups diffe~ significan~ly, 

result; in the di erence in live-weight established whan 

the calves ware twelve wee~s of age be~ng ~aintained 

throughout the period of meHsurement. 
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TABLE 3"14~ Dai.ly live-weight gain of ca1ves during 

the period of age of 84 to 303 days 

they were grazing pasture 

se of 

Period Noo of Group:.:; differe::1ce 

of (days) calve.s c p (.:t) 

12 - 2 113 14. 0 62 0.,54 0.,'10 

12 0.,83 0~78 o .. 27/8 ·~ 
·1 128 I 

~l r7 /c~ 
I I --' G/1Cl 150 i 1 Ov81. 0 82 0.04 

7 /-' 0 
'I L -·· 1 1 193 11 1. .,()( 0.,97 0.06 

'19/1 12 220 11 0 6l 0.,56 0"''10 

9 0.,35 0.42 0.,06 't5/1 6 I ' 303 ., 

over all 

'i2/8 ~· 

h ,., 
.. .); .) 9 0 .. 65 

nn significant differences thj_s table 

-------·----·---

* Ave of calves at end of od 
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J?igure 3 "9 .. 

Group C 

6. Gmup P 

Group mean live-wej ght cha.ne;es of calvC::.:s od B 



Tb.; mean retention times f~r the two diets ave d 

over the four calves 1 are given ir.:. ~rable 3.,150 The 

difference between the two means was not significant~ 

average cum:mulative curves far the two diets are given 

Fj_g& 3 .. 10<> 

:rABLE 3 • 1 5 ., 

Mcc3.:11 rete11tion 

time (h) 

Time of retention of undigested residues 

of the pasture and concentrate diets d 

during period A2 

Concentrate Past-u~·e 

se of differenc 

and probabili 

of t·-statistic 

(P) 

3 .. 9 NS 

Af: the staini:ng method extract::; soluble ma te:r:.·iai and 

removes small particleo from the diets, the stai~ea diets 

were analysed for their content of acid detergent fibre 

(cellulose + lignin) to assess the exte~t of this extr~ction. 

These results, compared with the acid deterge~t fibre cont8nt 

of the corresponding unstained diets are given in Table 3o~6., 

and a large difference notRda 

/ 
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Acid detergent fibre (% of ) of the 

Acid detergent fibre ( % of ) of 

Concentrate Pasture 

Ur.stai.ned 



G C 

6. Group P 

82 

L% 

/ 
/ 

j' 

~I 

A 
/ 

/ 
/~ 

1 

TIME AFT FEEDING STAINED DIET (hr) 

c~rve of e~ore ion of s-eed r·esi 

()f the two stain<"·i diets by calves 



Tbe dual and group m8ans for the time SJ)ent 

and. tbe s rece.; ei r the 

cone ~:\ o-~~ pa~s diet are below ble '-' 

3~17 Individual and group means for the feeding 

~"'-~-·-~~-""·-

Group c 

(Conce t 0) o~ 

behaviour of calves aged between six and 

eight wee rec a diet of either 

concentrate or pas 

T:im2 spent in 
No" of 

~------ ----­Hu.minating Calf rec s 

Noec /animal (h) ( ) {h) 

{ 1 5 3 "13 0.,16 

13 9 ){?10 0., 13 

3 17 

'\ 
I 

"""'-""'"·~-------- --------~------

Group mean 3 .. 12 0.,14 6 .. 58 0 .. 31 
---~-~ 

Group J? 10 9 6b64 0 .. 34 

( ·e) 12 9 6e7 J 0~29 0 .. 30 

1 4 " 6(>o69 c. 0 .. 29 0 .. 35 
--------------··-------

Group mean 0 .. 33 

Owlng to the limited data, differenc~s between groups 

in fee b our were not te ed stati~ cally 

However~ it is obviou.s that the calves receiving pasture spent 

conside eating those r.:;ceivi cone en te 

en rly s:Lffii 



The distribut-ion of the eating ruminating and 

rest activ:L ties of the calves the day is given 

The results demonstrate the periodici of 

these activities, eating being more predominant 

more at night. the day 



( b Pasture 

TIME OF 

Rur.:inating 

.0 Eating 

2100 

TIME OF DAY 

0 i 

and resting activities of calves 

throughout 

85 

0900 
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DISCUSSION 

4 '1. 

es 

t;he present s·t~1~dy cabres \vr::ore weaned onto eithe.r 

CC)l1C.c:;YJ e or pas -;:;· were f r.veeks old and 

the perfoi~ance for the Srjq1)!::~nt; e we was 

:i.nves-t:i.gated 0 ·rhe results str~ted tha-t during this 

post-weaning pe od, calves receiving pasture had 

si ficantly lov,;er DE intakes and li vc:-\ .. Jeight r~ai.ns 

cm~ared with the calves receiving the concentrate diet (3ee 

~.'&ole 3. 10 6) This resalt is in agreement with results 

obta.inecl "by Spedding et al. 1963)~ Brown (196'r-) 

n lambs ::nd Gleeson (1972) with ca2.:1.rc"'s. 

It iz: unlikely that tbc· 1ov1er intakes of the cB.lve::5 

J::('"Ceiving pasture compa.:ced with those receiving con~~entrates 

. . 'b a.ur :-<.:.ng 1~ 1.e p o aning period could be att~ibuted to the 

pre-~~aning management. The pre-weaning management of the 

calves reE-:ulted in both groups having si:.Jilar moan DM in.takes 

and live-':Jeight ga:i r1s fer the pa ocl (see ·:rable 3.?.,) ~ 

C['his res1.J_]_-G \/iG.s orcant· in t vie~ of the discussion 

section 1.2.3.3. an the effect 2f the level of intake of solid 

or.: 

perior_L 2'he ot r o:ctant lJO t 

about th~ pre-wee~ing management was that the calves gaj 
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e en.ce eat their re ctive post-weaning diets or 

This avoided the possi lity that the 

difference int of the diets fed during the post-

was influenced by or :~~,::peri.ence of the food~ 

~:hat the or ence gRined with a food affected the 

subsequent lntake of that food by calves was observed by 

nn (1 - \ ) - see also section 1.2.3.3. 

The initia.l vJei s of the calves in this study, 

d from 30 2 to 43. , did not have an influence 

r:;:1 ·the s qnent ormance of t calves during the 

riod (see Table 3.9.). This r:es:.'.lt suppo:r:ts 

observ ions of ce Pearce (1965) Dmries aJld 

( 196'/) (1StS9) see section 1.2.3.1. 

In the present experiment the grow·;,h rates of the calves 

receiving pasture fu~ring the post-weaning period were similar 

to those obtained by eson (197::::); namely 0.31 a:..:.d 0.37kg/ 

day respectivAly. Both results, however, were lower than 

tbnse of Longsdale and Tayler (1959) w~o obtained growth 

rates of cnlves reo<Jiving pastu:r·e in the order of 0. 5kg/dayo 

~:nis cii.ffereiJ.ce :Ln grov1th rate tna;i have arisen through the 

c2.:::..ves, both in thi~ present eXj?e;ciment and that o.: Gleeson 

( "'1(7)7':?) ~ . . ~ ' . ., ~ . recclvlng cue pas~ure lnaoors: reas Longsdale and 

IJTayler' s (1969) c3.lves grazed pasture. It; is well knmvn 

th ~~ cal~rcs a-a Se C~J·\re ~r~7e~s ("Pod~son 10rQ~ ~nd l·~ may _ ou vc;.. .!.'v v.. b-C··-" .L "- -6'· '--'~ _;Ov; o. G 

havr~ been the £eduction in selection caus by sta:i.l-

feeding the calves cut pastur~, did not allow the true 

potential of pasture as an early-~eaning food to be realised. 

receiving pasture in the pres ~tudy of 0.31kg/day was well 
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belov; the nt; 11 for dai repacement stock of 0.45 to 

0.55kg/day ( e 1956; Crichton ~;:.:t:; al..:..~ 1959), this 

study doe.3 n0t neeessarily discount pasture as an early-

weaning food for s type of stock. 

The r:wan rate of the calves receiving the 

concentrHte diet of 0. 58kg/day iNas below expectation., as 

s onto a similBr concentrate 

diet~ obtained b rates of 0.77kg/day. Tb.e difference 

may have arisen through the calves in the present stu~ being 

subjected to 3 pre we eding reglme of restricted 

concentrate and li~it1 rn it '!VaS 

illus~rated in T le 3.8. i:.he calves appec.~red to have a 

gr-:ater ahility to take in concentrates compared with pastt!re 

d:u.ring the pre-wea;·1 period, it is likely that these calves 

would have had a lower DM intake ~he~ if they were being fed 

3S did Khouri (1969). 

re~ulted in a difference in performance in view of the carry-

ovar effe~t of the pre-weaning illanagement on the post-we~ning 

pe orm~nce (see section 1.2.3.3.). 

intak0 of pasture compared -,vi th 

concentrates d~~ing the pr2-w~aning period, when the calves 

were offered both diets, was not re cted in the rel2~ionship 

between each calf's intake of concentrate and its intake of 

pasture (3ee page 69). The estimate of the regression 

(.! O(:: 1~ i"j_ ci for s relationship was -1.059 which 

sug;esi:; that the ca1ves Sllb ituted pasture for concent :-ates 

However? tbis interpretation must; be 

at c:f c 

interval 2ssoeiatcd with estimat~on of f3 ·. 
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Lj .• 1. 2. Di 

The results of the post-weaning digestibility 

demonstrated tha~ DE content of the pasture and th8 

concentrate diets fed to the calves over this od Vlere 

very similar ( see Table 3.4.). This result suggests that 

en the ca s' of the pastnre 

concentrate diets did not ar1se from a difference in 

digestibi1i be en the two diets. That the difference 

in int could not be expl.ai:ned in terms of a difference in 

digestibili betY:een the ets is not 

Raymond ei')69) has pointed out that a general relati0ns n 

and uigestibility is a too simplified 

Fu:rther, Montgomery and Baumgardt (1965b) 

sug;ested that the relationship be en intake and 

digestibj.lity may differ according to the physical form of the 

diet and ~ts density. 

Tho calvesi ability to digest the pasture and 

concentrate diets developed early. T~i3 was demonstr~ ed 

by the hi c0efficients of 

di0t fed duri~g the pre-we period (see Table 3.3.) and 

also by the absence of any significant alteration in ~he 

DE coefficient8 be en v2rious sub-balan~e periods 

'1'his confirms the result of 

s develop the ability to 

sol food ctt; a early agee In the present 

study the c ves were tvw 'Neeks old and h3.d been receiv~.::.1g 

011e v1e lity study sta~~ed 

slightly ' . , nlgner digestibility of t-;he p 
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det d Vli th c arod with that of the calves 

(see Fig. 3 1.) was prol)ably~ o.::;soc i d \Vith e differe::1:t. 

levels of feedj of the tvvo oups ::mimols as 

the calves received pasture the sheep were a 

ration of pasture suffic t only maintenence s 

and on (1959) and rson, Reid, 3:~son 

and Stroud sheep demon ed a drop in 

di stibility of pasture . .· an lncrease lh intake 

appare contradiction o~ t se re ts is th ti:w 

at ions in level of intake en calves were not 

x~ej~1ec~ted ations in di st ity (see Table 3.5.). 

ling c::md Holmes st t gut c acl 

in determining the exte of the effe~t of· 

level of feeding on digestibility in a particular animRl. 

Also} over the transi tio11al phase of the calf 1 s life ( vrh:l.ch 

period of the present study) 

there is a close relationship between rumen size and D~ 

intake of solid food (Stobo, Roy and ston, '1966; Hodg~on, 

'1 S7'ibc). Pos bily therefore 7 tr~e ratio of the calves' 

intakes expressed as some unit of the sut capacity_ m 

approach a constant. In view of conclusions of 

this be reflected in an absence of c 

rc..,lationship be en t~e level of feeding and the 

digestibilitJ. 

The stm!rlard error::> associated tb the group mean 

digestibilities of the concentrate p~sture diets a~e low 

COllSider:i that this di st ility study varied from th~ 

that the ivcake of food of the experimer.;.+;al animals be 



maint d constant over the ent period of the tri 8. 

situation ch vtas impractical +' ,.., .. J'"'l 
-L ,J..L the ose of s 

·exp fP1;o ..... ...._~v en calf 

\'Ji th est te the of the cone te diet s duo· 

mainly to a low value associated th calf 5 (see Table 3-~·.) 

~Phe rec:u:;on for s low is knO\vn, although the 

faeces of this p icular calf had a distinctive pu 

smell, not present 11 other calves, perhaps 

i.ndicat;i a possible di stive scrdere 

above e anu 

od 

A highly signi car/c rPlationship, using the pooled 

cl.atG. 9 bet:;;veen DE intal::-e above maintenance ancl li ve~1veight 

ab:Li points which arise 

this analysis. 

(i) ThP fact that a cor:unon r:::;gres.:;ion line can fit 

de::; c a frm., be .st th the tv:o d:i.ets 

·"'ore 1.rcilized wi t;h eqt1.al effie y in preDating live-wei 

gain of the calves. This again highlights the fact that 

impo~~ant difference be en pasture ancl concentrates as an 

early-weaning food for calves is one of intake and not one of 

quality, 

(.u.) good.fit of most oft data t;o 

regression line would suggest that the relativH difference 

po3t-·\\e 

.L ,, 

eriod 

s of c yes ·"' 

not c to 

by a relBtivc d~~ference in gut Iill between the groups 



The greatest ation from common re ssion l 

occurred th the four c2,lves used 1n the di stibility 

study. Whether this was c idental or not is debatable 

however, it is of erest that e intak0s of three of tl"J.ess 

four c s sen ted i akes for their 

respective groups. Althoue;h it; vias concluded in section 

4 e. 1 ~ 2.. t:l.Lct variation the tekes of the calves did not 

have a significant affect on tbe digestibility of the diets 

fed, extreme manner in which intakes of these three 

cal\;es atEd from the mean have resulted in some 

e ffc~c c vn the d i_t,estibility of t rrhis would ho.ve 

made it erroneous to apply the mean digestibiJities to 

calcu~ate the DE intakes for these calves. However, whe er 

this was the major cause for the m d variation of these 

values :Jr whet!)er it wa;_~ clue to ~ fill factors or other 

more obsc~re factors is mere spectulation. 

As stated in section ).4.). the reciprocal of tbe 

regression coefficient ( 1/b ) gives an estimate of the DE 

requ:i.rel·tl·3nt fm" the live~weight e;ain of the calves over tl::e 

po oniflg period, when using 

/day as the est~mate of the calved maintenance requirement 

( Jo1.-,,c "ll '10,--,r') 
t J.JL •-· ~~ ~ . ) ( C • In tlLi.s present study the DE requirement 

for grovrl:;h vvas calculated to be 4-.399 Meal DE/kg li ve~weight 

gaHl • s Johnson (~972) did not publish any figures for the 

..::alvc::s r·e ts fo:r' grovrtt. receiving a diet of solid 

food, it was not possible to c are directly the value 

obtainefi in this present study with his results. 

calcu1 ed in s prese expe is an underestinatio.n 

of 11 true 11 value. This is ~ecause the calves' absolu~e 
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live-weight gains over this period are confounded by 

concomitant increases in gut fill. This increase in gut 

fill i3 illustrated by the results of Roy and Stobo (1963). 

They found that the weight of the contents of 

aliments.ry tract increased f.rom 6% bcdy weight when calves 

t.bree wee~;;:s of aP~e were recei vin£r a liauid diet. to 2'71
7{; ancl ... _: u ~ ~ 

not less than 11% of bocly weight when calves tvrelve weeks of 

age v1ere rece respectively a roughage or a concentrate 

diet offered ad libitum c The calves were weanocl at five 

week::: o.f age. 

3ehavionr 

~he present study confirms the results of other 

peorles 1 work, summarized in Table "1.1., that calves 

~8ceivins pasture spend a considerable time eatjng and 

ruminatir:0. Calves receiving a concentrate diet, spent less 

time eating and ruminating per unit DM intake than calvee 

recelvlng pasture (~able 3.12.), with ~he greater difference 

occur.:cint; with time spent eating than raminatingo 'l'~W 

unexpectedly hlgh ruminat:i.ng times for the calves 2eceiving 

the concentrate et was probably because of the small 

amount of pasture fed ( 8 - 100;6 DM intake) alont; with the 

inclusio:" of 10% choppe(J. hay in the ~..:oncentrate di2t G 

l.n view of tb.e probable i1nportance of orophFl.ryngeal 

factors in controlling the intake of solid food by young 

ruminancs si10rtl~r after weaning (see section 1.1, 1.), the 

possibility ses that the difference be en the intake 

of conce~trates ancl pasture by the calves in the present 

study may have been att~ibutabla to the calves having to 
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intake when receiving pasture thKn when receiving 

concentrates. This would operate through oropharyngeal 

factors placing a.n upper 1 it on the time the calf is 

lling or able to eat and ruminate. Therefore because 

calves receiving pa must spend a longer time 8at g and 

r"Llminc::tt t Df1I intake compared with those calves 

recei cone tes, they will reach the limits imposed on 

intake by the oro,ohe.ryngeal facto.cs a lower intake, cmr.pared. 

with those rece corlCent:rates $ 

t.enti on rf1 of the Concentr·at·3 and Past1n'e D 

The results of this study would suggest that the 

undigested residues of the concentrate and pasture diets spent 

long time in the gut of the calf (Table 3.15.). 

However, in comparison with the results of various other 

workers (see Table 4.~.) two imrortant points ari~e with 

regar~ to the results of this study. 

(i) The mean retention times of the two diets in the 

present stu~y were considerably higher than the results of 

other vrorkers. Furthermore, it must be pointed out that 

the mean ~etention times in the p~esent study were 

undPrestimated, as ~here was still a considerable amount of 

coloured partie o present the last faecBl sample th 

each dietc 

(ii) 

the t;vw di.ets. 

resuJ.ts of ~rap 

., 
' mean retention times 

s vwuld not be expected considering the 

a and Davey (1970), altho~gh similar times 



Ca 

Mi 

cow 

TABLE 4.1, Comparisor: of mean retention t:\:nes of various ts 

a11 en.tion 

Diet e 

-------------------------~---- -~----------

o Ccnc 

Dried 

2 wee 

age 

s ure 

Cone 

rates 

L fo:r·m 

Ground pelleted 
!! t! 

form 
oelleted 
'· 

I content 

I 
II 

~ !' 

es 

68 5 e 

on (1971a) 

51 
') J 0c;. 

on (1971c) 

3,2 

2¢9 
2o6 

a 

(1970) 
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rumination for the two diets (see section 4.·1.4.) may give a 

clue as to the reason for the similarity of the results. 

Vlith regard to the technique of using coloured 

p icles as a asurement of the mean retention time of 2 

diet, lis /,-1 on \ 1 ) seriously que ion the 

si 3.nce can be attached to such flow data 

mea ew of the extractive nature of the staining 

ex.teiLt of th~_s extraction of the coloured. 

particles used the sent study has been illustrated ln 

Table 3.16. relatio~ to the acid dete 

compone , the two sta diets bear little resemblanc,e to 

the nal ref'· ore vievv of the tude a.jJC1 

the s 1ari ty of the mea.n retention tiJJ1e B of the t NO diets, 

it is e writ~rs' opinion thRt these two stained di.ets 

traverse~ tte gut in a similar manner and relatively 

:Lnd.epc of etary :influence 

Hmvever ~ if one assumes that t;he data are correct and 

that they are a true reflection of the mean retention timos of 

the two diets~ then the fact that they were similar does not 

discou:ot t:; possibility ll factors were a 

possi e cause for the difference between tbe calves' intakes 

of the This is becauss, al the residues 

of the 0 j s spent Dn equally long ti:I1e in the gut, 

P a "' +-,1-,~e "'e.:; .r ·~ l ~J s s a'i el" sa ·~:-;g. Dl71-.''·/_,1 4
..L. +- I'e) +: b!.!'l.L''i cone er~.tro.·Cl +-v e s 0 v ~..L - ' lJ - ..L .L ::0 ~ ~ ~ " e; '~~ - - - v v -~ ~ '· -

(see occupied a gre er volume 

per e;ut for that period of time o. 

Thus if t;ut .fj ll factors were important in controlling tl.1.c; 

o ... "(ISS [; ClYJCl 

the mean retention t s of the , " l 

c1:1 e-cs were similar, 
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because pasture is less dense than concentrates, the calves 

would have reached the limits imposed on intake by the g~~ 

fill factors at a lower DM intake of paDturo than of 

c oneent:cat: e s G 

Concentrate to Pasture 

A decrease the live-weight gain was observed w~en 

tbB calves werA changed from a predominantly concentrate 

diet to pasture alone. Unfnrtunately this part of the 

trial was confounded by a f l in quality of the pastu:r'c 

st~)p , as has already been discussed in section 3.4.4. 

The results ho~ever, are in general agreement with Khouri 

(1969), Slade (1972)and Gleeson (1972) who also observed ~ 

drop in performance when. calves, at a -comp<:-J.rable age to t::.ose 

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

·La pastur<:J. 

S":ir_~.e cc·npa.rison of the voluntary inta"b;:e of pasture 

of tr~e t·,·.:-:) t;roups of c;alvc:s dr:.:-ing v:eek 12, indicated -~~1at:' 

the intak·e of pasture was ,naffected. by the post-·weaning 

treatments, provide~ allowance was m3de for live-weig~t 

differences (Ta~le 3.13). That is, there were significant 

differ·ences i•l. in~;a.ke betv;cen the groups, b"u.t these were 

consi.stc with the differences in live-wei~ht. ~I.' his 

result i C· 
··-0 th the results of Longsdale and 

Taylor (1969), Gleeson arJ.on and Everitt 

a:r1d pe s p s to the fact t compensatory 

duri ·:.:;[Je recovery pe od in youn,:s calves appears to be l0ss 

likely c~ bulky foods such as pasture, where the gastro-

intestinal tract limits ·n68' I'J' )•· 



no durlng the pos·i::-experimental period \vhon· 

the c s of both groups were treated similarly and were 

grazing pasture,werA there significant differences between 

the rates the groups of calves (Table 3 14.). 

lus ed re the growth curves of 

the groups of c s over this period were parallel, 

resulting in difference establish8d live-wei t, when 

t;he c ~ve s ~vcre lve weeks old, persiating throu~1out the 

pe1 Thid result is in agreement wjth 

gsdale cmci rr;':ly·· ·1 er ( ...,1°69' __ ........ -'- ' ./ /} T.'"re>p·i ·i-·f- (1072) J.....Jw -~J..V.J / ') 

ardon and Everitt (1972) and adds further 

Sl.;.pp ~.:o the ex:L evidence that calves under-fed from 

an c::1 age ll not comuensate ~y gro~ing faster duri 

the subsequent period. 

This present study is in nontra diction to the ~esults 

of Davey ( ··1 S62) se ca1ves co.::-:.pens8ted to some deg.1·2e for 

e:: rc tion in growth rate wi n this twelve week pe cd. 

ensation came no~ from an increase in growth 

rate of the c G fed a lower level of milk, b~~ from the 

~rowth rate caused by we~n1ng, being more 

pronou::1ced tho~e calves receiving the higher level of 

;:,; have been brought about b:{ the lower-fed 

calves bejng ~ore adapted to the past-weaning diet; namely 

re 

t;o intake of pastu~e in response to weaning 

~t;ban_ t higb d calves which would have taken in less 
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pasture prior to weaning. 

It is unlikely that young calves receiving pasture 

can truely compensate for a peri of under-nutrition early 

in life (:1ssum:i all calves, irre ective of rear1ng method, 

are equal adapted to the nasture dist~. This is 

because Hodgson (1968) has demonstrated that over the p od 

of ag0 of three to s months, the v~lunt alec of pasture 

by calves js controlled by gut flll factors. 

This means that over this riod the intake of the caJf will 

"be bro 

r;_•hus the lighter calves (represent 

l not able to exLibit enhc:mcecl e ing relative to 

th0se calves which are better fed init~allj~. As enhaneed 

eating following a period of under-nutrition is the main 

mechanism of compensatory growth ( lden, 1970), obviously 

able to increase their growth 

rates rel~tive to the heavier ones. 
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APPEHJJIX I 

He ssion of energy content of oven-~-dried ( '." )' e ceEJ ~ .. 

on energy c ent of eze ed ece (X) 

b 

--------
CLO 8 0 899 ,04l 

p > 5 

Analysis demonstrated t the ffere:nce betw·een e 

oven-~driecl a .freeze-dried cal conten.tr\'!ElS 

thin the accuracy of the Bomb Calorime er ( ) " This 

indica~:es t the di . . , 
eJ:--er1ce ll1 "t11e of a 

vvlwn de :~mined by these two methodst ws.s due mainly to 

inadequate drying by the freez method nnd not to a 

loss nf energy-yielding material with the oven-drying me~hod. 

In conclusion no b s ~as in eel ilLto the 

analysis by using the freez~'J···driecl faecal samples for the 

er1.e te tiorw while c cula ·r; 
_,__, 
Lol1e content 

the t~1e oven-c1rie d samples~ 



APJ?ENTIIX. 

Me teo gical ta 

July 
·-~--· ----~~--... ~ 

s ( 72 5 'i9 1 1 16 

11,8 14--8 12o5 

(nWL) 1972. 39 .. 4 1 o·J 4 77 7 

.30 yea~c 8~ 96<>5 81 .,J 88v9 

re (DC) 972 10 4 6c7 8 0 
.,) 7 8 

30 ~rear e 11~0 8 0 8.0 ~~ >0 

. ----- -~--- -----

month of June l:ad above normal ground frosts and 

he low nor.r.1 8.l raiJlfall; a comb ina ti.on which lecl to a reduct:! on 

in the growth r&te of paddock 30 b2low expec tiorr, over the 

period of trial, nece s;si need to use other 

padcloc 



ATPENDIX 

The use of one-day lag ver~~s two- lag 

calcu.lat apparent digestible ene 

of the diets fed during eriod 

day 

( ) se 7 4.,.1 75 73e66_i.O r-( G 
Group C 

cv·(,~~) 
\ . . 4~52 ILG1 

se 75o] "70 7 4~61 c72 
oup P 

cv(;t) 4e15 4 ) C) 
.,.. _)L 



ArPENDIX IY 

The effect of the age of the calf on 

the e.pparent digestible energy of the 

two diets fed during period A2 

Analysis of' variance· 

Sou .. rce d~ e.f 0" 

,._, c< 
l...,J 0. l.) 0 &s f.l C• b. I' 

Periods(Age) 3 20 . .,.16 6 .. 72 0~606 N3 

Diets 1 14:,.47 14 .. 47 1.,.305 

p X J) 3 30~85 10~28 0.,927 •. ,q 
.L. .. h.l 

Er·r~or 32 354 .. 86 11 .. 09 

Total 39 420e)4 10.,73 



v 

(a) ar1d eff'e cts on tL.e 

ene pas e fed "d A2 

~;is of variance 

Source (I .o 
v.. (7 .L 0' s,.s.,. s 
-~-.. --. 

Fe ( ) 3 4th 61 I. NS 

Calf 4 39"3T 9"84 L.H)9 

Brr0r 1:2 101 00 8'>42 

TotaJ 19 1(34 .,.g.S 

----~·-· -------~· 

(b) C3.lf and age effects on t}·:e apparent digestible 

energy of cone te et fed. pe od A2 

;_ualys>is of vari~mce 

Source defo- S~Sc·· P:::ob., 

Perio (Age) ' :> 

Calf !I 
'i-: 

Error 12 

Total 19 

171.".88 

42 .. 62 

220,.89 

2 .. 13 

4,2 .. 97 

) .. 55 

11. .. 62 

0 .. 600 

12 .. 067 

NS. 

F 



s,. ave:'aged over 'Ne p o P of 

Divi Age d ' ( iJNC~p ) \ ....... ..., 

( ) 0 3 s 2 4 5 6 7 8 0 1 ··' 
----~--- ----------------------------~------------ ·~-----· 

se of 

c 

p 

-1- \ 

l: 2 i 

0 .. 079 0 .. 246 o. J, 0 .. 807 1 "134 4 1.653 1.714 1.66 

0 0.,.2 

0 .. 025 0¢'0 
-----

0.445 0.688 0.9]0 1 -'1 ' f. .) 

-----·-·------
0.04~ 0.077 0.110 o. 4 0 1 
-~ 

1 12 

1 2.. 6 

0 '! 0 12 

-----·--------- ·----------



APPET4JJIX l 

Group mean daily d over 

wee pe ods, of calves d 

Age d ( Wf; i 
I 

( of calves in 2. 3 4 5 6 7 8 9 10 11 12. '· 
----·--~· ---

c 5 14·e.9J 2t.: .. 80 4-3 .. 6? 58¢.23 69 .20 75 84 74· 7{7 69 .. 7 4 75 82 

D 5 32 1 ~- r) h 26 ... 33 38.96 50e90 59 5 68 68 6 70 37 7 3 •. 50 82.,50 .>. :) <>L../ 

_____ , __ 
------·--~~.,-.--

( e.6J 
..., .-, 

2 ... 77 4.47 5 36 r 5 3 6 5 5 sr:: erence c.. 0 0 

-1- ~ 2 u I ( ) signi can't re te in this e 

------~---· ---



Group mean live-weight of calves d A 

of Calves ( 1Ne ) 

2 3 4 6 8 9 l 12. 

(· 39 0 n 
v' I) 7 47 .. 5 50,,8 r.; 6 58 r 

'~-3 ') C"J 0 72 ') 6 
. 

j :: 0 . .) I ,_ _) 

:J "'\ ., 
.~ .) ,) 

-. .., 
~~ :; r~ 

,, :::;, (3 0 r.:; -~- c:; -o () .5 ~·) I I t:: () ~.' 

"' .;'' .? _, _.;! _, .... /P o../ 

----··-·····--~·---------

e(+l 1 ... 4 1 "'3 1 "5 1 .. 5 . 2 ... 0 1 5 4 1 

( 
"---- ---~ ~-------_-/ 
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