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INTRODUCTION. 

X o1tl1Ar, gl'Owt h of clairy «nhes is tlesi rrd whether th e obj ect i:; to 
rear stucl ~tock . 01· to produce heiiers fr-0111 grade cows for the purpose 
of selli ng or usiug them as replnc~ment material in a con11nercial 
h e1«l. 

llerd impro\'e111cnt Niil be uchievell onh- by systematic breeding 
and th is involve:; the rearing of normal healthy cal\'t>S ont o( t he 
lwst <·o ws, whie h 1111\'e been sired by a we ll selected, p111·e bred bull. 
'! ' ho full Yu lue of' th is s.rstem of herd improvement is not obta ined 
when the progen~· of good rows is sold and lost sight of, slaughtered. 
0 1· not reared to the best ndvu n lnge. l!'urtbermore , as it is more 
th un likely tha t re~tri ctiou s against the se lli ng of <lai ry pl'Oclu"ts 
from u nclean herd~ will he exteoded, it is important thllt cah·es out 
of good milking" herds fl'l'e from clisease, surh as tuheculo~is and 
!'Oil tngious abo rt ion , shou l<l be we ll rcn rncl. 

Breede1·s of pure bred dairy stock are, ge11erally, well ''ersecl 
in methods of rearing c·al\'eS, but it may, in <·eitain instant·es, he 
fou ncl possihlc to rrcluce the cost of prorh wtion by econonti«nl mPthocl ~ 
without inhibitin ,:r norma l growth . 

Dairymen who sell C'l'ea111 and who liave skim milk :\\·ailahl .. 
are in the most f:woumhle position to rr nr calves, as tho s upple men
ta r.v feeds re4uirecl in conjunct ion wit h skim milk can either he 
grown or be obtained at reasonable prices. lt would he -or interest 
to such clai1·ymen to k now wh at s upplementa ry feeds :i re most sui table 
nnd what quant ities of 111 ilk a1·e requi re(!. A surpl us 0£ s kin1 milk 
rnay mean either the reoring of more cnh-~s. or the undertnking of 
another enterprise such as poultry or piirs. 

Dairy m<'n who sell whole 111i lk a re in a much less fa ,·ourn blc 
position to rear ('l\h·e.-;, u~ the prir·e ohtaiuecl for whole mi lk does 
not warrant it iwrng useil for 1·111r :-earing; con~equently, the cah-es 
:ll'l' 1lisposccl of "~ ~oon n~ pos~i hle . H owever , c-ah·e~ mny he su ti s
foc-to ril .1' J'~a 1cd cm a surprisin g-I ~· ,ma ll q ua n tity of whole mi lk. 
p1m·i1led suitable •uhstitutes an• Jed. 

'1.' he buy ing u p of ca lves fro m dai l'.vme n who a re unable to real' 
t he 111 , ~hould altrnd .. ousidern hle attrnt ion: this should proYe a 
lunati,-e enl<'rpri,;e when c-ah-.. s out of g'Oocl healthy herds <'an ht> 
ohtni nerl 1111 <1 t he art of 111unagement and feedin!l' is understood. '!'he 
ln1·g-c r eit .v 111nrk t>L• jtenern lly hnYP 1:ood suppl1e~ of ~u i tabl e dai ry 
rah·e-;, hut th e difH<'ult.'· one! thP 1·ost or trausportinir ralves only n 
fe"· days old for long di~tnnce~. nre the handicaps in the <lcYelopm<>nl 
of t h i~ enter prise>. 
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REARING J)AlRY CAT.v ~;s . 

HISTORICAL SURVEY. 

'l'he rearing of calves on whole milk only is too costiy ao u nder
taking; consequently, all methods of hand-rearing calves aim at the 
use of a minimum amount of whole milk, which at first is supple
mented and subsequently entirely replaced by skim milk or meals. 

In spite of the £act that whole milk is a complete feed for the 
young calf, it is inadvisable t.o continue feeding milk alone beyond 
a certain period. McCaudisl1 (1924) found that while whole milk 
alone was not a goocl ration for calves, milk au<l grain was even 
poorer, as the grains added so much magnesium tJrnt the calcium 
used in the removal of the magnesium had to be drawn from the 
body stores. However, the addition of lucerne hay to the milk and 
grain ration led to a positive calcium balance; also, the bulk of 
the hay affected a normal distension of the rumen and other parts 
of the digestive tract. 

Otis (1905) states that cows that are milkerl give larger yields 
than when suckling calves and the higher t he yielder , the greater 
the profits. He gives interesti ng clata in comparing the three forms 
of rearing dairy calves, the main featm es of "·hich are presented in 
the following table :-

-

l Number Avcrngo Daily gain Cost per 
E xperiment. of lliys led. gain per per head 100 lb. gain 

I 
calves. hca<l (lb.). ( lb.). in dollaNt. 

I. Skim Milk . . . .. 10 154 233 I ·51 2 ·26 
2 Whole Milk . ... 10 154 287 \ ·86 7 ·06 
3 Running \Vit.h 

da1ns . . . . .... . 22 140 248 l ·ii 4·4 1 

Although the smallest gaius were made by the skim milk fed 
calves, a daily gain of l · 51 lb. is satisfactory; moreover, the cost 
of th is gain was half as much as that for the calves r unning wit.h 
their dams, and less than a t hi rd of the cost of the whole milk 
feel calves. It is stated that t he amounts of grain consumed hy the 
tliree groups were 439, 470 and 475 lb. respectively. 

In connection with the above exper iment, the author compares 
t he nut ritive values of skim ancl whole milk by giving t he following 
table :-

Digestive Nutri&nts, P e'l'centage. 

(From H enry's "Feeds and Feeding.") 

Digcst<iblc nutrient.~ in 100 lb. 
D ry matl<:r 
in 100 It>. I Cnrbobydrates. I Ether extmet. Prot~in. 

Skim Milk .... . .. .. I 9·4 3·9 5·2 0·3 

Wbol• Milk . .. . . . . . 
I 

12·8 3 ·6 4·9 3 ·7 
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L. L. ItOT;X . 

It is poin ted out tha t skim milk is rich i r1 protein a nd therefore 
a good tissue form ing feed; also, that the loss of fat in skim milk 
may be _replace~! satisfactori ly for calf rearing by supplementing 
with gra rn feedrng . 

Although skim m ilk is g en em lly the most p lentiful form of milk 
available for calf rearing, it is well to mention here that other forms 
of mi lk haYe heen t r ied. Ot is, j)J"eYiously q uoted, s tates that cahcs 
may be successfully reared on butter milk. hu t tha t calves thus 
reared are inferior to skim milk rea red en Ives a nd the former· 1·eq uir-e 
more grain per 100 lb. gain. Eckles (1919) states th;1t whey contains 
a bout one-fourth as much protein as skim milk a 11d the feeding of 
one-half pouncl of oil m eal in one gallon of whey well mixed and 
fed as s kim m ilk is ath ocate<l. Also. cahes to lie rea red on whey 
s houl<l be fed on w·hole milk for a t lea st six weeks before being pu t 
on to whey. White ancl Knelling (1919) fou nd tha t :, per cent. milk 
diluted to 25 per cent. di lut ion and feel wi th good g rain l'lltions and 
hay , produced] to 1·4 lh. in gain pPr lmHl pn <lay . but .. nlves tht1s 
feel w·ere not CCJt1a l in appearnn<>e to s kim milk fed cah·e$. 

In connedion wi th lhe qt1auti t ies of milk requi re<! for rearing 
clairy eah·es, :Eckles, pre .... iou sl~· q uoted, cites experi mentt1l data to 
indicate that as little ns 90 lh. of whole milk can be used ,._.hen 
rea ring· calv<'S on $ki111 milk, although generally 200 lb. or mo1·e m·p 
feel. H e states that usual!~· 2,300 to 3.000 lb. of s ki111 mi lk are fed 
and that, while ca l'l'es t.hus fed can be r eared without grnin , i t i~ 
customary to feed up to 150 lb. per c:alf during the fi rst s ix rnont.hs . 

Hunzike r and Caldwell (1916) compared a g roup of whole milk 
feel c:ahes wi tl1 a group fed ski1n mi lk. A s t1 ppleme11 tary home
mixed «nlf meal (containing hom iny feed. l inseerl mea l , red dog 
flour, a11d drietl blood) was fed to the whole milk group, while both 
groups receiYed g round maize and oa ts as a dry mash i n addi t ion to 
lucerne hay and a small quan tity of silage . The following table 
of aYerage feed consumptions has been compiled from thP da ta. g iven. 

I. Whole )!ilk 
Group ... .. . . . 

2. Skim )!ilk Group 

\\"hole 
1nilk . 

2 14·0 

131 ·:) 

Skirn 
1uilk. 

-
2,022·4 

Home
rnixc<l 
meal. 

244 · I 

-

Dry I n1ash. 

154 ·0 

178 · i 

J_.11cen1c 
hny. 

39; .; 

451j · 7 

I Sil•gc. 

40 ·8 

61 ·I 
I 

I n the aboYe experimen t, the average daily gains were 0·95 lb. 
ancl l ·21 lh. respectiYely . '!'he au thors conclude that, for a rntio11 
to he a n unqualified S\ICCl:lss, it should prorluce ar. :werngto of at 
leas t one pounn of gain per da ~r durin.!? the fii·s t s ix months of the 
l i fe of the calf. 

Morn satisfac tory results with meals as s ubst itutes for whole 
milk are mentioned h.v E ckles, preYiousl~' quoted , as having heen 
obtained at the l'ennsylrnnia ancl lCassachusetts Experiment Station~ 
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RE.HUX(; J>.HHY c,11.VES. 

by feetliug a limited umount of whole milk whieh was entirely re
placed liy a mea I in fro Ill ten to fourteeu days. '!'he most satisfactory 
:;ub,t'itu tes c·onsi$ted of: :10 lb. wheat flour, 25 lb. <;ocoanu t meal. 
20 lh. nut1·iun1, 10 lb. oil meal, a nd 10 lb. dried blood. 'l'he aYerage 
consulllption per calf <luring eighty-three tlay$ was 121 lb. whole 
unlk a n1l 18() lb. 111eal. During the lirst six months, au :wemge 
daily g-ain of l ·25 lb. inny be experted with this meal. 

:Bender :rncl Ila rtlett (192!)) repo rt J.00 pe1 <:ent. uormal heigh l 
a nd 101 ·2 pet <:e nt. normal weight in 1·earing dairy 1;alves to six 
mouths of age witho ut the use of skim milk a ncl t he feeding of u 
limited a uwunt of whole mi lk for a periocl of JU clays. During the 
first week, the .. ahes n :ceiYed only wl1ole milk; meal and lucerne 
hny were available <luring the seconcl week ; whole milk redu1;\ ion 
was c·ommenced from the th ircl week; and at the eu <l of the fourth 
week, whole milk feedi ng was stopped and the caht>s were feel meal, 
lucerne hay and wa te... The meal mixture cons isted of: 25 lb. 
yeilow maize 111eal , 37·() lb. grouncl oats, 12·5 lb. wheat hran, J2·i) 
lb. linseed oi l meal , 12 ·5 lb. blood flour, and 3 per cen t. minerals 
(J lh. bone men!, l lb. pulverised limestone, aud l lb. sa l t). 'l'he 
mea l a nd the hrcerne l1ay were fed ad lib . The aYemge daily gain 
in weig-h t was l ·56 lb. and the feed cons umption was 2 · 92 Jh. of 
meal per l lb. gain iu weight. Unfortunately the mi lk cons\mtption 
is not g>iwn iu the repor t of the exper ime nt. 

As previously stated, E ckles (19HJ) recommends that a certain 
amount of J?rnin s hould be fed to skim milk reared calves. Also, it is 
advised that, if maize is the only gi·ain fed to skim milk reared 
ea lves, an nc!Yantageons change may be made as the calves approach 
weaning> time by iu troducing onts, bran or oil meal into the ration . 

'l'he choice of grains to be fed in conjunction with s kim milk 
depends upon their availability and cost . Mead (1929) states that 
the grains, lrn rley oats and maize a1·e well suited for the purpose 
because the milk protein adequately supplements those of the grains 
which in turn furnisl1 the feed "ulue removed in the butterfat. Henry 
and Morrison (192a)' quote the experience of Fain ann Jarnagin a nd 
Cottrell, Otis uncl Honey with grain sorglnnn~, which were consideren 
to be well suited to feetl with skiiu milk to cab·es. Curtiss (1897) 
found pure ma ize meal s uperior lo oil meal wl1en fed wi th skim 
milk as oi l meal g:we lower and more expensive gains. Wande (1928) 
in feeding maize meal and crushed monkey nu ts in cor1junction with 
s kim milk, found that, whi le the ration g·ave satisfactory growth, 
the feed costs were 60 ·4 per cent. of the tota l rosts, ancl he concluded 
that cruslied monke~r nuts at 25s . per 100 lb. made the ration u u
satisfactor~· from an economir point of view. 

'l'he forlll in which grains should he feel to cah es is freq uently 
questio]led. In the work of Otis, previously referred t.o, it is stated 
~ hat, preferably, calf mea ls should be fed dry as , when mixed with 
a fluicl , the salin\ of the mouth is not. given a c hance lo act on the 
starch of the meals . While sl1elled mai?.e may be fetl after calves 
are well sta r·tecl on eating g rain, lrnlfir corn is best. g-rouucl. OLis is 
al,;o of the opin ion that there is no gTeat achani·age in ~d1·ing- a large 
Ynriety of grains to s kim milk feel cah·es. 
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J •. !.. JtOV X. 

·w ith regard to the fee1l ing of ha.vs the nhovp write,. is of the 
opiuiou that, whi le lucerne and r:lon'r bn,v~ a r•' splenll icl for young 
calves. they are too loosening- aJHI !h at tame ha ,1· frolll miirn1I ~rnsses 
is probahl~- be~t . although the forme r h n.1·s s houl<I lw inti odu('ed '" 
soon as 1'11e 1·ah·es c·an pl'opnly hAndle tlwm . 

)!urray ( t!)2!J ) <·onsidf' re1l thP f Pe1l i11g- of h •ft hay satis factol',V 
when the calves were perlll itted lo g ,.n,.e durin~ pal'! of tlie da.1·. 

}hi.rs rnny be fed in various fornts lo c·nlvPs. 'l'he r·Psults of tria l,; 
in whi1· h t he feed ing of <li fferen t l'orms of hu· ~ru P hay was ,.a,.,.iPd out 
at the lhegon State Ag ricull ural Colleg-e (J!):H ) , are i111l i1·ate1l in the 
following- tahle : -

Daily refu..:e .. .... .. , 

Da ily coni;umption ....... . 

Da ily grain con.su1ned . . ... .. . 

-------- -- -

lb. 
I ·0 

J:l ·4 

lb. lb. 
0·2 O·O 

12·• 16 ·0 

4 ·6 .J•:? 

In c:on nectio11 wit h the fec11ing of long lucerne ha~', g-enera l 
obsen-.,tion reveals tha t, provi1led ha_v is fed in suita ble racks, the 
1Yastage of good qua li ty lucer11e hay is sma ll and the wastage 
der· reases as the c:alves p; row olclPr. 

It is of interest to know of what Y;llue niai'-<' si lag-P is in a 1·alf
rearinp; ra t ion . J n t he WQrk of Huuzi ker >llHl C'n l<lwell , previou,;ly 
refPrre.J to, si lagt• was i 11du1le1l in the rations h ut th1• amounts 1·011-
sumed were Yer,y small. ' Vh ite and l\uelling ( J!ll!J) eonsidererl I hat 
the indusion of s ilagP in the rn t ion of ('H h-Ps d i1l not ch ea pen the 
!'Ost per pou ncl p;nin nnd l he~· rPmar ked that, wheu calve~ take lo 
s ilage a t thrne a nd fou r mo nths of ap;P. i t i;; neeess!l l',1' to restrit t +.h e 
a1nou_nts (·on:-:n1ned so as to in,luct• l he111 to eat gra l n \rhic·h has nlot·e 

g 1·0"·1 ng po"·er . 

The fePd sche1l ules followed h~· im·Pstig:lllo•s a 1·p hased upon th e 
feed rPqu irements of l he ca h•es at Ya l'i nus ag:Ps . Sn('h m in ute details 
as rnporte<l hy Hunziker· nnd Cal1\well ( lDHi) nre of inlllw ri se Yalue 
in constnu·ting ,;uc·h sd iedu les. From the clata of thP~e a nt ho1·s . it· 
is poss ible lo eo111 pute the weekly n ut-rit i1·e l'Pl(Ui rPm Pnts of 1l:ii ry 
ca h es at rn r ious ag-es )!u r ray (1929) g:i\'Ps a WPekl .1· feed s1·hedule 
wh il'h was adopted with succe,-s at the 81·hool of Ag-1·in1lture, l'olt-hef
st room. Yaria ti o11~ of this sdi e1lule ha1·e hee11 util i,.e1\ at that :i ncl 
other institutions in t hi s rountry . 

PLAN OF T HE EXPERIMENT. 
A ~nlf rea l' ing- 1•xperirne11t· wa,; 1·on1luded at the Vete r i11a 1'.V 

ll.esean·h Laboratot·y, J•; l'Jnelo. in t!l!I:!. 'J' hP ohject of the i1westig·n
tion was to dete l'lli ine the sui tahi l it ,1· of a 1·ompou 11 1l c·oncentr·nle 
rntion as a s ubsti t ute for whole milk and to 1·ompare Hie results wit h 
those ohhtined from a sk im 11\i lk ration i 11 conjunct ion 1Yith which 
maize was f'ed . 
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RE.UU:XC J).\TRY CM.VES. 

'l'he detai ls of the feeding schedules of the t.wo gl'oups of calves 
for the experimental period of twenty-six weeks are given below in 
terms of per calf per day: -

Choup 1.- Fed Whole Milk Ration. 
Jst to 3rd day: Nursed by cloms . 
4th to 1ih day : 7 ·5 lb. dam's whole mi lk. 
2nd and 3rd weeks: 7 ·5 lb. whole milk. 
4tl1 to 6th week: I 0 lb. whole milk ph1s ~ lb . to 1 lb . grniu 

mixture. 
ith to 8th week: 7 ·5 lb. whole milk plus 1 lo 1:1: lb. grain 

mixture. 
9th to 10th week; 5 lb. whole milk plus l~ lb. g rnin mixture. 
11th week: 2 ·5 lb. whole milk pl us l~ lb. grai11 mixture. 
12th to 26th week: ~o milk. 2 to 4~ lb. grain mixture. 

'l'h<• g ra in 111ixlure fed to Group I consisted of: -
32 lb. fi 11 e ly cr ushed yellow maize. 

6 lb. wheat bran. 
4 lb. peanut meal. 
2 lb. blood meal. 
5 per ceu t. of 2 ports bone meal and J part salt. 

Ha,· ration: Good quality lucerne huy was offered from the 
t hird week. 

GrotLp 11.- Fed Sl.iui, Milk Ration. 

bl to Jnl oloy: Xursl)d by dnms. 
4lh to 7th clay: 7·5 lb. clam's wbole milk. 
2url week: 7· 5 l b. whole milk. 
3rcl week: 10 lb. whole milk. 
4th week: 10 lb. whole milk plus 2·5 lb. skim milk. 
51h week : 7 ·5 lb. whole mi lk plus 5 lb. skim milk. 
Gth week: 5 lb. whole ru.ilk plus 7 · 5 lb. skim milk. 
ill1 week: t·5 lb. whole milk plus 10 lb. skim milk 
8th week: 15 lb. ~kim milk plus 1 lb. ixrain mixture. 
9t.h lo 20th week: 15 lb. sk im m ilk plus 1 lo 3~ lb. g 1·ain 

mixt urc. 
21st week: JO lb. bkim milk plus 4 to 4! lb. grain mixture. 
22nrl week: 7·5 lb. skim milk plus 4 to 4! lb. grnin mixture. 
23n1 week: 5 lh. skim lllilk plus 4 to 4! lb. grain mixture. 
24 th week: 2·5 lb. ski m milk plus 4 lo 4! lb. groin mixture. 
25th week: l ·25 lb. skim milk plus 4 t-0 4! lb. groin mixture. 
26th wPPk: l ·25 lb. skim milk plus 4 to 4~ lb. groin mixh1re. 

The g rain mixture fed lo Group II consisted of : -
\ery finely crushed yellow maize ond 5 per cent. of 2 ports 

bone meal and 1 pa.rt salt up to t ho 22nd week. 
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'!'hereafter the mixture was altered to : -
85 lb. very finely crushed yellow maize. 
15 lb. peanut meal. 
5 per cent. of 2 parts bone meal and 1 part salt. 

L. f,. ROUX. 

Hay ration : Good quality lucerne hay was offere!l from th e 
third week. 

The experimental period of each calf terminatecl at twenty-six 
weeks of age, when the calves were put out on past\1re with no supple
mentary feed ing with the exception of a bone meal and salt lick. 
The period on pasture from the twenty-seventh to the fifty-second week 
is l'eferred to in the text as t he post-experimental period . 

ExPERU!ENT.U ANIMALS . 

'!'he twenfy calves used in the two groups were born on the 
Experiment Station; they were the first calves out of good grade 
Friesland cows by ·a pure-bred Friesland bull. The great majority of 
the calves were bom during April, 1932. 

Altemate calves, in order of birth, were placed in Group I , or 
the whole milk group, and the remainder in Group II, or the skim 
milk gro\tp. 

MANAGEMENT, HOUSING ANJ) EXEllClSE. 

All calvea were removed from t heir dnms "·hen three da~·s oh!, 
after whicb they were continued on their dam's milk fo1· four days. 

As the date of birth of each calf was known, the alterations to 
rations of individual calves were ma<le according to the details of the 
fee<ling schedules. ·when the birth rlat.e of calves varied only by a 
few <lays, the altemtions to their ra tions were made on the same date 
after such calves were about two montbs old. '!'his \Yas done to con
centra te all ration changes on a particular day, the weekly day 0£ 
weighing the calves. ~'[i lk rations wero fed th rice daily until the 
calves were four weeks old, thereafter milk was fed twice daily until 
milk rations fell belo'IY five poun<ls, when milk was fed once daily. 
All milk was feel sweet and at approximately blood heat. 

'!'he calves were housed in a semi-open shecl which was well 
ventilated yet warm dming cold nights. 'rhe pen of eacl1 "'rOUJ) of 
calves was fitted with stanchions for the feecliug of incliviclua"i cahes, 
while a 11ay 1·ack in each pen made it possible to have hay available 
at night to minimise th e tendency of calves eating bedding. 'rhe milk 
and meal rations were fed in buckets to ind.iYidual calvP.S locked in 
the stanchions. 

Water was available to the young calves iu the pens. When 
calves became three weeks old they were let out daily to an exercise 
camp. Clean trougb water was available in passing to and from the 
camp, which was situated about tbree hundred yards from the calf
shed. The camp supplied plenty of shade, no grazing was avai lable. 
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n£AltlNG DAIUY CAJ.V£$ . 

Hay rations were fed in the camp al 8.30 a.m. an cl 2 p.10. daily. 
'!'he accompany iug photograph in<lica tes the type of rack usecl . It 
will be not ited that a wide trnugh was constructed under the rack 
fo1· the purpose of collecting che finer pol'tions of the hay which 
generally. fall thrnugh the sections of a rack; the wide tro11gh per
iuittecl t he calves to clean up the finer portions of the hay from both 
sides. 

Groups I nnd lI.-Calves 4 to 5 nHu1t.hs old in excl'cise ca1np. 

All calves 1•ere dehornecl when approximately two months old, 
and male cah-es were castrated with a Burdizzo at about th ree months 
of age. All calves were tested for tubereulosis when al1out five 
months old; t here were no reactors. No serious illnesses occurrecl 
cl uring the course of the experiment. A few of lhe c>ilves of both 
groups scoured slightly cl uring the earlier part of the experiment, 
but little difficulty was experienced in overcoming this by redueing 
the. rations for a few days and administering lime water . 

As eac:h calf completed the twenty-six wee!i experimental per iod, 
it was passed out of the expel'iment to enter what has beell <·a ll ecl 
ihe post-experimental period. During th is latter period, which 
terminated when c:alves were oue .vear old, the ca l ve~ were turned on 
to pasture and given what was considere<l good farm manageIUent 
wider conditions obtaining at the Experi ment Station and similar 
country during December, 1932. to May, 1933. 'l'he introduction to 
past ure was gradual in that the <"alves were fed a small quantity of 
hay in the morning for the first few days before being put out to 
graze. '!'he grnr.iug was consicfored to be good and ronsiste<l ia rgely 
of " rooigras " (Themedrb triandra.). No supplementary feed was 
given during the post-experimental period, but a a 07.. dose of two 
parts bone meal and one part ~alt was gi,•en dail~._ 

RECOIWJXG OF DA"fA . 

As preYiously stated, alterations to t he rations of individual 
calves were nrnde to 1 onform to the schedule of feed ing >1<'Cord 111g to 
age in weeks. li'eecl-room di1·ections were put out constantly to 
indicate the necessary ration alterations. Any refuse of milk, meal 
or hay was recorded and no refuse wa,5 re fed. 
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L. 1 •. HOl:X . 

All calves were weighed as soon as possible a[ler birth. During 
the course of the experimen t, calves were weig he1l individuully at 
weekly intervals and on t.hree s uccessive clays at twenty -eight day 
inte1·vals. ' ¥ eighing was «anietl out bet.ween G and i (Lill., that 
is before feeding aud wa tering. 

Uwiug to the measuring and photographic apparatus not being 
available itt t he commen~ement of the experiment , wit.her measure
ments a nd photographic records were not ta ken du r ing I he earl ier 
part or the experiment. However, s ubsequentl.' · wither measure
ments were taken flt monthly inte1·va ls wi th a measur ing stick 
gra1luate1I in ceutimet.res . Photographs were take n nt thP ageH of 
twelve and twenty-six weeks . 'l'hese photographs are pre,entetl with 
the text. 'l'be wither meas ureme nts gi ven in connection wi th the 
photograph, h:\\·e been <:onvertetl lo iu .. hes lo (•orre,pond with 1 hP 
scale on the photograph ic frame. 

lluring t he post-experi menta l period , weights of .. ah-es and 
wither measurelllenls were taken at lweuiy-eight da~· intenal~ . 

EXPERIMENTAL RECORDS. 

Dela [!,; oi weekly feed cousumplion b.v ind i,·iduul tah ·es have 
been compi led fmm the da i ly records; such data are pn•senled in 
Appendix C and lf from whir h 'J'abJe, I and 11 o f the tex t ltil\·e beeu 
constnu· ted . 

It will be seen frnw Table I lha t the whole milk fed calves 
consumed a total of 5,:no lb. of whole milk ,;·hic h, for the se ,·ent.,·
four cl:.1.vs durj11g· "·hie l1 the 111ilk "·a~ f«"d, \\' U!' a dnil~· avf'r·ag-e o f 
7· l:l lb. per ca lf. As the colostrum obta ined from the clams ch1ring 
the first t hree days was an uukn lllrn quanlil_y, . the ilu·ee •lay,; ha,·e 
not bePn t.a ken into U<"«ounl in t hP above and s ubsequent similar 
<;alcu 1 a ti on s . 

T be meal consumption of Uroup I from lbe fou rth to the 
,e,·enth "'eek was low, being a daily a,·ernge of o .. -, lb. per c-alf. 
Some of the cah·es took to the i1· me.ti reludantl.v, alt hough nl<'tho1ls 
of indul" iug t hem to ea t the nw:d were adopted . Frnm the lwelflh 
\veek the n1eal " '<.lS consuJnccl eagerly au<I. "·hile th<· a \'Prage t·o 11-
sumptio11 of mea l per r alf per da~· \HIS 4·10 lh. d u1·i11g lhP latte1· 
pa1·t of the experimen t.ii per iod, lhe e11u iva lt>11i av .. nige fo r ihe 
•'1ti ire period of Hit day:<. during whi .. h mea l """' fe1I. """ 2 ·41 lb. 

Hecau:;e th~ ""Ives of lhoups L and II wen• fed hay togPther 
a n1l as there wen· somt.> differences in the ages of the eah ·es, a11 
anal.,·sis of the lu\y COll 'lllllption similar lo tha t made fo r othe1· feeds 
would hf' m isleading. Group I <"<>ns umecl an :n ·erag-P of !l·15 lh . 111" 
lurerne hn~· per eal f per da.v during rt pPriotl of Hi8 <In~·~ . 

The feed consumption of Group II is gin•n in Tahle ll. 
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Experimental 
Poriodl. 

1st to 3rd week ......... 
4th to 7th wook ......... 
8th to 11 tb week ••...... 
12th to 22nd wook ... •.• 
23rd to 26th wcok ...•... 

Expcri1ncotftl 
1i-0riod. 

ht ro 3rd week ....... .. 
4th ro 7th week ........ . 
8th to 11th week .... .. .. 
12th ro 22nd week .... .. 
23rd to 26th week ...... . 

'fADLE 1. 
Urouv 1.- l!'ccd Co11smnption in Pou11ds. 

Wholo milk. I 
1 

Total. 

-
130-l ·G 
2.;95.0 
1372 ·r. 

-
5210·0 I 

I I 

-

I o. Wheat Peanut Blood Bono 
Averagt mai1..t'. bran. n1eal. meal. meal. 
per headl 
per day. 

I I 

6 ·20 - - - - -
9·27 97·tl 18·3 12·2 6 ·1 4·4 
•I ·00 261.() 49·6 33 ·0 16 ·5 12·6 - 1328·0 286 ·& 191 ·O 9:> .f; 69 ·9 

796·8 149·3 99·6 1 49 ·8 36·0 

7 · 12· 12686·4 1 ,;o3. 7 :J35·S 167 ·9 1 122 ·9 

I I I I 
Non:.-• Average 1••• head per day for 74 days. 

t Avorngo per head 1>-0r do.y for 161 days. 
i Aver•~ J>Ul' huad fXlr dQ.y for 168 dayti. 

'J'ADLE II. 

Salt. 

-
:!·:: 
6·2 

3·1·0 
18·0 

61 ·3 

G1·ott71 Zl .- l"eed Conswnption ·in l'oimcls. 

\\'hole milk. Skitn n1iJk. 

'J'ot•I. 

1 1.;13.,; I 
1791·0 ---
333.1.,; I 

I 

Q, Peanut Bone 
. \ veragc A"erago mai1.e . 1ncal. meal. 
per head Total. per head 
per d&y. per day. 

-
I I I 

7 ·3.i - -
29'l ·O I 

- -
6 · 10 17;)2 ·1i 6·26 - -- 4120·0 It .'ii - 10·2 

10740·0 13 ·95 1 ~>1·3 - 72 ·0 
- 769 ·9 2 ·75 946·9 161·1 I 39·0 

7 ·2s• ln382·4 IO·sotl 3293·2 167· 1 121 ·2 

I I I I I I 
:\on.- • ,\"erage JlCr head J>Or day for 46 days. 

t A,·•ra.ge per head per day for 161 days. 
i ,\verago per head per day for 133 day•. 
§ ,\\ eragc r<'r head per day for 168 days. 

Ralt. 

-
-
J · J 

36·0 
19·5 

00·6 

)lea I. Lu~nu~ hay. 

--
Total. 

Average 
per head 
per day. 

Total. 
A"erage 
per head 
Jlerday. 

-
I - - - -

140 ·8 O·GO - -
381 ·9 

·~ ~ 
-

2205 ·8 2 ·86 - -
11•19 ·.} 4· 10 - -l 3878 ·O 2 «11t 15286·5 3 ·mt 

Meal. Luccn1 0 1111.y. 

Avernge A\'crage 
Total. 1ier head Total. per head 

per day. 1wrday. 

-

I 
- - - -- - - -

307·3 I · 10 - -
2162 ·3 2 ·8 1 - -
1172 ·.'I 4 · 19 - -
31>42 · I 2 ·1<1i 5286·6 3 · l iij 

I I I - --- --

"' :r. 
> 
:; 
z 
"' e 
> -
~ 

f:' 
"' < 
"' "' 



L. L. IWliX . 

The average daily whole milk consumption of 7 ·25 lb. per calf 
is high clue io the short feedi ng period -0£ forty-six clays. The 
corresponding average consumption of skim milk was 10 · 8 lb. over 
a period of 161 clays. 

The skim milk feel calves readily took to the meal which 'ms 
offered from the eighth weeJc 'l'he table indicates that the average 
daily consumption of meal over a pel'iocl of 133 days was 2 · 74 lb. 
per calf. 

'.l'he consumption of lucerne hay was the same as that of 
Group I, namely a daily average of 3·15 lb. per ca.lf over a period 
of 168 days. 

WEIGllT D.HA. 

'l'he weekly weights of individua.l calves of Grcrnps I and II 
from birth to twenty-six weeks of age >ire g i.ven in Appendix III. 

'fbe accompanying Graph I has been constructed from the 
average weights given in the tables of the appendix. The " normal " 
growth of Holstein calves according to the data of Eckles (1920) 
has been plotted in order to permit a comparison ; the " normal " 
"·eights of Eckles are contained in Table V of t.he text . 

It was considered of interest to present also the weight curves 
during the post-experimental period and to continue the compa.rison 
with the " normal " of Eckles. '.l'he data recorded dm iug this 
period are given in the subse!]uent. '!'ables IX a11cl X in the text. 

... ... 
!.:O ... ... ... ... ,,. 
"" ... 

1 .... 
• ,., <1: • ) : () 

"" 
~ 

, .. 
~ 

,,,.. 
'"' ! ?O 

"" ... 

• ...... '" C •O"P I 
- C•n .. p ll. 

Chart 1.- Av &ra_qe W eioht Cwrves . 

--- tc-•11r·~ !1. ....... 1 c .. - .a. c ....... 

to u 
1\ ft'. t-------,A"'<•~;o""\"°\'n""·k-.,----------t----,A:-=f,:-C::;n-;,,;:fo:::n,:<eh,:-. ---j 



UJ::Allll'G lJAlltY C.I r. v~;s . 

-

('all 
No. 

5 147 
5149 
5152 
,;153 
5155 
;')157 
<)159 
5161 
5162 
i;L 65 

TOT,\[ .. ') . . 

A ''<:l'l\gc·s . .. 

Calf 
Xo. 

5 148 
5150 
·i-1 " " 5154 
5156 
5158 
5160 
5163 
5164 
.;166 

TOTALS ... 

An)r&gc8 . .. 

I 
I 

'l'AllLE UL 
G?·oup /.- Initial and Final Weivhts . 

So I l'el'iOd in I x. cx perintcnt. 
Birth 

\\•eight .. I \\"eight at I 
26 'veeks. 

Gain in 
\\1eight .. 

F. 
l?. 
M. 
}'. 

F. 
P. 
F 
.1". 
M. 
~r. 

Sex. 

)J. 
F. 
)( 

}'. 
.F. 
.F. 
}'. 
..... 
M. 
)f. 

.Days. lb. lb. lb. 
184 68 ·0 324 256·0 
179 79·fi 281 201 ·5 
183 87 ·5 352 2(;i4 · fi 
182 S<i·O 338 25:l·O 
179 86·0 304 218·0 
183 75 ·0 328 25:1 -0 
178 83 0 327 244 ·O 
181 87 ·5 344 2:j6 · ;") 
ISO 90 ·5 :)58 26i ·5 
179 82 ·0 :100 218 ·0 

1,808 824 ·0 a,256 :?,432 ·0 

180·8 82·4 325 ·6 243·2 

TABLE JV . 
Group ll. - lnitial and Final ll'ei9hts. 

I 
I 

Period in I 
expcrin1ent. 

nays. -,-
184 
177 
1-6 I 

181 
184 
180 
182 
180 
180 
179 

1.803 

180·3 

Birth 
u·c-ight. 

ll>. 
70·0 
96·0 
-- 0 I;, 

82·5 
100·0 
76·0 
78·0 
70 ·5 
84·5 
72 ·.J 

812·0 

81 ·2 
I 
I 

\\"eight at 
2t> \\•ooks. 

lb. 
384 
4-15 
399 
359 
427 
353 
369 
367 
395 
3t14 

3,822 

382 ·2 

lJIHT JI \ \!>:r(;llT$ . 

Gain in 
\\'eight. 

lb. 
309 ·0 
3!0 ·0 
:l22 ·O 
27H·5 
327-0 
277·0 
291 ·0 
291l·5 
310·5 
281 ·5 

L :1,010-0 

I :101 ·0 

Avern"f' 
daily g~in . 

lb. 
l -:19 
l · 12 
l ·44 
I ·39 
I ·21 
I -:JS 
I -:)7 
l ·4:? 
L ·4!) 
I ·22 

1:1-4:1 

l ·3-1 

Average 
daily gain. 

lb. 
l · 08 
I ·SO 
I ·83 
1-5:1 
I ·78 
I ·54 
l ·59 
l ·65 
l ·72 
l ·5i 

16·6U 

I ·6i 

1t is obvious from 'l'ablt?s HI and IV that ! he re was no sig-11i fi-
1·a11t d iJfo rence bet ween the '"·crag-e hi rih weights of Uroups I and 
IL wh ich were 82·4 l b . a nd 81· :.! lb. 1·espec;tiv!'ly. However with 
a stan1hird deviat ion of i-717 lb. in the bi rth weights of the two 
groups of teu cah·es each , the abo,-e menu weigh ts are both 
sig-n ific-an tly hPlow the vnlue of 90 lh. gi,·en h.v F:l' ldes ( l920) as 
t he " normal " bi rth weig-ht of Holstein cah ·es . 'fhP prohnbil ity of 
" bta i11i11)(" the abo ,-e cliscrepanries from DO l b. is in Hie «ase 0£ G 1·onp 
l 1.t>s~ than 2 per «ent. nnd in the case of Group II less than I pe r 
1·en t. N°fwerlb eless, tbe bir t h weights of t he two g 1·oups we re 1·eason
abJ.,· sim ilar, t he c·oeffic- ie nt of rn 1·iabilit_,. be iuir on!~- fJ·4 pe1· cen t. 

;iOG 



1 •• 1 .. non,;. 

The sexes are not equally clistrihuted in the g-rnups: in (jroup 1 
there were t hrPe nwlt>~ :rnd sen•n (emales, and in ITi-0111> JI fou1· 
male> and six feJUu lt•s. dn analysis ot the birth weights of thP 
oexe,: " ·ould indil'nle t ho! ~ex rlicl not influence hirt h weijlht . 

• \ Vt:11 ,\Ca: GJto\\"TH n .\TES. 

Sex hncl no elfoc:I upon the '"·crn~(' g-rowtl1 1·nl!'s. I 1 hn:< llt·cn 
c-011qH1te1l from 'l'uhl t>s 111 and J Y t hat the av1•rng-<' cluil,\· gains in 
\\"Pig- ht for the nrnl Ps u nd l"cma lPs g-an• n1ea n YalnPs ot J .,-,(;and I · 14· 
lit. respecti\'ely. Sinr!' t he (wo sPx es \\ Cit' not rPIH'e:«•11l1•1l in Pqual 
proportions, \\"Pighlt•cl d itl'e 1 cnce~ were taken nnd lhP .. 0111 pn1i;on wilh 
the appropri :de st :i nclunl l' l'l'OI'. .. alcul.ded f1om pHfP<'il,\· 1•q1wli-Pil 
a11i1uaJ~ n..; to ~ex a1Hl ;.:-roup ... ho"·ed no :'itruificu11t r(' ... pn11 ... t• tn sex . 

In the t·a,:p of g1011p diffp1·1>111·e~. \<i1h JUeun U\"t•rnge daily g-:iins 
ot l ·34 lh. ancl l · lil lh. in Uroups I :rnd I I re<pPt·i\'d~· ( l"nhlt·- IT l 
<llHI IY), anti a <tn11d11rcl 1(p,·iatiou . from pe1 fec·tly t•q111ili-1•1l animal< 
as 1·f'g-ar1ls sexes 11 1111 grouJb, o f 0· 118 1 lb., ther<' i< a hiithl.' -igni
fi<-a u t 1lifferf'nce of O·:J!I ih. per dn.'· 'ietween tlw two 1nPan n1lues 
iu f:n·ou1· o f ffroup I ( . 0 1· the skim milk ted .. a h ·P<. 

(;Llrx:< 1x W1·:1<:i1T CO)ll'AREI> ll'JTJJ ::\0101.11 . l :luo11·T 11 . 

'l'nhlP Y has h~('ll ton~ l n 1f'ied fr(! 111 Append ix JI ( uncl ' l'a h\,., 
Y I l" I nncl IX (t he lnl1 c1• :H'f' suhsequemly pr<•s•»ll NI in lhc t<>xl) wit h 
t he objed of illustrnli11 µ: tl10 111011thl.v a\"erages nncl w<>ig-ht m1 1 µ:~s. 
ThP " no1111a l " weight clata 11f i<:<"k l?s (]!)2(!) haw heen ind udPcl 
to permit a f111·l'lwl' 1 .. 1mparison. ln 'l'nble YI the :W<'l'llA'<' weights 
uf Groups I n111l Tl h1l\"t> heen expressed as per('euiflge, nf Jl1 P 11<11·111nl. 

)fonths. 
Birth ... . ... . 
I. .... ... . . 
:l .. .. . .... . 
:l ......... . 
4 ......... . 
s .. .... ... . 
6 ...•...... 

'· ········· 8 ......... . 
!) ......... . 

10 . ..... . .. . 
II ........ .. 
12 ......... . 

38:1 
423 
457 
4fil 
fl I S 
5:10 

TABLE\. 

Coll lrei.q/,I.<. 

Crado t"ricsland•. Em1eb. 

Croup TI (•k im milk). 

lb. 
90 

112 
147 
1811 
22.; 
271 
329 

lb. 
o~ 
90 

126 
136 
11),j 

:!:!O 
261 

lb. 
81 

103 
138 
188 
242 
301 
3.;o 

lb. 
100 
127 
163 
21.5 
:?73 
339 
39.; 

lb. 
70 
87 

12f; 
171 
21!1 
280 
3~.'i 

Xor· 
1nnl. 

lb. 
uo 

121 
1.17 
200 
240 
302 
349 

HolJiltein~. 

. I 
H 1~h- I.OW· 

c~• . I t·~t . 

Ill. lb. 
112 :;.; 
137 114 
16 1 142 
221 17;\ 
26!! ~o:l 
330 233 
392 2(i3 

411 ~~1-.;;;;-388-3;;;--;;--2s:-
4.)5 370 472 .;12 428 42J li03 286 
.179 300 507 r,;;1 44; 400 554 303 
1>10 437 548 T>9S 480 r.01 GOO 3:12 
» 16 464 .;6(; 635 312 529 650 :J6ll 
.;114 460 .;19 Gf>4 532 r,.;s 011; :100 

:)Oi 



llEAlUNG DAIRY CALVES. 

1'ABLE VI. 

Average Weights. A Comparison with the "Normal''. 

Age. 

I 
Normal. Group I. 

I 
Group u . 

Eckles (1920). Pcl'ccntagc Nornlal. Percent.age Nornu1l. 

)Con tbs. lb. lb. lb. 
Birth ........ . . . . . . 90 9 1 · I 90 ·0 
1. ..... .... ... ... 121 81 ·8 85 ·1 
2 .. . . . . ... • . . . . . . 157 85·4 87·9 
3 .. ...... . . . . . . .. 200 85·5 94·0 
4 .. .. .. .. . ... . ... 249 83 ·5 97·2 
5 . . . . . • .. • ... • . . . 302 82·1 99 ·7 
6 . . .. .. .. . . .. .... :l49 85·4 113 ·2 

---- -
7 ..... . .. . ... . . .. 389 98·5 lll ·6 
$ ..... . .. . ... . . . . 425 99·5 Ill · I 
9 ..... . .. . . " •. . . 466 98 ·1 108·8 

10 .... . ... • . . . . .. . 501 98·0 109·4 
11. . ...... .. ...... 529 97 ·9 107 ·0 
12 .. ...... ........ 5.;s 95·0 103·8 

In order to compare the total weight and gains in weight during 
ihe experimental period witl1 fhe " normal " oonditions a.s given hy 
Eckles, the first twent.y-four "·eeks are being considered because the 
exact "normal" increase for twenty-six weeks is not tabulated . 

The mean increases in weight for twenty-four weeks were 215 · 5 
lb. and 274 · 5 lb. for Groups I and II r especti 1•ely The standard 
deviation for these increases is 18 · 3 lb. and there is again the highly 
significant difference bet ween Gi·oups I and II in favour of the 
latter. '!'he differences between the " normal " increase of twenty
four weeks and the aboYe mean ,· aloes are highly significant in favour 
of the " normal " in t he cas& of Group I, and ~ignificant in fa,'Olll' 
of Group I!. (See '!'able VII.) 

Similar i·esults are obtained when t he mean weight, instead of 
the mean increases, at the end of the twenty-four weeks are con
sidered. HoweYer, the " normitl " birth weight. was higher thm1 
those of the two espeximental g1·oups which fact <'auses the difference 
between the " normal " weight at twenty-four weeks and the mean 
weight of Group II at that age to be insigui£cant. 'l'he menu values 
a1·e 298 lb., 356 lb., and 349 lb . for Group I, Group II anrl fhe 
" normal " respectively. The standard deviation within the two 
experimental gro\1ps is 22·95 Lb. (See Table VII.) 

DETAJT.ED ANAI,YSJS 0}' VARIOGS GllO\\"l'lT STAGE~ . 

Interesting features are revealecl by an anal~·si s of intermediate 
periods; this analysis is presente'd in Table VII. 
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TABLE VII. 

A 1"1irther Analysis of Bo<ViJ ·weight. 

)Jean . Group 1. G.-oup lI. "Xormal." l S.D. 

lb. lb . lb. lb. 
.Birth -weight .. .. . . . ... . . . . . 82 ·4 (10) 81 ·2 (10) !JO ? ·ii i 
Daily gair\ during experi-

mental period . ... . . . .... . I ·31 (10) I ·67 (10) 0· 118 
Ioe:rcaso up to third ''°eek ... 9·9 (10) 13 ·2 (10) 23 ll·i7 
Increase Cron\ third \\·e(llk. to 

fourth week ......... ..... 32 ·6 ( 10) 32 · 7 (10) 34 2 ·63 
Increase up to seventh '\'Cek. 42 ·5 ( 10) 45.f) (IO) 6 ·00 
Increase from se'•enth to 

t.weuty·sixth week .. . . .... 200·5 (10) 254·8 (10) 221 19 ·84 
\Vcight at t\venty.four \\·eeks 298·0 (10) 356·0 (10) 3~9 22 ·95 
Gain up to twenty.fourth '\'eek 215·5 (10) ti-1 · 5 (10) 259 18·30 
lncroa-so during post-cxperi. 

rncntal J>Criod ..... . . . , . . . 201 ·6 (9) 193 ·7 (9) 206 25·00 
lncroase during tenth to 

twelfth mont,hs of po~t· 
experii'oental 1>oriod ....... 38·0 (9) 42·3 (9) 57 13·38 

NOT£.-(a) In the above table, the. uu1ubers in bracket.'S irtdicate the number of anin1als 
of \\'hich the values arc n1eans. 

(b) In the a.ccon1panying discuss ion the te rrni; ·' i>ign ificant " and "highly 
s ignificant" rucan that probabiUtics of obtaioi_1)g a:; gl'cat or g reater values;, 
or ditTnronoo5t in "t'Alnesr, a1•e II$<; thau .) p~l"(_·~nt .• a.nd I )":"l'l'm1t .. ~poc•ti vfl' ly. 

Dttl'ing t he first week, both g niups were fed their dams' Jllilk 
and no important diflerence was foun d between lhe mean increases, 
2·2 lb. and 3·5 lb. in Gro\1ps I und lI J'espective ly . T his dose 
agl'eement i·ema ined thronghout ti:" second and thi1·d weeks nlthouJ?h 
the rations "·ere altered dming the lhi1·<l week in lhnt Group II 
received 2·5 lh. more "·bole milk per c"Jf per day tban Group 1. 
l 'robably bec,,u,;e of this increase ,,f feed, there was a slight increase 
in d ifferen C!' betwe0n t.l1e llif•an increases for l"lrnt w<>ek in fa 1·our of 
Gronp II, although the difference was still quite insignificnnl-. The 
similarity of rnte of growlh 11·as maintained until the end of tl10 
7th 11·eek, for the men n. i ncrPn<;es nt the en<l of this period were 42·5 
lb. and 4i'J ·!J lb. in Groups I nn cl LI n•specliYely, 1d1ile t he standard 
deviation "·n~ 6·06 lb. 

Compared wilh lhe " normal" there " ·as a definite break in 
the growths at the end of th0 lhird week, at which stage mean 
increases in "·eight were 9 ·9 lb., 1:~·2 lb., and 23 0 lh. in the cases 
of Groups I, II and the " normal " respertiYdy. The increases 
during- this period vary with a standard de1·iat io11 of 5 · 77 lh. :rn<l 
the difference beh1·eeu the means oi the l wo experimental g-roups 
remaine<l within t he limits of reasonahlP expectation, which was lhe 
c·;lse th rnn;rhout the seven week period. HoweYer, at the end of the 
third week, the differences het11·een the "normal" increase and the 
mean increase of both groups is highly significant in favour of the 
'' norn1:) l '' 
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Considering t he remaining four weeks of the seven week period, 
the differences are all insignificant. The ll\ean increases in weight 
'1uring t.hese four weeks were 32·() lb., 32·1 lb., and 34·0 lb. ror 
Groups I, II a11d the " normal " respectively, while the standard 
deviation was 2 · G27 lb. This standard deviation is exceediugly small 
as the coefficient of variability is only 8 per cent. as compared wi.th 
46 per cent. during the previous period of t hree week&. This latter 
feature will he discussed in a subsequent piuagraph. 

Defo1·e t he anal~·~is of the weight incn:ases durin" the experi
mental period is concluded, it remains to be shown that tl1e differences 
in the 1·esults obtained for the whole period were brought abo\1t 
cluring the remaining part of the experiment. During- this pe1·iod, 
01· subsequeu t to the seventh week, the mean gains iu weight of. 
Groups I and II were 200·5 lb. and 254·8 lb. respectively, while the 
standard deviation was 19 · 8% lh. The difference is highly signifi
<:ant in favour of GI'oup II. F urtl1ennore, the mean value of Group 
I was below, and that of Group II was above the "normal" value 
of 221 lb.; both these differences are significant . 

'l'nE RELATlONSHil' DETWEEN (iRoWTH RATE AXD DnnH DATE. 

The following discussion deals with the difference between tbe 
coefficients of variability of the two periods mentioned in p!'evious 
paragraphs. 

'.l'he close agreement hetwc><m th0 birth weights :md the growth 
rates of t he cah·es over tbe gi·eater part of the experiment was not 
evident during the first periocl of thl'ee weeks. During this period 
the individual ,·ariations were exceptionally high. These variations 
are found to he due to the smaller gains in weight made by the 
ealves born at a later date ; this is evident in both groups. Correlati)1g 
the ooaius in weight durino· the first period of three weeks with the 
number of days individuaf calves were bom after the date of birt.h 
of the first calf. the remarkable ronelatio11 coefficient of - 0 ·95 wao 
obtained for eighteen cah·es. 'l'his Yah1e is highly significant. By 
«onsidering only the fast week, .a highly significan t value of - 0·786 
was found . Furthermore, in order to ascertain to what extent the 
two groups agree in the decline in gain of weight of the later born 
ea.Ives, the correlation between the two groups for pairs of calves in 
their birth order was calculated. A highly significant correlation 
coeflkient of +0 ·11 was obtained. Again, for the first week the 
same agreement between the two groups is refl ected hy a correlatio11 
~oeffici ent of + 0·14. No biological explanation can he suggested 
for this peculiar feature. However, it must be clear that. the highly 
significant C'Orrelatious account for the large coefficient of variability. 

The wit.her measurements taken during the course of the experi
ment are given in Appendix IV. 'L'he meaus of wither measurements 
at the ilnee stadia indicated are given in Table VIII. 
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Age. 

--- ------

3 months .........•. ..•. . . 
(; 1nonth.s . . ....... . . 

J 2 1nontlu~ ..... ...... . . . .. . 

TAilLJ.: VllI. 

Group J. I .Gro1tp TT. 

CUl$. 
84 ·6 (10) 

100·0 (10) 
114·3 (10) 

c·rns. 
84 ·5 (10) 

100 ·8 (10) 
116 ·3 (9) 

11 Nornu1I." 

CIUS. 

86 ·8 
100·9 
114 ·O 

1 

s.n. 

crns. 
j ·683 
3·786 
2·302 

NOTf':.-In tho above table, t.ho nurubers in brll..<'kc~ indi<-nt.o the nurnbers of cnh·es 
or \•.:hieh the ,·nlucs arc JllC' ... '\1l$. 

T here is no siguific:ant cliffe r~nce between the wither weasure
menti; of th e t wo experimen ta l gt0 ltps at the stnges for "'hich 1ht 
measuremen ts al'e given. At three mont.hs t he · ' 1101·mal " Yalue wa& 
h igher than the means of hoth groups. the d ifferences being· highiy 
significant . Ilowever, during tb.e next three mouths the exµerimen tal 
groups caught up \\'it.h the ' · no1·mal " >lll<l thE>y mainta ined thi> 
rela tionship up lo t·he e nd of t he t"'eh·e mouth period, when Group 
J: was 100 ·~1 per c·ent . norn1al and Group II 10~· l per "ent. 11ormal. 

G ,uxs 1:< \VETGll T in·misG TIJE l'osT-EXl'EHn1ExTA J. Pnnon. 

At the end of th e experimental periocl of tweut~·-~ix weeks. : he 
c·ah ·es of both grou ps \\'ere put on to veld ::1nd obsel'\'alio11s "'ere l'Oll

l in ued u ntil the ca lves "'~re twe( ,·e mouths olcl . The \\' eiglit clata 
for the post-experimental period arn given in Tables IX and X . 

T.\BLE IX. 

Gro11v l.- Afo11tl1ly Weights ·in Po1111rl.- d11ri119 the Po«t.-e.-.veri'll!entrd 
J' pr111d. 

Calf 
Xo. 

.)J 4i 
;j 14-!J 
;) lt)2 
;'; l :j3 
."il5:) 
.) J:l7 
:) 159 
,;101 
i\162 

T OTALS. 

A'·C'ragc:s. 

i weigl~t I 
at ' 
26 

,,·eeks. 7. $. 

Ago in n1ooth~. 

!I. 10 . I l. 

324 ·IOU 4.i I ·!ill 501 ,;35 I 
281 :l35 370 3~9 '131 •16'1 
352 400 444 419 513 .,,,JI I 
338 3$.; 4:J6 ·108 519 ,j46 
30.1 359 402 4•10 ·182 -509 
328 367 4 11 44,; 48·t 52(1 
32i 370 :19,; .133 470 482 I 
;344 408 44,; .1so .•;oo .; 2.5 
358 411 4M j 481 .ii-I !o~i 

.;.14 
'169 
558 
56·~ 
528 
550 
503 
523 
~29 

Total 
gains fron:t 
6 to 12 
rnonths. 

220 
188 
206 
226 
224 
222 
l i(; 
179 
)i i 

1,$12 2.!lil6 ,~~:-r::-i ·I.I IQ 4.426 - 4-.6-.5-9-

1

4.168 

---- -=~ === === ~~~-----

383 ·0 451.~ . 11 201 ·4 
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l!EARJNG DAIRY CA LVES. 

'!'ABLE X. 

Group 11.- ill onthly TV ei,qhts ;n Pounds d1wi110 11,,, z>ost-experi111e11 -
tal l'eriod. 

I ' I Weight Age in months. 'l.'otal 
Cal£ at I gains front 
::;ro. I 26 I I I I I 

6 to 12 
~eek•. I 7. s. {!, 10. II. 12. 1nonths 

iH48 384 450 493 51 7 552 582 599 I 215 
5150 415 458 502 543 583 611 629 214 
5151 399 462 490 Sl7 563 597 615 216 
5 154 359 409 442 479 510 519 546 187 
5156 427 465 512 551 598 635 654 22i 
5158 353 388 428 447 480 512 532 179 
5160 369 437 •170 512 5 17 563 547 178 
5163 367 417 457 498 519 536 539 172 
5164 395 415 451 476 508 f>42 550 155 

TOTALS. 3,469 I 3,901 4,245 4,559 4,930 5,097 13 1,11:1 

Averages. 385·41 433·4 471 ·7 F.06 61 (;47 ·8 566·31 579 ·01 193·7 

Duriug the post-experimental period, there were no important 
dille1·euces between the mean ga i11s in weight which were 201 ·4 lb., 
and 193 · 7 lb. in Groups I and II respectively . Also, there is no 
significant difference between these Yalues and the eon espondiug 
figure, 206 lb. , of the " normal" . However, it must be pointed 
out t ha t during the elevent h and twelfth months smaller increases 
were made in the mean values of both groups as compared to the 
" normal "; these values were Gl'oup I, 38 lb.; Group 11, 42·3 lb. 
and the " normal " 57 lb. I t is seen that the mean values of the 
two groups are not significan tly different. 

In the post-experimental periocl, tbe same tendency of the late1· 
born calves to increase less in weight is observed. 'l'bis agrees to 
such an extent with the finclings during the first period of th t·ee 
weeks that the correlation coefficient between the increases for the 
same animals is + 0 · 5, which is quite significant for the 18 animal~ 
considered. The two youngest animals have beeu exclucled in this 
comparison. Whether the above agreement was a coincident "r 
whether the one is depencleut upon the other is not revealed by t he 
statistical analysis . 

DISCUSS I ON. 

Otis (1905) demonstrated the high cost of rearing clairy t':l lves 
when a large amount of wl1ole milk was feel, and he indicated that 
very satisfactory results can be obtained at nearly one quar.ter the 
cost by rearing calves on a skim milk ration. 
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Experimeuts have beeu reporte•l iu which meals have beeu used 
as milk s ubstitutes necessitating the feeding of ouly small quantiti~s 
of. whole milk and eliminatiug t he use of skim milk. (Hunziker >•nd 
Caldwell, 191G; Eckles, 1919; Bender and Bartlett, 192!JJ. 

In the expe1·iments reported he1·e one group of cah es "·as fe<l 
whole milk and it milk s ubstitute meal, another group received skim 
milk and a ~upplernentary meal. 

l!'u:n CoxSU)IJ•nox. 

'!'he feecl consumption data of the two groups of cah·es were 
given in Tables I and II 0£ the text. 'l'he feed consu!llµtions per 
calf have been extracted from these tables and they are reflected in 
the following fa ble. 

'l'ABLE XI. 

~1vera9e l''eed Consumption in Pounds. 

Group. Jnilk . JniJk. maize. IJnHL nH.:n,I. n1eal. 
Bone 
1ncal. I 

\\"hole I Skim I Ot0u11dl' lrloeat I 1>canut

1

1 lllood ·1 

~~~---'-~~~~---'-~~~'~~· ~--'-~~ 
52; .o I - 268·6 I .iO · l 

1 333 ·{ 11,;38·2 :u9.3 I -

l. . . ... . . . . . 

IJ. •.... . .• .. 

;33 ·61 16·8 1 
16·; -

Ji ·3 

12 · l 

I Salt. !Lucerne 
hay. 

6·1 .328·6 

6· l ,;2S·6 

ll is seen from Table XI that (Jroup I consumed 193 · (; lb . more 
"·hole m ilk per calf than Uroup II, however, the la\lcr group 
obta i11cd in addi t ion to whole mi lk 1738 ·2 lb. of sk im mi lk . While 
Group II was f~d an aYerage of 60·7' lb. more maize tlian Grou 1> I , 
the latter group consumed J.(j ·9 lb. more peanut meal and in adclition 
.-,o · 4 lb. of bran and lG · 8 lb. of blood mea I. 

Group I cousu111 ed rather moie whole m ilk, 527·0 l b. than is 
generally r e<:o111111e11ded for cahes receiving a n efficient meal as a 
milk substi tute . Hunziker and Caldwell (1916) fed 213·% lb. <> f 
whole milk hut obtained au a.ve1·age daily ga in of on!~· 0·95 ib. 
Eckles (1919) refers to experiments in whiuh 121 lb. of whole mi lk 
had heen fed and a daily gain of l ·25 lb. was obtained. II is 
important to note that the relati ,·el~' small amount of "·hole milk, 
121 lb., was fecl over a long period, eighty-three clays. This would 
appear to he an impol'lnut consider;\tion when reduced quantities are 
fed . Ou the other hand, Bender and Bartlett (1929) reported 
remarkable suc<;ess and a daily gain of l · 56 lh. h~· feeding- whole 
milk for 011l:v one month, bu t the amount of whole milk fed was not 
g-i«en. The Group I calves consu med au apprecia ble a111ou 11 t of meal 
which, including bone meal ancl salt, tota lled 381·8 lb. It is 
diffc ult. to see how this amount can. be reduced, especially if the 
feed ing of smal ler ttmounts of whole lllilk is contempla ted . 
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(froup ll consumecl Solllewhat lllOt'e whole milk, 38:3·4 lb., th ;1 11 
c·alves thus reared u~ually receiYe. Eckles (UJ19) states that generally 
about 200 lb. are fed. Howe,·er, the skim milk consumption of t.h.is 
group was 17~18·2 lb. which is couside1·ably less than the amounl, 
2,000-3,000 lb., recommendecl (Hunziker ancl Caldwel l. 19Hi; Eckle,;, 
1919). This group consumed an average of ;,J4G·O lb. of meal; t h is 
amount is eonsiderably lHger than the amounts fed in simihr 
experiments. It is poss ible that a reduction of whole milk and meal 
C'Onsumption may be ruade, if the sk im milk rntion is inc>1·eased. 

BODY WEIGHT. 

T he weight data gi,,en in 'l'ables III. IV, and Y nm! analysed 
in the rliscussious aeeompauying these tables i11<li .. ate a satisfacto r~· 
stage of growth atta ined by the experimental l'ah·es in both groups 
at twm1ty-six weeks of age. 'l'he Cithes of llroup I, 01· the whole 
milk fed calves, e:xperien(;ed less nrpid gl'o\\·th than those of Group 
11, or the ~kim milk fed ca lves. T he mean weigh ts at twenty-six 
"'eeks of age were 2D8 lb. and 35G lb. for Urouvs I and II respe"
tiYely , and the standard deYiai'ion was 2~·95 lb. 'l'he lllenn daily 
g ai ns dul'ing the µeriod " ·ere Grnup I , l ·34 lb., an<l Group II, 
l·G7 lb., iudic.tiiug a high ly signifi('au t tlifference of 0·;33 lb. in 
hl\·onr <>f <froup II . 

lt bas been indic'l1led that nn analys is ot lhe inlennelli,11e 
sluges of the e;.;per·imeutal pe1·iod, su<;h <Is is given in Table VIl. 
1·c,·eals some inte1·esi i11 g- i·esulls . :'Vo significant cliffe1·en(·e exi~ted in 
the bi1·th " ·eights of th~ t \,·o g- rottpi:> , neither ''°ere t here any sign)
lfrant ol iffc> rence.s reflpf'lecl cluring ihe firRI. and second \\'eeks "'hile 
the cah·es l'ecei,·ecl only whole milk and idcntlc;al amounts of' whole 
milk "·ere feel to the groups. '!'here was a slight yet ins ignific·aut 
adnmtnge reAedecl in (froup Il cluring the thircl "'et>k "'hen that 
gTonp recefred ?·."1 lh. more "'hole milk pe" cnlf thnu cl icl lfroup I. 
Ro"·eyer , l'Ompared "'it.h the " uornrnl ", ther<' \Y:ls a definito bi·cak 
in the g-rowth of t he t\YO exper imenlal groups ill the encl of the 
third week. Dmi11g the subse1111ent fou r weeks, which l'CHupletc'u 
the sewn weeks period. the meiltt incre>tses in weigl1t were :3:t·G lb .. 
:t~ · 1 lb. and :14·0 lh. for Grou11s I, II, and the" nol'llrnl" respi!e 
tiveb ' ; the <liftereu!'es >11·e insignifkant. Dnring thi,- pe1·iod of fou l' 
weeks, (fronp [ COllS\Jllled !.1·27 llJ. of whole mi lk ancl O· i) lb. of meal 
per <'alf pPr da~· (Table I ) ancl Group IT consumed 6·4 lb. of whole 
1Uilk, (i-2(; lh. of skim milk, nnrl no meal ('J'ahle II). It \\' :lS sePu 
that the cliffel'en~e in t he mean in1·reases of "'eight t<'ok pince suhse
C']uent to the sP\'Puth week, the Yalnes for Gronp5 T " '"I II heing-
200·!) lb. nucl 2ii4·8 lh. respedfrel~· an<l t he sta ndarcl cJe,·iatiou was 
19·8!i5 lb. 

There \\'as no signi lfrant cl ifferem·e between thP \\'ither heights 
of t he two experimental gronp;; ~t th ree and six month~ of ng-e. and 
at tho> laller ag<i the measnrement~ of Gmups I and II "'ert> 99· 1 per 
l'l\ut. ancl !)9 ·!) per o·Pnt. " normal". 
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:!.\i::..-1n T 1.vE Y.uxE OF Fn:ns Coxs\· ) 1En. 

'.L' he followiug tables hnve heeu constru !· tecl with the ass istnace 
of the tah le~ of feed va lues of H enry and hlon ison (1923). 

Consumption p(.•r ('a if. 

---- --- ----
\rhole rnilk-5:li ·O lh . . .. . 
C round inaize-268 · G lb . . . 
\\"heat bran- .50·4 lh ... .. . 
-Peanut n1onl-3a ·G lb .. . . 
lllood mc• l- 16·8 lb ... . 
Lurcrnc hay- 528 · 0 th . . 

TOTA~-; . .. ' 

Consu1uption per ~:al(. 

\\"hole rni!l<- ;l:l:J ·4 th . . . . .... • . 
Skim milk- J.i:l8· 2 It> .. . . .. . . • . 
Ground rnaizc-:~20 · :3 rt> . . . . . . • , 
}>eanut 1ncal- J 6 · i It>. . ..... , .• 
LuC"erne ha..y- :JtS ·6 lb . . .. . . .. . . 

'COT.At.$ . .. . . . .•....... . .• 

TABLE :X II. 

Gi·oup 1. 

'Digestible nutrients. 
Total 
dry 

n1atte r. Crude Ca rbo· 
pl'otcin. l1yJrntc·$. 

II>. th. tt>. 
7 1 ·6i Ji ·3!J 25·30 

235·8(; 20·68 177 .,)7 
45 ·31 6 ·30 20·9i 
31 -:is 13·54 i .. 50 
1.j· l i 11 ·61 

·183· 19 .56·04 206 · Ii 

882·ii8 l:?o; ·f)6 43 ( .. }7 

1' ABLE XIII. 

t;,.o uv lI. 

Tot.a l 
d,-y 

matter. 

lb. 
45 ··3:l 

Iii ·08 
201 · 14 

15 ·60 
483 ·10 

1.005 ·34 

Digestible nutrien t$>. 

Crude C'arlx>-
protuin. hydrate.is. 

lb. lb. 
11 ·00 16·00 
62 ·46 88·66 
2ii ·36 217·67 

6 ·7:l :l ·76 
56 ·04 206·17 

161 .,;\) 5:l2 ·25 

- - -

1·at. 

lb. 
18·9i 
12·36 
I ·50 
3 ·09 
O· J.j 
4 ·76 

40·73 

Fat. 

lb. 
12 ·00 
:l·48 

].; . 15 
I ·64 
4 ·i6 

36·03 

1t i s obvious from t he preceeding tables th at the skim milk fed 
calvP.~ of Group II consumed feeds 1be tota l m1tri t iYe Yn lue of \Yh ich 
was h igher than that of the feed con sumed b.r the calves of Group 
I hy 3(; ·03 lh. crude pi·ote in a111l 94· 68 lb. carbohydrates, b ut which 
was 3·80 lb . lo""e r in fa t. Also, 0 11 ~n aYerage, thP sk im milk fed 
•·alves consu111e1l 122 ·76 lb . tot:i l dry matter more than cli<l the 
""hole milk fed en h·e~. 
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It is of iulerest lo compare the nutritiYe requirements pPr 
hunched pounds ga in of t he two groups. For this purpose 'l'aule 
XIV has been conti!rucled from <lata in '!'ables III, IV, :XU an<l 
XIII. 

TAnLl: :XIV. 

Req11i-reme11 ts p(w htmtheil 71otmds Gain in 'IV ei,qht. 

---i--- D igestible nutrient~ in pound~. 
Group. 

J .... .... .... 

II .. .. ... ...... 

Total dry 
rna.ttcr. 

lb. 
:l62 ·Si 

~J34 ·00 

Cn1d(} protein. Carhohydrat('i-> }'1tt. 

lb. lb. lb. 
51 · 63 179·92 16 ·75 

.j~ · 68 176·83 12 ·27 

It is seen from the above table that Group 1 calves req nirecl 
more total <lry matter-, carbohydrates, a.nd !at per hunclred pounds 
gain in "·eight tlian 1l id the ca1'·es of Group II. 

F1::1m CosTs. 

As the cost of 1·earing cakes Y:tries considerably accordin~ to 
the number and the mine of cah·es, labour employed, facilities 
a vailable, prices of feeds, etc., i t is necessary fo1· ind ividuals 
interested to compute what may be expected lo he their- expenses in 
the ralf real'ing euteq>rise. 

The following ta.hies ha\'e been constructecl lo indirate what t he 
f'eecl costs of i·earing the experimental groups of calw~ we 1·e, when 
feed~ we r·e obtainecl at the prices inclicated. 

lfeedg, 

Whole milk .. .. . .. •. 
Ground 1naize .. . .. •. 
\\'heat bran . . ... , . .. 1 

Peanut n1on.I .. . . . . . . 
Bloo<l meal. ... . . . . . 
Bone meal. ..... .. . . 
Salt .. ... .......... . 
r ... ucernP. hay ' . . . . .. . 

To tal 
a.1uount 

consun-1ed 
by g roup. 

lb. 
.5,:270 ·0 
t ,OSG·4 

503 ·7 
335·8 
167·9 
122 ·9 
61 ·3 

S.286 ·!i 

TABLE XV. 

G·roup I. 

Cost of 
Feeds. 

,; <11<:. per gal. .. 
·Is. 7d. per 100 lb. 
;)f.; f~d. 

7s. 4d. 
Ss. 4d. 
7s. 9d. 
:ls. Id. 
4s. Od. 

T OTAY-5 . ... . 
I 

To tal 
Co•t. 

J; s . cl. 
IL 13 2t 
G :1 It 
I ' :1 
I 4 i ! 
(J 14 0 
() 9 H 
0 J 1 0~ 

10 II G 

£32 J 

Cost })('I' 

Calf. 

J; $ . d . 
I 3 :n 
0 12 3? 
0 2 St 
0 2 5t 
0 I 4f· 
(l 0 ll t 
() 0 2} 
I l I! 

I~ ~ £3 ~ 5 



..b'eed~. 

\\'ltolo rnilk . .. . . 
;--ki1n milk .. . . . 
Ground nini~,o .. . 
Pounut nH·al. . . 
Bone 1ncal .. .. . 
Snit .... . . . . . . . 
J~u«<'m<' hay . . . 

Toial 
an\ount 
COrl~urned 
hy group. 

lh. 
3,:i:1.1 ·5 

17,28:! ·4 
:l,29:l ·2 

lli7 · I 
l~l ·2 
UO ·H 

.j,:?Stt ·:> 

TABLE X Vl. 

(; roup 11. 

C'o1't or 
l'ccds. 

I 

I ,; .:!Id .. per gal . . . · 1 
l id. p<'r gal. ... . . 
4s . 7d. 1>er IOO lb. 
7::.. ·hi. .. .. 
7s. Ud. 
3s . Id . 
4<. Od . 

To1'.\l.:o; ... . . . 

To1a l 
Cost. 

£ ~. d. 
7 7 7 

10 17 :l 
7 10 I I 
0 12 ;) 

0 !) .j 

0 I IO! 
10 I I 6 

x:11 10 9~ 

J , . L . l<O l' X. 

Cost per 
Calf. 

' 
£ :', cl. 
0 14 9 
l J 81· 
0 l:"i I 
0 I 2:s • 
0 u 11.: 
0 0 .,. -.. 
I I 1 J 

~3 J.:j O! 

The pri1:Ps of feeds iu l he abo,·e tables we1·e cl e t.-1·rnined as 
follows : ,\\'Pl'llg<' mout.hls prices of milk d u ring I.he per iod of the 
exptll'L111eu i, ""'re oh t a i 1 a~cl from 1 he loc ·;tl 1·rea 1 11~1·y a 11 d l'rnm lhese 
:w crall'es a g enera l an•rage was t·o 111puted. '.l'he p1·ic!'s of feedstuffs 
n 1·e 8\'<' rage p1·ii'e< d111·ing the pe1·iod of the ex1wrin1t>nt of a Johannes
burg firm, pl us th!' fran sp or t dtnq.:·e< lo } :rm<'lo, a ra ilag .. dislance 
o f n:1 mi les . 

His seen from Ta ble:< X\' a ncl X.\'l l hat t he f••etl cost< p<'r c :1 lf 
in Grou p 1, or t h1• who le m il k reare<l rnh·es, wNe £;3. 4s . . -,,1., wh il e 
the same costs i11 Uroup Il. or the s kim milk r<•areil cah·es. amouuterl 
to £3. 15s. 0! 11. '.L'he whole llli lk l'OSt s in Uroup I. wer e £1 . 3s. 3'Jcl ., 
w l1ile "·ltol <' ancl ski m mi lk l'OSt< in Ciroup 11 wer e £.1. lG~ . fi'/ d. 
The totn l lll ea l costs, includ iu~ mincm l<, i n O ro up I were t' I . (l<. O~d . 
and t hos<' in thoup Il Lis. :'i .: rl. 

lt hns lwen "oniputetl that the feed cos ts pe r hundrPd pouwls 
gain in \\' <' ig ht in U1·oups I and Il we re t:l. (k Gel . and £ l. 4s. 11 <l. 
1·cspe('(i,·l' ly . TIPnc"' · whi le the to lnl feecl .. osls of Ornup I are 
som ewhat IP« than !hat or G roup II. t·h1• eost por hund red pou11rl 
g-:iin i n i111• fo1·nl(• r g- rnup is h ighe r than that i 11 Grnup I I. 

SUMMA RY AND CO NCLUSIONS. 

1. 'fwo rations for rNning· dairy cab·es up lo ~i x mon t hs of nge 
" '<' re tested. 

2. Ten grade :Friesland ealws reared on a <mall quan t ity of 
\\' hole m il k nnd a eompound meal as a m ilk ~ubsti t u te whi i' h was 
suppl1'1nentPd h,,- l ucPme ha.v, nttainP1l 8[> pe 1· cent. norrnnl we i::rh t 
and 99 · l per cent. nor mal h eig h t . 

(a ) T lw 11w1·ni.rP hirth and final wpight s werP 82·4 lb. and 
32:i ·6 lb. rPspediYely, and the :1\'erage da ily ga in \\'as 
1·34lh. 

(b) T he feP<l i'ost s pe 1· ca l f wt> re £3 . 4s. i'1cl. nncl t he f<oerl 
co;;ts p Pr h unrl rPd p1n1 n cls g:nin in wPigh t \\'Pre £1. (l;; , Gel . 
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ltKI" 1:-<t: llA 11< y <.:A J. n :s . 

\\l he11 Oil pastm·e rronJ s ix to twe)n~ 1110lltl1' of >l g'I" . 1lwse c-ahPS 
at tained !J,-, per l·Pnt . 11ornH1I w<'i~ht a 11d too· :l pl'r c· .. 11 t . 11 11n11a l hei;.d1I 
a~· one year or a~e. 

l t is deducted tha t, " ·h i],, 11111 xim 11111 \\'Pig- hi was 110( a i ta iued 
011 (he ex pe rimenta l rnt ion . g ro"·th was. nr 1·ertlwle"' . sa t is fado1"'" 
as t he <·a h-es were !JU · l per l'enl. •tornw l height a t s ix n11J11 l hs of 
age, and lh(•,v ,,·e r·c· ahh• 1o ~ ho,,· ra pid :Hl\'tt1H·t) IHl'lll , , · lt e 11 put on 
11a:.;,f \l l'P , 

:1. T!'1t grnde Frie:;la ud c·a h es rea r rcl 011 a ski1 11 rnilk rat ion 
supple men ted by maize an d lul't'r"" ha~· , attai ned 11 :1· :.! per c·trnl. 
IHH 'lllfl l \\'Piµ:h t a 11tl nH·!J per· <:t>Ut. !1111·11 1tt l Ju• iµ:hl . 

(o l Tlw :11·e1·ag" 1.i1·l h a nd fina l wci.rlus 11-.•t·c· til · :.! Iii . a 111I 
;lK~· :! lh. n~:o' pf'c • {j ,·p (,, · . a n ti t lu-1 ~1 ,·p1·ag-t- dai l,\· ,!..!'.a iu \\' i.l ' 

l·(ij lb. 

(/1) The feecl !'os(s per (·alf were t' :j . 15s. O ~ d. and t h .. frt•tl 
l'Osts pe r h1111 d rPd po1111d:; g a in in weig h t. ll' l'rC fl . -Is . l l rl . 

\\' hen Oil pasl tll'f' rrnm s ix (o (ll'P\\'e lllOll t hs Of fl).!'t'. ()H"SI' c·a h"<'< 
a ttained 1Ua · 8 per ct• n l. uo rm al w~ighl a1ul 10:! · l JH•1· '"'" t. 11 1J1·111al 
li <-? ig-ht. at 0 11 P ,\'E>H l' of age. 

J t nwv lw cl eoluded t hat 11 wx i111 nm g-rvwtl1 " ""' a ttn inPd on thi" 
t• x pel'i111en ia l 1·at ion. 

4 . The 111 i lk s nbH tit nte rn l ion did not 111·01-.· to bt• n< e ftk ient tts 
the s kim milk l'llt io11. Tiowe1·er, the two ra tions test t"d St•n ·e two 
(list inct pn ,.pose;; a ncl llwy are both l·on;;ic\Pred suita hle a n d e1·ono111 io·a l 
for re:iri11 g clPs i rali l<· t_q ws of (ln in· cah -.•<. 
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Al'l'l':NJHX III. (('onl inue<l). 

Groiiv 11 .- W eekly W eights in Pou1tds . 

Age ln weeks. 
Call lllrth 
No. S.•. ~·el$Zht. 

I I 1 I I I I. ~. ~. I. s. I 6. i . s. 

5 1 .. S ll. ;:. ·o "6 tO I t7 10"! llS 118 121 120 
jlS(t V. 90 ·0 JOI Ilk< 113 ll!'j ISi 13.; 14& 100 
5151 )(. ii -0 "" 9 1 to 103 119 12:; 13 1 IH 

""" ~ 

G15-t V. ~2·5 Ml 

M j " om 
115 116 124 132 

iil5() V. 100 ·0 107 109 JJO lti ! SS .... U 9 103 
5 15~ V. 70·0 i i jj ~ 03 10'.! 108 11 7 126 
5 160 V. iM·5 Ml ~9 90 10 1 IW 120 129 ISij 
5 183 ~. 70·{, it i D ~2 ~; 99 10 7 11 6 126 
510-J ) f . ~4 ·6 8 1 ,...~ 90 00 100 ll3 121 180 
51 66 ~r. 72 ·{1 i~ o<J gs 03 102 110 120 132 

1•01 ~11~ . • . •• • "412 · 0 "59 88i flti2 I .O:lO 1,120 1, 196 1,2;.a J,3711 

A verAUCll . ... l'l l · :2 xr.·o AR· 7 1~1 10:< ·0 I l t ·ll 11D·f.~ 12 7 ·4 137 •8 - ,- --
Age in week.11. 

Call 
S.x. 

l Urth 
r-'o. \\'tla h t . l I I I I I I u . I G. 16. Ii. ... 19 . 20. :? I. 

61o&b ll. 7!> 0 :?I~ 21~ 232 :?:>:? 2;;,; 2~ !9:i 312 
6150 ''· to ·O :!:37 2j2 26'< :!:Joi-:' 303 319 339 34!1 
5151 ll. 77· 0 22.a 23$ 2.St :!:iti 200 300 S U 333 
5 154 Y . f!.2 •5 205 21i:S 236 ;.?j,(1 2M 2i i 294 :IOI 
5 15G Y. 100 ·0 !37 2j6 t73 l?DH 30'! 320 336 353 
5JSS "· 75 ·0 194 20i 219 2311 2 .S '\ 263 200 29' 
SHIO Y. i l'l · S 208 2 1$ ~33 2.&7 :?M> 2;.a 2~i 209 
6 163 P. i O· J 198 212 225 2<1 266 2;2 

I ~~~ 
302 

5 1~ ) r. ~U ·l 209 22.f 239 2Ci0 2il 2i9 312 
UJOO ~r. i:?·S 203 2lS :!35 242 25• 272 2~6 :?Di 

T Oll'll', ... . . 8 12 ·0 ~, 1 30 2,26 1 2,419 2.C• i'I 2,7 1:l 2,S59 3,0 10 3, 14ij 

Avcrogt11 .... 8 1 ·2 213 · 0 226· l 24 I •9 25 7• l 27l · 3 235 ·9 t ~!OJ ·O 314 ·8 

--- - ---

I t. I 10. I II. 

I 1<5 1G6 1 71 
171 I S i 190 
167 172 1>13 
1;; I SS 100 
l ift 186 198 
1s:; 14 7 I GO 

"'' 1:;0 1 74 
1311 J(.3 162 
140 165 l t\S 

'" 162 162 

I, 1911 1,620 1, 742 

IJO · it H~!! ·O 17.f ·2 -

I 22. I 23. I 24. 

I I 
1 

326 SH 301 
:I09 S80 395 
3 '7 359 369 
322 S23 ss; 
SG• 3iC. 395 
303 3 1!'. 325 
3 11 S23 340 
3 13 331 3'6 
336 3'2 :tG2 
8 14 330 :uo 

3,30~ 3,·122 3,(100 

SSO ·G 342 · 2 356 ·0 

I =--l_rn. 
1•2 I Di 
2 15 ~SI 
201 21 .a 
181 197 
215 223 
li5 1113 
1$2 '"" l i l l~U 

180 10 1 
179 100 

1,&i l 2.ouo 
11*t · J ~00 · 11 ----

l 2S. I :!6. 

3i0 SM 
401 -&I ~ 

""" S9D 
34<! 3:.D 
4 1.; .f:!:i 
337 3G~ 
s.;s 369 
3.;3 30f' 
3$1 39;, 
:U i 35.& 

3,693 3.822 

369 · 3 382 ·2 
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H E .Utl~G JHillY C.·\L \T !'. 

( : IW l ' l' I. l'XL\'t;S: \\' ll OL I~ ~llLI\: A:\D ~l l ~ Af, RA'l'lOK. FlGS. 1-:20. 

Yi g. 1. - So .. )U7 :i t 12 " ·eeb. 
·w it h0r 1-l ciglit: ;1:2· :-1 in. \\' e igb t. 16:2 Iii. 

Fig. :2. - So .. )lJ7 :i t :ZG \H' l'b. 

Wi t her ll eig l1t: :J5)·(i i11. l\'l'ighL: :12.1 lh . 

Fig. ;3. - So .. j l.J[) at 1:2 \Yeeks. 

\Y itl1er I feiglil: 3:l·:2 in. \Hight: }.)() lh. 

;)2[) 



L. L. ROC\:. 

Fig. 4. -No. 5149 at :26 weeks. 
Wither H e ight: :l8 ·4 in. Weigl1 t: 28 1. lb. 

F ig. 5 .-N o. 5152 at 12 w·eeks. 
W ither Height: 03·6 in. ..Weight: 189 lb . 

F ig. 6.- Ko. 5152 :it 26 weel;.s. 
Wither H e ight: 09·2 in . \Ye ight : 35~ lb. 

52"/ 



RE.·\ IUSG D.URY CALVES . 

F ig . 7.- No. olo:l at 12 weeks. 
Wither H eigh t: 3LJ·O in. Weight: 181 lb . 

Fig. 8.-No. 5153 at 26 weeks. 
\Vither H eigh t: 39 ·2 in . Weight: 338 lb . 

Fig. 9.- No. 5155 at 12 weeks. 
Wither H E' ig ht: 3.J ·4 in . Weight: 168 lb. 

528 



....,_;"~-.. ... • . ....... - ... - ... ~ -.-i~ •• :;::~;n . 
Fiµ:. 10. - '-" o. ,3 1,5,3 at 2G 11«•cks. 

Wither Height : 40 ·0 jn. W('ig li t: 304 lb. 

Fig. 11.- X o. 51-57 :it ] 2 weeks. 

\\'i t licr H eigh t: :3,1·-I in. \Y<' ig ht: 171 lb. 

Fig. 1:2.-~o. 5 1-51 nl 2G 1n'cks. 

With e r H e igh t: 40·4 in. \\ .t> ight: 328 lb. 
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Fi g. 1:L- '\o .. -,1 .i n :i t l:! 11<·<·b. 

\\" i t ln' r H c ig l tt: :l:l-! i itt. \\ ",•i;..d1r. l(i(i Iii. 

F' ig . I 1. - :\ <>. -i l -59 :i t :!6 11·<·E> b . 

\\"it lH' l' I IPig l1 t. i.O k i 11 . \ \' ,•ig lt l : :l:!/ 111. 

Fi g . 1-i. - .\ o .. ) 16 1 :i t I :2 11<'<'b . 

\Yi t iiPI' f fr igltt :n (i i11. \\'eight: l(i8 Iii . 

. )30 



L. L. ROUX . 

Fig. 16.- Xo. 5161 at 26 weeks. 
Wither H e ight: 40· 8 in . W eight: 3H lb . 

Fig. 17.--No. 5162 at i2 weelrn. 
Wi t her H eight : 34·4 in. W e ig ht : 183 lb . 

F ig. 18.- No. 5162 at 26 weeks. 
Wither Height: 41 ·2 in. ·w eig ht: 358 lb . 

531 



REARING D AIRY CALVES. 

l<ig . 19 .- No. til6,) at 12 11·eeks . 

Wi tlier H e ig ht: 3-hl in . \\"eight : .170 lb. 

F ig. 20. - '.'\ o. :)165 at 26 11·ecks. 
Withe r H eigh t: 40·4 rn . \re igl1t: 300 lb . 

GRO"CP II. CAL YES : SKn1. :vrILJ\ IU.TfO N . li'TGS. 21-40. 

Fig. 21.- ::'\o. :) 148 a l 12 \\'eek~. 

Wit ht•r H e ig ht: :1:l·G in. \\ 'e ig ht: 182 lb. 
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Fig. 22 .- X o .. )148 at 2G ll'eoks . 

Wither H eight : '10· 0 in . ·w e ig ht: :J84 lb . 

Fig . :2;~.-Xo .. )150 at 12 n-eek s. 

Wit her H e ight: 34 ·4 i n . Weig ht: :215 lb . 

F'ig. 2-J. - ::\ o. ,5 J ;)0 :.i t 2G wePks. 

\\' ithPr H eight: a8 ·4 in. W e ight: 415 lb. 

533 
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REAlUN(; DAIRY CALVES. 

Ji'ig . :2:3 .- J\o . . 3 1.; 1 at ]:2 \\Pl'k ~. 

\Vither 1 l eig;h l: :l-1 · ~ i n. \\'1·iglit : :211 1 lh . 

Li' i g. 26.- X o. 5151 al 2G "eelrn. 
Wi t liN H eig ht : 37 :2 in. W1•ig l1t: :HJ9 lh. 

Fig. 27 .-~o .. ) I :).I at I :2 "·"ek s . 

W ither Height : ;l4 ·-I i n . W e igh t: 18 1 lh . 
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Fig . 28. - ?\o. 01,)'1 ;i t 26 " ·eeks. 
\Y it l1c r H eig ht: ;38·8 i n . \\'eight: ;359 lb. 

Fig. W .-5156 at 12 weeks. 

W ither ·w eig ht: :35·2 in. \\"e ieg ht: 215 l b. 

Fig. 30.- No .. 'J l .56 at 26 weeks. 
Wither H e ight: -14·0 in . \\' e ight: 427 lb . 
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REARING DAIRY CALVES. 

F ig . 31. - Xo. 5158 nt 12 weeks. 
W ithe r Heiglit: 03·6 in. ·w eight: 17.5 lb . 

F ig. 32.- No. 5158 at 26 " ·eeks. 

·wither Height : 42·0 in. W eight: :353 lb . 

Fig. 3:l.-Nn. 5160 at 12 week s. 

Wither Height: 32·8 in . W eight : 182 lb . 
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L. 1 .. LWUX. 

Fig. 34. - No. 5160 a t 26 weeks. 
Wi therHeight: 40·+ in . \Ye ight: 36H lb . 

Fig. 35.-No. 5163 ail 12 we.eks. 
Wither Height : 32·8 in. W eight: 173 lb. 

Fig . 36.--.l\o. 516:-J at 26 m1eks. 

Wither Heigbt : 40·8 in . Weight: 367 lb . 
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R L.\.JUNG DAillY C\LVES. 

F ig. 37.-.'\c. il l 6c1 :i t 12 \1·eeb. 

\ Vitlw r Height: ;3 4 · 0 in. \ Yoig l1t: 180 lb. 

Fig. 38.- No . 5164 at 26 \rneks. 
Wither He ight: 41 ·6 i11 . W eight: B90 11.i. 

Fig . 39.- Ko. 5166 at 12 \rncks. 
Wither Height : 83·2 in. \Yeight: 179 lb . 
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L. L. ROl'X. 

. ; ,~-- ~ -~ - - ... ..... ~ 

-1,_ .~:l'~Y:·>;y.~r. ·~-... ~ .. f ' ... ' ' ', ) ' - . ,., ~ ,.,4~ ·":;:: 

F ig. 40.- No . 5166 at 26 weeks. 
W it ber H eight: "lO ·O in . \\'e ight : 354 lb . 
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