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STUDIES IX THD JROWTH AdD NUTEITION OF DAIRY CLLVES

I, THE GESTATION P=rIOD




Studies in the Growth and Jotrition of Deiry Calves

I. The Gestation Period.

The gestation pveriod of the cow is generally recognized &s
of feirly definite length, though few reports have been made on
this sobject, These reports include & considersble number of
animzls but little study has been given to the varistions which
occar in the length of gestations,

Resume of Previous Work

On summsrizing 764 gests=tion periods Spencer (4) found that
214 of them ended 284 days or less after the date of breeding,

and 310 of them 285 days or more after thst time, He stated

that geststions of less than 260 days' daration had ended decidely §

prematorely, while thet of over 300 dsys were very irreguler
though they did not affeet the ofispring. asfter studying 182
normal gestations on 20 cows Wing (3) found the aversge length

to be 280 days regoardless of the sex of the offspring. The

ma jority were from 274 to 287 dsys in lerngth and were faixly
evenl; distribated t roaghoat that neriod, ¥e s8lso noted that
some cows had uniformly long and other aniformly short periods of
zestation., From 1062 observations Fleming (1) found the aversge
length of the zeststion veriod to be 283 days.

Experimental Work

The dats presented herc was collected from the herd on Iowa

|



State College Dairy Farm from December 1907 to Fovember 1921
inclusive, A summary :f 369 gestation periodes are vreserted,
Gestetion periods during which twirs were carried have not

been incloded, In addition to the senersl results obtzined arn
efiort has been made to find what influernce, if eny, The age of
the cow at the time of freshening end the seeson of fresrening

nave on the lengih of the gestution period,



Teble I

Average Lexngth of Gestetion Period

Humber of Calves :Average Gest:ztion Period .
Breed : Ko. of: : : : : :

: Cows : Msle : Female : Totzl : lsle : Femzle : Total

;Days Dsys Jagys
Purebreds ; ; ; ; ; ; :
iyrehire : 14 : 15 : 20 i 25 i 277 : 279 1 278
Guernsey . 25 : 42 : 55+ 7+ 882 . 28l . 2;1
Tolstein : 28 : 41 : 35 : 74 i 276 : 279 2 278
Jersey : 3 : 38 : 35 : 73 : 280 : 280  : 280
Grades ; ; ; ; ; g g
syrshire : 2 : 2 i __ i 2 ::82 : : 282
Gaernsey ¢ 21 : 22 : 26 i 48 . 282 . 282  + 282
Jolsteir ¢ 14 : 20 : 17 i 57 . 279 . 280 1 279
Jersey 10 : T : 12 g 19 g 279 : 277 - : 278
Serobs . 4 - 2 i 2 : 4 :287 :28 : 286
drades : .7 : 51 : 55 :106 : 280 : 280  : 280
Parebreds : 98 : 136 : 123 : 259 : 279 : 230  : 279
411 Celves : 149 : 189 + 180 : 369 : 279 : 280 . 280




~5-

The gestztion periods nave been tabulsated by breeds, and
the scrubs serarzted from the grades ané purebreds. The scrubs
cnd Zrades were gll used fo1 exp.rimwentyl breeding work, 4

sex distinction wes also made in the tabulation,
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Table II

Distribution of Gestation Periods Accordinz to Their Daration

Humber of Czalves ; Distribution of Geststions
Iength of§ § ; § f §
aestetion: Male : Female : Total : Hale : femsle : Total
Days ; ; ; ; % ; % ; y
251 : 15 : 2 . 17 i 8.4 . 1.1 @ 4.7
261 : 25+ 9 .+ 32 i 1.7 . 5.2 : 9.1
271 i 69 i B0 i 149 . 58.3 . 45.7 . 42.0
281 : 69 : 75 i 147 i 38,3 :  42.8 . 40.6
21 i 4 i s i 15 . 8.8 . 5.2 : 3.6




In order that & elesrer conception of the connection be—.
tween the sex of the cslf snd tke length cof gestation reriod
mey be obtsined, the nercenteire of the czlves of esch sex
carried through gestation reriods of varioas lerngths have been
determined., Only 355 gestsztions conld be used for this par-
pose snd they ere tabalated in groups varying in durastiorn by
ter days, The first group includes gestztions of 251 to 260
deys, the secord groun is made mp of gestatiorns of 281 to 270
d=ys, ard so on, Jestations of less than 260 days ané those
approaching 300 days in length mast be looked on as somevhat
abnormal =lthou-h the culves were dropped in good hezlthy

condition,



Table III
Influence of Age of Cow at Freshening on Lexngtn of Gestation Period:
Namber of Calves ‘Average Lengtn of Gestation
AS§w°f Male female Total ]Hale Femsale Totsal
Years Dzys Deys Days
1 1 2 5 285 280 281 '
2 £4 39 33 282 279 231
z 41 22 73 280 279 230
4 26 3l 57 282 279 £80
5 20 20 40 285 279 282
6 11 14 25 282 280 281
7 1z 12 25 282 281 282
8 12 10 22 280 282 Z81
9 4 6 10 282 285 284
10 3 4 7 281 285 - 283
11 4 3 7 284 284 284
12 4 . 4 281 . 281
13 1 2 3 291 2738 =82
14 1 2 3 285 282 283




In determining the infloence of the sge of the cow on
the length of the gestatior period, some of the periods hsd
to be discsrded as records were not svailsble in 2ll cgses
of both the aze of the cow and the length of the gestation
period, As e conseguence only 362 of the 369 periods ere

used for this puarpose,



Yarle IV
Influence of Season of Presnening on Length of Sestation Eeriodi
sZumber of Czalves Average Length of Gestation
Xonth of
Frechening| iale| Female| Totsl ¥2le | Femsle Totsl
Days Deys Dzays |
Jenuary 2 19 32 281 261 261 |
Februsry 20 23 43 278 280 279
Uareh 26 22 43 280 230 230
April 15 11 26 279 284 231
May 11 14 25 279 278 278
Juarnie 14 10 24 278 232 280
Jaly 15 11 26 en7 235 280
Augast 11 14 25 2383 280 282
September 14 16 30 278 279 279
October 18 19 37 231 284 284
November 17 9 26 277 £832 279
December 14 8 22 284 281 283
i




In determining the influence of the season of freshening
on the length of the gestation period, the records were tsba-
lated by months, It was szein necessary to delete = few re-
cords so that only 364 are available,

Discassion of Lesults

When 811 the records availsBe for this study are taken in-
to consideration it is found that the sverage lergth of the
gestation neriod for dairy cows is 280 deys, There were no
significent varietions so far ss the breed of the cows wass con-
cerned,

It nas frequently been stated and is & very common beligf
that the periods of zsestation during which bull calves ere
carried are longer than those for heifer calves, The aversge
of all the records stadied here however, shows'an aversge gesta-
tion period of 280 dsys for botk ball and heifer calves, Om
studyinz the distribution of the gestation neriods of various
lengths, it is found that Z8.3% of the male calves were dropped
sfter a period of 271 to 280 days in utero while ar e usl ner-
centage of them were drop-ed alter 281 to 290 days in utero,
The correspondinz figures for the heifers sre 45.7% and 42,8%,
This shows that the gestution neriods are more closely grouped,
so fer as doration is concerned, in the csse of heifer calves
than in the cuse of ball cealves, +hen the extremes sre con=-
sidered, it is fourd that 21.,1% of the bull snd 6,3% of the
heifer calves are cerried in utero for 270 daye or less while

2,3% of the bul: and 5,2% of the neifer cslves are carried for



291 deys or more, This does not indicate any greater length
¢f the gestation period in the case ol buil culves,

Tpe age of the cow &t trhe time of freshenrning and the season
of freshenin; e.e fuctors which =1lso sppezred to have no in-

fluence on the length of the period of gestation.



Summery

Prom the dsts studied nere it was found thet:
1. The averszze lerngth of the gestztior veriod in dsiry cows
was £80 days,.
2e This was n.t affected by the breed of the cows,
Se The sex of the cclf had no a psrent influerce on the

length of the gestation period,

4, Male end femsle ceslves were drorped in mractically egual
nunbers,
D, On the average 82.6% of the caives were csrried in ut ro

for a2 period of £71 to 290 days,

6. The age of the cow st the time of fresheniny wes withoat
influence on the duration ot the zestation period,

7. The length of {the gestetion reriod was not influenced by

the season of freshening,



1.

2e
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Studies in the Growth srd Huitrition of Dairy Calves

17, The ZEirth Weighte of Calves

In spite of the fasct that meny feeding trials heve been
conducted with dsiry eanlves, few revorts sre to be found re-
garaing the birth wei ht of ceclves arnd the factors that in-
fluence them., The fe reports azvailsble however contain dats
on several hundred snimsls srd so are of considersble wvelume,
except in the case of some breeds,

Hesume 0f Previous work

The vwiork so fer reported on this subject can be very
easily sammarized as Herry & Morrison (2) reported +the work
aveilsble from sll experiment s*ctions while later Eckles (1)

pablished dats in similar form,



Table I,

Lieported iverage Birth Weights of Dgiry Calves
{

Xumber Averagze Weight Kelation of
of ilales Femsales Total Weight of
Breed Cslves C=1f to Veight
of Dem
1bs, 1bs, i 1bs, %

Henry & Morrisom (2)

Ayrshirel 34 A 74 76 7.8
Guerrnsey; 57 75 68 71 7.1
Eolsteinjl04 94 85 89 7.7
Jersey {119 58 45 55 6.1

Zekles (1)

-1
[ )]

Ayrshire} 53 65 69 649

Holstein|154 38 90 8.0

W
[$))]

Jersey 1196 58 53 85 65




L T O A

Eckles (1) noted that the first and secord calves of heifers
were somewhat nesvier thar theose borre ot leter sges bat that
0ld cows ternded to nave em:11 c¢szlves, Ze =lso found that smell
calves were often delivered after short _.estation periods and
large celves cfiter long periods, bnt betwesn these extremes
there was no eviderce of correlation betweer the weight of the
calf and the length of the gest.tion period,

Y
Eomer

jode

rmentel York

]

A digest has been made of the Herd records kept at the
Dairy Ferm of Iowa Stetc Colleze from December 1907 to November
1921 inciuasive and thne work reported here includes deta on 369
calves and is closely connected vwith the materiel prcsented in
Paper I of this series, Only records on single cnlves are in-
eluded, es it wes thought best to treat them alune and the
nunber of twins was too smcll to reolly justify treatment here,
An attempt has been mude to study some of the factors which ~ight
be presumed to have some influoence on the birth weights of

celves,



Table II
Average Birth Weights of Calves
{ Rumber of Celves sverage Birth Veight
No. of J

Breed Cows ; lale Femsl Total Male| Female Total
Parebreds lbs}p 1lbse, 1bs.
Ayrshire 14 15 20 35 68 65 66
Guerrsey 25 42 35 77 66 61 64
Holstein 28 41 58 74 97 89 94
Jersey 31 38 515 73 55 52 b4
Grades

Ayrshire 2 2 — 2 60 - 60
Guernsgey 21 2z 26 48 68 63 65
dolstein 14 20 17 a7 83 77 81
Jersey 10 7 12 19 55| 53 54

.

Scrabs 4 2 2 4 67 51 - 59
Grades 47 51 55 106 72 65 68
Purebreds 98 136 123 259 73 66 70
All Caives 149 189 180 269 72 65 69




In the genersl summary the breeds have been kept separate,
and the scrubs separzted from the zrodes and puredreds. 2
sex distinction was 2lso been made, The scrubs and grades
were z2nimels osed in investigstionel work, 4 considersble
nomber of grades, of the vsrions breeds except the Ayrcshire,
ere included, These grasdes vary considerably, as some of
them sre the result of bnt ome cross of parebred bulls an
serub cows, while others arc the result of two and three &rné

in one case four crosses of parebred balls,



Psble III
Inflpence of ige of Cow &t Fresherning on Birth Weight of Calf
Nomber of Calves Average Birth wWeight of Csalves
Aze of]

Cow Male Temsle Totel Mele Femsale Total
Years 1bs, 1bs, 1bs,
1 1 2 3 97 64 75
2 46 39 85 65 64 64
3 41 33 74 75 67 1
4 26 31 57 78 68 73
5 20 20 40 77 69 73
6 11 14 25 70 65 67
7 13 12 25 79 62 71
8 12 10 22 72 73 72
9 4 6 10 67 76 72
10 3 4 7 79 57 66
11 4 3 7 70 55 64
1z 4 _ 4 62 — 62
13 1 P 3 65 54 58
14 1 2 3 60 59 59
15 — '__ — — _ __
16 1 — 1 60 — 60




On stodying the influoence of the age of the cow st the
time of freshening on the birth weight of the calf, a few re-
cords haed to be deleted as the age of the cow and the birth
weight of the calf were not alwsye avcilsble, Conseguently,
only 366 records sre available for this vart of the work.
~ The age divisions zre each of ome yesr, for example, the two-
- year cld group includes &£11 cows two yesr old bat under three,

Cows from one to sixteen years of age are included,



Influence of Welght 02 Cow at Freshening om Birth weight o
Average 3irth Weizht

Table IV

£ Calf

relstion of E

Jumbsxr of Calves of Calves
Feight ‘eight of
of Cow { Male Femslie Total Mele Female Totz1Leslf to
jeight of
ham
1bs.: 1bs, 1bs., 1bs. 4
. 700 5 5 10 57 52 55 7.3
8C0 7 11 13 58 58 58 6.8
i 900 25 26 51 64 59 61 6,4
1000 32 25 58 72 60 66 6,3
1100 20 25 45 73 71 72 63
- 1200 14 19 32 82 72 76 6.1
1300 7 10 17 83 86 84 6.2
1400 10 g8 | 18 103 92 98 | 6.8
1500 5 2 ; 8 101 97 100 | 6.5




The number of czses in which the relationship of the weight
of the cow at freskening to the weight of the calf at birth sre
more limited than in some of the other sindies ss in the
earlier part of the period from which the records are teken
the cows were not weizhed regulerly., Through the greater por-
tion of the time, however, the cows were weighed weekly and the
last weight before fresheningz wzs considered to be the weight
of the cow at freshenin:, This renders 258 records =vsilable,
The cows were then dsssified sccording to weight, Those weigh-
ing 790 poards to0 799 pounds were pat in the 700~-poand group,
gnd so on, The true gverzge live weisht for each group was
not determined baut it w s presumed to be 750 pounds for the
cows in the 700-pound ;romp, =nd so on, The weights arrived
at in this wey were those ased in determining}the percenteze of

the 1ive weight of the dam that the weight of the c¢:1f represented,



Table V

Infloence of Season 0f Fresheninz on Birth Weight of Calves

Kuanmber of Calves

Average Birth Wei

zht of Calvesf

Month of
Preshening | l=le Female Total Mele Femsle Total
lbs, 1bs, lbs.
. Janunary 12 18 30 75 66 70
February 20 23 43 74 76 75
. March 28 23 51 75 67 72
- April 15 11 26 66 63 64
f Mey 12 13 25 71 60 65
Jure 13 10 23 72 58 eAs
 July 14 11 25 | 59 66 62
| Anzust 11 16 27 72 68 69 :
~ September 14 17 31 73 61 67
. October 19 20 39 76 62 69 :
. Hovember 17 10 27 74 73 74
. December 14 8 22 77 69 74




All of the records were svecilsble for determining the
inflauence of the season of freshening on the birth weight of

the e¢=21f, These records were arranged by months,
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Influence of Length of Geststion o

.Homber of Celves

_Birth Weight of Calves

Lverage Birth Weight of Calves

Length of

Gestetion | ¥=le Femele | Totsl Hele Fensale Total
Deys ivs, ivs, 1bs,
251 15 2 17 75 43 71

261 23 9 32 70 68 70

27 69 80 149 73 65 69

281 69 75 144 73 65 69

291 4 9 13 69 ™ 74




In considering the influence of the length of the gestation
veriod on the birth weight of the czlf, the gestation periods
have been tsken by ten-dzy gromnvs, for examvple, gestations of
261 to 260 dzys hsve been grouped together, On'y 355 records
were availsble for this —nrpose,

Discassion of Results

When the puorebred czlves z:e seperated out according to
breeds, it is foand thet the Bolstein calves lead in weight and
are followed by the Ayrshire, Guernsey &nd Jersey cslves, The
bull calves are hesvier thaxn the heifers in esch breed, The
grades, with the exception of the Ayrshires whick sre too small
in nomber to be of significance, aporoximate the purebreds in
birth weight, On the averaze the scrub calves have the lowest
birth weight and the purebreds, the highest, When 211 classes
ére groaved tozether, it is found that the averzge birth.weight
is 72 pounds for the bull cslves, 65 pourds for the heifer czlves
end 69 pounds for =11,

The age of the cow 2t the time of freshering mey have some
influence on the birth weight of the cnlf., Tre weights for
the czlves of yesrlings are high, due to the fact the ome bull
cozing in this group is well sbove the average in birth weight,
Leaving this class ont of considerstion however, it woald appear
that there is some slight rise in the birth weights of the
celves a8 the cows go from two to five years of gge; from then

on there is & tendency for the calves to be of lower birth weight.



As the cows ineresse in weiszht from an averzze of 750
.ponnds in the first srouvn to an sversze of 1550 pounds in the
lsst zrounp the =2verage birth weights of the ca2lves from these
cows increase, This is true for both the msles and femsles
erf the aversge of 2li, In the cese of the aver.ze the in-
crease was from 55 pounds to 100 pounds, Zhe relstion of the
oirtn weight of the calf to the weight of the dam, when ex-
pressed as & percenta,ce of the live weight of the cam does not
foilow this however, It decresses from 7.3% in the 700-pound
cow sroap to 6.1% in the 1200-poand sroup sué ther shows
irrezular incresses smong the groaps of greater weight,

It csnnot be szid that there is any very definite veri-
ation in the weizht of the calves dropved &t differert seascns,
However, it does unnesr thnat the avers;e birth weights of the
celves dronped ir the months of April to October inclusive are
lower then the weights of those dromped &t other times, With-
in those two main periods however, there are irregular vsri-
ations from mon:h to month,

The length of the gestztion period has little influence on
the birtk weights of the cslves. However, when ‘he gestetion is
sbout the average in length, the czlves are nesr the 'average in
birtkh weight and es the gestetion period vesries from rormel the

birth weight of the ezlves anpesrs to inerease sligatly,



Summary
After considering the dsta presented here the following

stetements msy perhasps be made,

l, The average birth weights found for the czlves studied were
72 pounds for males, 65 pounds for femzles, snd 69 pounds for
21l calves,

2. 0Of the purebred c:lves the Eolsteins were the hesviest znd
they were followed by the Ayrshires, Guernseys and Jerseys,

2. The serab calves had the lowest sversge birth weight and
the purebreds, the hishest, thou h the grades aoproximeted the
parebreds in weight,

4, As the cows incresse in age np to five years, the average

_ birth weight of the c=lves anparerntly increasses., IFrom then on
there is an irrespler decrezse in the wei:hts of tThe calves,

£, With an incresse in the weight of the cows there is an in-
creese in the birth weight of the ealves, thoush this is not im
direct proportion tc the increazse in the weight of the cows,

It is not possible tc determine from the dzta svallable Just
how closely the incre:zse in weignt of the cows follows advzne-
ing age, T-.e¢ two fsctors ere correlated to & certecin extexnt and
it is difficult to determine which one is of more importarce,
6, It may be true that celves dropped from April to Ocvober in=-
clusive &re lizhter than those drommed during the rest of the
year, There are fairly wide vsristions in the birth weizhts of

the cslves dropved in each of those periods however,



7. The length of fhe gestation period has little influence

on the birth weight of calves, bat the more closely the gesta-
tior sw»oroeches rormsl in length the nearer sre the birth
weights to normal, As the zest=2ticons recede from normal the

greater become the birth weights of the ecelves,
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S¢ndies in the Growth and Fatrition of Dairy Calves

III, The Rste of Growth of Dairy Feifers

In investigationzal work it is fregumently found that & new
unit of mesasurement, with which the results obtaired can be
commeared, is necesssry, In view of this fict it was deemed
essentigl that curves for various forms of growth in celves bdbe
obtained, ©Such carves obtained from measurcments of animals
fed and growm out aunder normal conditions are extremely usefal
as bases with which to compare the growth of enimals under.
experimentsl conditions, ILittle work of this character is at
presert avsilable,

Hesome of Previous Work

Prectically the only work reported on the rztes of growth
of neifers is that by Zekles (2) who worked with Ayrshires,
Holsteins =snd Jerseys and there the rste of growth to two yesrs
of age, when exoressed zs o percenrt:ge of the birth weights wnd
measurements appears to be most rupid in the Jerseys with the
Ayrshires second, This confirms genersl observetions regarding
the more ranid development of the smaller breeds of deiry catile,

Jo effort will be made here to discuss the maeny factors
which control growth dbut it msy be noted that Waters (5) on
feeding cslves from the time of birth on rations of various

ty-es, from seanty to full-fed, found that in the early stages



9f developnent growth in height was more rspid thanm growth
in width, Later however, the zgrowth in width temnded to be-
come more rapid, Zckles (1) confirms this observation that
the growth impulse is decidedly stronger in the skeleton tran
in the fleshy parts of the body,

The resnlts obtained by YeCundlish (3) on feeding an un-
suitzble ration to young calves tend to give evidence in the
seme direction when the incresses in live weight snd body
messurements are considered, Tke normzl animzls with which
the abnormelly fed individusls were compared showed the
greatest percents e increzse ih live weizht than in body
mezsurenments, dbut it was found that the decresse in perceﬁtage
sein in live weight from the normal incresse was grezter than
the aversge decrease in percent=ze gzzin in live weight was only
30% of normel, while the majority of the body dimensions in-
creesed a2t 50% to 60% of the normzl rste, This would indicate
that while under normsl condéitions gsins in body weight are
more rapid than body messurements, yet under adverse con-
ditions the stimuli which csuse increase in skeletsl dimensions
are not retarded so essily as are the stimuli which induce
inereases in live weizht,

A factor of note in post-nztel growth is the decresse in
weight whick is sometimes said to occur rormzlly for some
time after birth. Abnormal decreases ure of course to be

found in the case of many animnls which zre not vroperly



noarished or asre stunted in some way at that time, Ko reports
of this cheracter have been noted with calves, ZKobertson

(4) however, has reported on the averaze loss of weizht of
Soath Australizn infants during the first weez afler birth,

He states that the post-natal loss of weight is dne to the
mechanieal shock at birth, and to the natritional charzes tak-
ing plsce 8t *.at time. He finds thet the sverage loss due

to these foctors is 9,2% of the birth weight,

Post-rztal loss is sometimes attribated t> the fset thut
the young do not receive ¢« sufficient supply of nutriexnts
Guring the first few dzys sfter birth. This can herdly be
looked on =s the sole czuse of the loss however, ac there is
post-natal loss in weight in zninee pigs, which have reached
suck a stege of development at birth that they can resdily
forege for themselves soon after that fine,

Experiments]l 7ork

The date reported here has been collected from & group
of 40 neifers thzt have been rasised from birth to producing
age on the Iowz Stete Coliege Dairy Farm, These heifers zre
part of those discasee2 in Paper II of this seriesg, The chkf
reeson for obtzining the date wss to have 2 growin curve %o
uase as & besis with whieh the rates of growth of animels used
in experimental work might be compared, fThe data wes collected
in the years 1916 to 1920 inclusive,

Purebreds and gredes of the Guernsey, Jersey and Holstein

breeds, snd purebred Ayrshires wére used in this work but so



far no attemnt has been mude to srrive at breed charseteristics,
2s the numbers of animsls in the various groaps a8t present
wonld be too smell for such purposes, The animsls have been
grouped nowever, according to the sezson of the year st which
they were dropned, Winter cslves include those dropved from
October 1 to lareh 31 and sammer calves sre those dropned
from April 1 1o September 50 inclusive, There are 24 heifers
in the winter and 16 in the summer group, 41l of the heifers
were resred under -enersl herd conditions,

In sddition %o the genersl picce of work, considerstion
may be giver here to results thet were obtsined on weighing s
Tew c:zlves daily Tor ten days efter pirtn, In this limited
test one heifer and four bull calves were uased zand the re-

salts obtined with them are tabulasted,



Table I

Change in Weight of Calves for Ten Days After Birth

Calf | !
No, Sex Birth 1 2 3 L 5 6 ! 7 8 9 10
:
Ive,i1bs,i 1bsulbs, Lbs, ] 1bs, 103% l:sd 1lbs.}l s 1lbs,
]
381 M 8% |87 j91{94i91{85 {87 {89 §8 (83 {91
. : i
382 X 52 |54 {55155 58 {55 | 54 {55 {57 i55 {553
|
384 F 64 {62 |65 !62161159 {59 {59 {60 60 |61
286 M 108 {06 N04 100 |97 |97 {102 {102 {101 %99 99
.
387 M 70 |78 {71 |67 /65165 | 60 !59 |60 |62 |63
: |
Avercge 77 {80 {80179 {78}76 |76 {76 | 77 {76 7V
Percentsze
of Birtk | 100 104 ]04 103 §05/95 | 29 | 99 1100 {99 1OO
Veighkt l ! : !




The general scheme For obteiringz body measuremerts and
weights of the heifers useé in the mejor portior of this
work can be ouatlined shortly. ZZzch heifer wse welghed at
birth, Then .an the three consecutive days at the middle of
each calexdar month 11 the keifers were welzhed and on one
0% these days the body messurements were vaken, This metvhod
was nursued to avsoid continuows weighing of the enimsls, The
three consecutive weighings obtined were averaged and then the
aversge o0f the first series =nd the aversze of the second
series of weighings were cveraged to obtein the wei hts of
the 2nimals 2t one mont:x of gce., This method was then |
followed tarough to The {time of freshening., It is believed
that it glves 2 rescsonably true svercze =s at the first
weighing the cnimels would range up to 30 days of sge and at
the second from 30 To 60 days of age and the aver-ge of ell
would be 20 dsye oF age,

Tae cody messurements tiken were the heizht st withers,
depth of chest and width of hooks, These measurements were
averaged in the same way as were the live weights, Lo measure-

ments were tskexn st virth however,
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Table II

Aversgze Live Wieights and Body lessurements of Winter Cslves,

Percentaze Increase

Age : Iive : Height: Depth: Fidth: TIve

a0 o0 00 o0

: T Height : Depth : Wldih

Yonths: Teight: : : Weight: : :

: 1bs, = in. : in, : in,: % : % : % %

Birth : 68 : : : : : : :

1 : 91 : 28,7: 11.6 6,92 34 : :
2 : 120 20,7: 12,6: 7«52 76 7 8 9
3 : 163 : 32,9: 14,2: 8.5: 140 : 11 22 : 23
4 : 210 34,8: 15.,4: 9.4: 209 21 33 36
5 : 262 : 36.,4: 16,7: 10.2: 285 : 27 44 48
6 : 217 . 38,4: 17.,9: 11.0: 266 4 54 59
7 : 373 39.,8: 18,7: 11,.8: 429 39 61 (sl
8 : 424 £1,0: 19.7: 1l1l2.8: 524 : 43 70 86
9 : 467 42,2: 20.,3: Seb: 587 : 47 75 94
10 : 500 : 42,9: 20,9: 1Z.8: 635 : 49 80 : 100
11 : 533 : 42,7: 21.,5: 14.2: 684 : 51 85 : 106
12 : 569 : £4,5: 22,0: 14,8: 737 = 55 80 114
13 604 : 45.,1: 2:3.,6: 15,3: 788 : 57 95 122
14 : 644 : 45,7: 2£.8: 15.6: 847 : 59 97 126
15 680 : £6,1: 23.,4: 15,.9: 900 : 860 : 102 : 130
16 : 708 46,5: 23,8: 16.3: 941 62 : 105 : 136
17 729 £649: 24,0: 16.5: 972 - 63 : 107 : 139
18 : 750 : 47,3: 24,2: 16.,7: 1003 : 65 : 109 : 142
19 : ™7 47,7: 24.,4: 17,1: 1042 : 66 : 110 148
20 : 806 : 47,9: 24,8: 17.5: 1085 : 67 : 114 : 154
21 : 834 : 48,3: 25.2: 17.7: 1126 : 68 ¢ 117 : 157
22 : 861 : 48,5: 25.,4: 17.9: 1166 : 69 : 119 : 159
23 894 48,9: 2b.6: 18.,1: 1215 : 70 : 121 : 162
24 : 922 48,9: 25,8: 18.,5: 1256 : 70 : 122 : 168
23 : 1010 : 49,4: 26.,4: 19.,5: 1385 : 72 128 : 183
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Pable III

Average Live Weights and Body Measurements of Summer Calves

3 : : : H : Percentage Increese
3 Age ¢ Live : : : : : :
2 Months: Weight: Height: Depth: Width: Live : Height: Depth: Width
: : : : : Weight: : :
_ : 1lbs, : 4in, :im, : in, : % : % : % : %
4 Birth : 64 : : : : : : :
* 1 : 89 : 28,7 : 1l.4: 6.3 : 39 s : :
2 : 119 : 30,7 ¢ 1Z2.8: 7.3 : 86 : 7 12 : 16
Se : 163 : 32,7 : 14.,4: 8,3 : 155 : 14 26 32
4 T 212 i 34,6 ¢ 15.,7: 9.4 : 231 : 21 : 38 : 49
5 T 262 i Z6.4 : 16.9: 10,2 : 209 : 27 - 48 62
6 t 309 1 3842 : 17.9: 11.4& : 383 : 33 : 57 : 81
7 : 385 29,8 : 18,7: 11.8 455 39 : 64 - 87
8 : 396 : 40,8 : 19.,5: 12.,4 : 519 : 42 71 97
9 T 429 1 41,8 : 20.,1: 13.0 : 570 : 46 : 76 : 106
10 : 464 1 42,5 1 20,7: 13.4 : 625 : 48 82 : 113
11 : 504 : 43,3 : 21,3: 14,0 : 688 : 51 : 87 + 122
12 T 540 : 43,9 : 21.,7: 14.4 : 744 53 : 90 : 128
13 : 576 : 44,5 : 22,2: 14,8 : 800 : 55 : 95 + 135
14 : 607 : 44,9 : 22.,6: 15,3 : 348 : 56 : 98 : 143
15 T 689 1 45,3 : 23.,0: 15.4 883 : 58 :+ 102 : 144
16 : 651 : 45,9 : 33.2: 15.7 : 917 60 : 104 : 149
17 : 876 : 46,5 : 23.,6: 15,9 : 956 : 62 : 107 : 152
18 T 698 : 46,9 : 24,0: 16.3 : Yul s 62 ¢+ 111 : 159
19 T 720 : 47,3 ¢ 24,2: 16.5 : 1025 65 ¢+ 112 : 162
20 T T49 . 47,5 1 24.6: 16,7 : 1070 : 66 : 116 : 165
21 : 782 : 47,7 : 24.6: 17,1 : 1122 : 66 ¢+ 116 : 171
£ 22 : 815 1 47,9 : 256,0: 17.5 3 1173 : 67 : 119 : 178
g2 : 844 : 48,3 : 2b.,4: 17,5 : 1219 : 68 : 123 : 181
24 T B74 : 48,5 : Z5.,4: 17,9 : 1266 : 69 : 123 : 184
29 : 941 : 49,2 1 26.2: 18,9 : 1370 : 71+ 129 :+ 200
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Table IV
Average Live Weights and Body Messurements of All Csalves
: : : : :_ Percentegze Increase
gAze : Live : Heiglit: Depth :Width:Live : : :
Arvonths: Weight: : : :Teight ¢ Height: Depth : Width
: 1lbs, : in, : in, : in, : % : % : 4% : %
% Birth 67 : : : :
# 1 : 80 : 28,7: 1l.,4 : 6,7: 34 : :
5 2 : 120 30.7: 1E48 : T 5: 79 7 i1 : 12
3 3 : 163 : 32,9: 14,2 : 8,5: 143 15 25 : 27
g 4 : 211 34,8: 15.4 S.4 216 : 21 3 : 40
§ 5 262 36e4: 16,7 : 10.2: 291 27 47 : 52
% 6 : 314 : 28,4 17.9 : 1l,.8: 569 34 57 : 67
§ 7 ¢ 366 : 359,8: 18,7 : 11.8: 446 : 39 64 : 76
£ 8 ¢ 413 : 41,0: 19,5 : 12,6: 516 : 43 : 71 : 388
2 9 i 452 :  42.0: 20,53 : 13.2: 575 + 46 : 78 : 97
2 10 : 486 : 42.,7: 20,9 : 13.6: 62c ¢+ 49 83 : 103
11 : 521 43,5: 21,5 : 14.2: 677 : 52 89 : iiz2
12 : 557 : 44,3: Z1.9 : 1l4,.6: 731 54 92 . 118
13 : 592 ¢J: 2244 : 15.1: 784 : 56 g6 : 125
14 s 628 : 45,5: 22,8 : 15.,4: 837 : 59 100 : 130
15 : 659 : 45,9: 2342 : 15,7: 334 60 104 : 134
16 : 685 46,3: 25,6 : 16,1: gz2 61l 107 : 140
17 : 708 : 46,7: 23,8 : 16.,3: 957 : 63 109 : 143
18 : 729 : 47,1: 24.2 : 16,5: 988 : 64 112 : 146
19 : 754 47,5: 24,4 : 16,9: 1025 65 114 : 152
20 : 784 47,7: 24,6 : 17.,1: 1070 : 66 116 : 155
21 : 813 : 48,1: 25,0 : 117,3: 1113 68 119 : 158
22 : 852 48,3: 25.2 : 17.7: 1171 68 121 : lo4
23 : 874 48,5: 25,4 : 18,.,1: 1204 - 69 i23 : 170
24 : 903 : 48,9: 25,6 : 138,7: 1248 : 70 185 : 179
29 : 982 : 49,4: 26,4 : 19.3: 1266 : 72 = 132 : 188
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Discuossior of Eesults

It will be noted in the tabulation that the live weights,
startin.: at one month of age, are tarulated by months until
the age of two years is reached, After that age the heifers
were dropned from the work as they freshened and the live
weights snd body measurements are conse.nently omitted alter
that with the exception of the averages for the enimals at
the time of freshening, The averuge age of freshering was
29 months for each groap.

In sarveying the results obtained on weighing calves
d:ily for 10 days after birth it may be szid thet immedistely
after birth the c:lves appear to gzsin 4% in live weight,
probably due to irntestinel £il15 =and then gfadually decresse
antil they heve reached only 1% below their birth weights
and then come back to normal, These resualts do not indicsate
any merked changes in live weight immediately following birth,
thouzh there are somewhat grcster changes iIn individusal csses,

The winter calves averaged 68 pounds in live weight at
birth, the summer calves 64 pounds, end the total 67 pounds,
This does not introdace any varistion of importasrice,

There are veristions from time to time in the rates of
development of the two groups of heifers but at the age of
two years the winter heifers exceed the sumuer heifers im all
body measarements and in live weights, but have excelled the

summer heifers in only one incresse - the percentsge incresse



in height, By the time the age of freshening is resched
however, the wintexr heifers are excelled only in the per-
centa e increase in depth of chest and width of hoeks,

The significerce of this is probably not g.eat, especially
as the winter heifers were larger .nd heavier than the
sammer heifers st the time of freshening,

Formulse have 8t various times beern presented for the
calcalation of the live weizht of various classes of live
stock from body dimensions., Withoant discucsir; the acecaracy
or practicability of sneh methods s ¢nble is presented here
which shows that from the dsta obtszined in tkis work, it
was observed that there was = fairly constent relstionship
betweer the live weight in pournds &nd the produet of the
height, depth ard width ir irchkesz, ©This ratio is approxi-
metely 1:25, It holds fzirly well for the averages of the
groan but would very comsiderudly with izdividuals, There
also a~pears to be & variation connected wi'h the asges of
the animals ss with the yoanger animals the ratio tended to

become narrower while it widened with the older irdividuals,
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Ratio of Average Live weight of Csives in Pounds to

Product of Aversge Height, Depth and width in Inches

Age Ratio
Months 1:
1 24,5
2 24,6
3 24,4
4 23,9
5 23,7
6 24,5
7 3.9
8 24,4
9 24,9
10 24,9
11 25,9
i2 25,4
13 25,7
14 25,4
15 25,4
16 25,7
17 25,6
18 25,9
19 26,0
20 25,6
21 25,6
22 25,3
23 25,5
24 25,9
29 25,6
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Sammary

From the data presented here a few faets 2ppear to be
in evidence,

1. There is apnparently little indication of & post-
natel loss in the weight of calves,

2. The live weight of the enimsls shows the most
rapid inecresse,

3. When the body meesuremernts tuken are considered
it is fournd that in repidity of increzse their ramnk from
the highest to the lowest is width, depth and height,

4, 3Between winter and summer heifers there eappecrs
Y0 be lit:le difference except that the winter heifers
reach & greater welght and gsreater body measuarements by
the time of freshening than do the sumrer heifers,

5., There zppesrs to be a f irly definite rstio be-
tween the live weizntv of the animals in pounds and the pro-

doct of the height, depth snd width in inches,
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STUDIES I TZ:Z GHOWZE ARRD HUTRITION OrF DAIEY CALVES

IV, 73x FuZD COST OF GROWING D/ IRY HsIFEES



Studies in the Growth and .Jutrition of Dairy Calves,

IV, The Cost of Growing Dairy Heifers,

Every year five to six million heifers are needed to re~
place the o0ld and unproductive cows that are weeded out of the
dziry herds of the United Stautes snd to incresse the namber of
covs re-uired to susment the supply of dairy products needed
by the coantry,

Unfortaunately in too marny cssesg little attention is given
to the proper raising of the youns heifers that are ultimately
to take their plsce in the producing herds of the couantry, |
Meny celves are improperly fed from birth, while in an even
lzrzer number of cases the ealves are reared well antil weaning
time when they sre turned loose to rustle for themselves, In
either cese, when the heifers reach producing age they ténd to
be stunted and sre generally andernourished, unthrifty and in
poor condition, Such heifers can not be expected to do their
best work vuen they come into the producing herd., The jmproper
reising of heifers is a factor of great influence in causing the
low average produmction of milk and batterfst in many of the dairy
herds of todsy,

Many men meke a practice of rsising heifers and then sell-
ing them without having an ldea as {0 the cost of production,
The feed cost of raising heifers exceeds in amount all the other
cost items combined and it was this fact which prompted this

stodye.



Eesume of Previous Work

Few trisls are reported on the feed cost of raising
heifers and only one of those renorted carries the heifers
through to oroducing age. In reviewing the literstare
therefore, onrly the studies which carry the heifers to two

years of nge or over gre considered,



Table I

Feed Eequnired by Dairy Heifers

|
Anthority Bennett Hayden Trueman

! & Cooper (1) (3) (5)

No, of Heifers 17 37 5

Months Fed 24 fresh at 24
26%

Feeds ; 1bs, 1bs. 1bs,
Whole Milk ; 342 » 459 445
Skinm ¥1k i 3165 3330 2952
Grain 547 1710 737
Dry Eoughage 2649 2634 3145
Silaze & Soiling 2602 4042 2938
Pesture, Dsys i 294 32z 330

i
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Of the three stadies reported only the orne carrying the
heifers to producing sge and ‘'ne of these carrying them to
two years of age inclnde large enongh numbers of animsls to
be of the greatest significance,

Experimental Work

The data reported here is obtained from a record of the
growth and feed consumption of & groap of forty heifers grown
to producing age on the Iowas Siste College Dairy Fsrm, in the
years 1916 to 1921 inclusive, They &1l ultimetely entered the
producing herd,

Purebred end grasde heifers of the Eolstein, Guernsey‘and
Jdersey breeds and purebred Ayr:zhires are included, iNo attempt
is made to determine breed distinctions as the lots would be
mach t00 smell for that parvose, An effort was made, noweveyl
to determine the differerce in feed cost of production'of heifers
that were dronped in f21l and winte: on the one hand, and
those that were drovped in spring and summer on the other nrarnd,
winter calves were taken to be those dropnped between October 1
end Horch 31, while summer calves were considered to be those

dropped betweeu April 1 and Sepiemver Z0,.



Table II
Animels Used
__Winter Calves Summer Calves All Calves
Breed ko, 0T |Per Cent | NOo, OF Per cent | Ho., 0T | Per cent
Animsls vof Total |Arnimals of Potsl Animsls | of Total
;
Ayrcshires 4 10.0 2 5,0 6 15,0
Guernseys 8 20,0 7 17,5 15 37.5
Bolsteins 9 2245 3 7¢5 12 30,0
{
t
Jerseys 3 7e5 4 10,0 7 17.5
Total zé ‘ 60,0 i 16 40,0 40 QO0.0




The cslves used in this work were being rsised to come

into the vroducing herd znd were kept under normal conditions,

411 were sllowed to run with their dams for a few days sfter
birth and were then put on whole milk which was fed for
periods longer than is generzlly considered most econcmical,
Gradually 811 cslves were chan ed over to sxim milk irstead

of whole milk, The skim milk was tlso fed for & comsidersble
period, 4is & conseyuernce it will be Found thst a lar.:e number
of the calves were receiving whole milk uap to nesyr six months
of sge snd skim milk for another period of abomt six months,
In one cuse whole milk wes fed after six months of age end
skim milk after one year of age, This shows u~ in smell smoants
in the sveragzes,

It wil® be seen therefore, thet the policy was one of
liberel milk feeding and concentrates were aolso ellioved in
grezter proportions than are generslly ~rovided, The feeding
of grsin wac started et sbout a few weekis o0f age and was sllowed
liberally whern needed, The szme holds tr:e for 21f21fa hay,
Only relatively smsll smoants of non~lesuminous rou: hnsges were
allowed and they were feé to the heifers only wnen no other
meens of dispossl was available,

Pastore was sllowed et 211 possible times as was silcge
thouzh generglly not in lerge asmounts as it waes uspslly not
available in large amca.ts affer the producing herd had been

allowed for, Soiling was provided in smsll smounts orly on



special occasions, Salt and water were provided st free will
at 811 times, with the exception of the calves receiving milk
durirg wirter uné they hsd access to weter bat twice deily,

In distinguishing between the feeding of the winter snd
summer calves it msy be ssid thet the winter czlves were not
gilowed to pesture until srrings, while the summer calves were
Jenerelly 2 little yourger wher sllowed to pesture, During
their first summer the winter culves were 2llowed grain liber-
ally snd iz the fgll - vher they were s year of zze - a more
libersl allowarce of feed could be sllowed them than was given
to the samner heifers which were of younger =zze, In the follow-
ing summer little grzin wes zllwed ir any cuse, bat when the
animals of both grouns were getting ready to freshen, liberal
allowanees ¢f grain were ziven - the winter heifers getting
more then the cthers, acs they freshered later in the jesr,

The prcetice was to have 211 heifers, ss nesrly as possible,
fresher ir the f211 cr winter but this wos not elwzays possitle,
due to differerce in =mge., Conse. unerntly, it wags foand on
studying both lots, winter ard summer dro-ped heifers, thet
they had come t. vroduction et the same sverzge gge of twenty-
nire months, Throughout this study, czlerdsr nonths are not

used, as it has been found mecre convenient to condider each

f

morthly pe:iod as thirt

ey

cys; the fi:st pcriod beginning with

the day on which the heifer w:s borm,



Table III
Averzge five Teizht Gains per Heifer
Winter Calves SammeYr C-1ves I AIT Calves
Age weizht z;gli'nsix Total | veignt t Gain Total (|weignt|celn Total
¥onths Months ;Gain for six{ Gair for six | Gsin
months months
1bs. lbs, |1bs, 1bs, lvs, 1bs, § 1bs, 1bs, 1lts,
Birth 68 E 64 67
6 37 249 249 209 245 45 314 247 247
12 569 252 501 540 221 475 | 557 243 490
18 750 181 682 698 158 634 729 172 662
24 922 ine 854 874 176 810 903 174 836
29 1010 88 1942 941 ; 67 877 | 982 79 915




On consulting the data it is found that the winter calves
" were four pounds he-vier than thelsummer czlves at birth bat

atv the gge of fresheninz the vwinter heifers had msde the
grezer guins znd on vhe aver:ge weighed sixty-nine pouands

more thsn the summer heifers at the some age, For convenience
the resuits =zre conbined by ~eriods of sixz months, It will be
found thst the winter heifers éo rno meke s8s gocd aver.ge dsily
gains in 211 veriods of six months as do the sammer heifers but
if the aversge daily gairs Zrom birth ov to any point be con-
sidered it will be found that the winter heifers have selweys
msde the best dzily zeins, At the time of freshening, twenty-
nine months of age, the sveraze d:ily geins from birth were
1,09 pounds for the winter heifers and 1.01 pounds for the

sammer heifers, or an average for all heifers of 1.05 pouands,



A e v e

TR BN AT €A RN WIE A LY AN RN 1 4 T TN £ S AT 07 BN ke, T s

Table IV

Aversge Dgily Live Welght Gain per Heifer

Winter Calves Sammer Calves All Calves
Age For Six | For F r Six For For Six For
Months ¥onths Dotz Horths Totsl fonths Total
Period Beriod Months
lbs. 1bs.,. lbs. lbs. 1bs., 1bs,
-6 1,38 1,38 1,36 1,26 1,37 1,37
12 - 18 1.05 i 1426 +88 1.19 .96 1.23
18 - 24 <36 1,19 .98 1,13 «97 1.16
24 - 29 059 1.09 .45 1.01 053 1.05




To keep down the size of the paper and yet preserve
clarity as far as voscible, the amount of concentrates fed
per heifer for each period of six monthe is givern for each
groap and then the totsl amocunts for each heifer are ziven
in cumolative form up to the time of freshening. In addition

all the feeds consumed are trested in the ssme way,



Teble V

Averege Amount of Concentrates Consumed by Heifers by Six Month Periods,

Lze Cracked Fominy Grournd "heat 2il Cotto .seed Totzal
Yonths Corn Feed Dzts Rran Hesl Xesgl
1bs,. 1bs, lbs. lbs, 1los,. lbs. lbs.

Winter Calves

0-6 139 16 79 63 36 333
§ 6-12 468 29 179 154 7 907
¥ 12-18 407 18 118 112 59 9 723
§ 18-24 23 2 59 70 48 5 419
§ 24-29 345 4 100 106 88 20 663

Summexr Cslves

0-6 174 24 82 61 30 371
6-12 296 57 4 165 1321 66 815

§ 12-18 293 25 88 75 39 2 522
18-24 436 8 93 95 51 34 v
24-29 183 8 81 91 73 426

All Celves

0-6 154 19 80 62 34 _ 249
6-12 439 431 174 145 73 872
12-18 261 20 106 97 51 6 641
18-24 z14 4 n4 82 49 16 541

24=-29 280 5 92 9y 7 13 566




Table

Averzze Cumaletive Consumption

IV

of Concentrates by Heifers,

Total |

lge Cracked Hominy Groand  Wheat 0il Cottonseed
Months Corn Feed Osats Bran eal Mezl
1bs. 1bs. 1bs. lbs. 1bs, 1bs. l1bs,.
winter Calves
0-6 139 16 79 63 36 333
0-12 607 45 258 217 113 1240
0-18 1014 63 376 329 172 9 1963
0=-24 1249 65 425 299 220 14 2382
=29 1594 69 525 505 308 34 3045
Surmer Czlves
0-6 174 24 82 61 30 Z
0-12 570 81 247 192 96 1186
0-18 863 106 - 335 267 1356 2 1708
0=-24 1298 114 428 262 186 26 24285
0-29 1482 122 509 453 258 36 2861
All Calves
0-6 154 19 80 62 4 249
0-12 592 69 254 207 107 . 1221
8-18 954 80 360 304 158 6 1862
0=-24 1270 84 424 386 207 22 2403
0-29 1550 89 526 485 234 325 2369
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Tabie VII

Average Amourt of Feed Consumed by Heifers by Six lfonth Periods

ige Sack- Whole Skim Coneen- Silage Soil- Pas- A1f- Czane Corm
onths ing  Hilk Milk trates ing ture alfz Fodder Fodder
Hay

Days 1bs, 1lbs., 1bs. 1bs, lbs.' Dgys 1bs. 1lis, 1los,

winter Celves

0-6 2.5 1469 71z 332 145 21 293

6-12 57 1286 907 420 16 57 1182 38 21
12-18 7 723 957 51 53 1405 76 152
18=-24 419 ¢05 38 120 2zl 32 B0l
24-29 6563 19859 179 62 462 70 239

Sammexr C-lves

0-6 ZeD 1289 954 371 63 2b 395

6-12 26 128 815 516 18 40 1126
12-18 522 675 124 383 16 224
18=-24 ™ 1739 16 54 245 202 735
24-29 4326 1475 (15 125 264 1 123

211 Calves

0-6 3¢5 1391 809 349 113 2 334

6-12 45 1323 872 470 17 50 1159 23 13
12-18 3 641 832 31 82 984 52 181
18-24 541 1059 28 100 22 101 534

24-29 5656 1765 234 87 425 41 132




Table VIII

Average Cumulative Consurmtion of Feed by Heifers

Age Sack- ¥hole Skim Concen- Silesge Soilirp Pes- 11fal- Cane Corm
Yortis ing ¥ilk Milk <reates tare fs Fod~ IoC-
Hay der der

Days 1bs, lbs, 1lbs, lbs, los, Days 1lbs, Llbs, L1Ds,

Vinter Celves

0-6 3¢5 1459 712 333 145 21 293
8-12 3ad 1516 2098 1240 565 16 78 1475 28 21
0-18 3.5 1516 2105 1563 1522 67 121 2880 112 1728
O0=24 3.5 1516 2105 2382 2127 105 261 23111 145 674
Q=29 345D 1516 2105 2045 4086 284 3 2874 215 913
Summer (alves
0=-6 Sed 1289 954 371 63 25 295
0=-12 Sed 1315 2182 1186 579 18 65 1521
0=-18 ZeD 1215 2183 1708 1254 18 189 1874 = 16 224
0-24 3¢5 1215 21823 2425 =993 34 263 2119 218 ¢hS
0=-25 Sed 1215 2183 2861 4468 349 368 2483 219 1082
All Calves
0=-6 3ed 1391 809 249 113 22 334
0-12 3.0 1436 2132 1221 583 17 72 1493 23 13
0-~18 35 1436 2155 1362 1415 48 154 2477 75 194
G=24 3D 1436 2135 2405 T 78 254 2714 176 788
0=25 3.5 1436 2135 2969 4239 310 & 3139 217 880




The feed prices usef were trcee currert ot the time cf the
prenaration of the meruseript, :ovember 1921, The home produced
zecde were tekern ot ferm velues =:nd ¢iéd not inelude cost of

srketing, Purchased feeds were taken on the basis of csrload
lots delivered,

The pasture costs we.e based on results previously publisned
by Gillet'le, MeCandlish end Xildee (2} which showed that the sverzge
dorstion .f the pesturinz sesson wss 167 dsys in this district.
Under the system of marnagement mainteined in this work it has
beer found thaet one ecre oI pasture will be saufficiernt for =
heifer of one yezsxr cld or over Tor the.season. Cornsequertly, by

gllowinz {8,00 per zcre for the pssture, whieh is = suitable

sllowence for the rexntel, manuring ~nd muintenance of the pasture
used, it will be found that the n»nssture costs for a heifer of
tvelve mornths of age or over will be five ccnts per day. It was
more ¢ifficalt to arrive 2% 2 ccst for the pasture used by
younger :-rnimsls but it is believed that & charge of two and one-
half cents per day for nssture for animsls less thar & y esar of

eZe will be sufiicient,



Teble IX

Feced Prices

Peed
Cracked Corn
HJominy Feed
Ground Oats
Wheat Bran
Linseed 011 Heal 0, 2
Cottonsecd Xeal
Al¥elfs Hey
Cane #odder
Corn Fodder
Corn Silage
Soiling
Whole Milk, per 100 1bs,
Skim ¥Milk, per 100 lbs,
Sucking, ver day

Pasture, per é=2y

Priceaner Ton
10?00
20,00
15,00
20,00
52400
32,00
12,0C

8.00
10.00
4,50
44,00
2.00
25
.06
.05




¥rom the nrices furnished arnd the amount of feed con=-
sumed by the heifers the cost of concentrstes by six month
periods snd the feed cost of production of the heifers, by

six month periods end cumulative from birth <o producing age

heve been nrepsred,



Aver e

Table X

Concentrate Cost per Heifer by Six lonth Periods

Age
Hor:ths

0 -6
- 6= 12
~12- 18
18- 24

24~ 29

0-6
. 6-12
'12-18
| 18-24
| 24-29

0-6

6-12
- 12-18
, 18-24
. 24-29

Crecked

Corn
&
<«

.
~3
L")

Ll AV AV}
. :_‘o .
LR RN

.87
1.986
1.47
z.18

92

o 77
2420
1l.81
1.58
1.40

Hominy
Peed

&

D]

16
29
.18
«02
.04

.19
41
«20
04
.05

Sround
Cuts
S

4

.59
1.34
.89
&4
75

«02
le&4

«66
.70
.61

«60
1.31
.80
e56
.69

= hect
TEY

&
%

0il
Heal
g

wWinter Calves

«063
l.54
1.12

.70
1.06

.58
1.23
1.00

o717
1.461

Summer Calves

.61
1.21
e 75
295
91

.48
1.06
.62
.82
117

A1l Celves

.62
1.45
97
.82
99

-

».dae.
Y 2y

1e17
«82
.78
1.23

Cottonseed

ezl
$

14
«08

Lr &4
e O

.03
«54

26
21

notal

2
p-

2,66
6,74
5,37
.19
5,32

2.82
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Table XI

Average Feed Cost per Heifer by Six Honth Periods

§ Age Suck-~ Whole Sizim Con- Silage Soil- Pss~- 11f- Cane (Corn Totel
Months ing HMilk Milk cen- ing ture slfs Fod- §od- Cost
trates g8y der sr
$ ¥ € £ ¥ & $ £ $ ® $
Winter Calves ’
5 0-6 «21 29,18 1,78 2.66 33 eD3 1,76 36,45 .
6~12 1.14 2,47 6,74 <95 .03 1.43 7,09 olZ .11 21,09
12-18 5,37 215 el0 2,63 8,43 « 20 «76 19,74 |
§1e-24 5,19 1.36 e08 6,50 1,39 13 2,51 15.16
24-29 532 4,.,4) e36 .10 2,78 «28 1.20 17.45 .
Summer Calves
0-6 e 21 25,78 2,3 2.82 ol4 «B63 2,37 34,34
6-12 052 3.07 6.16 1016 004 1.00 6-76 18.71
12-18 3.78 1.52 6,20 2.12 06 1,14 14,82
18-24 5.27 2.91 D2 .70 1.47 .81 3,68 17.87
24-29 Z.69 Zel32 .63 6,25 2.18 .00 .62 16,69
411 Celves
0-6 .21  27.82 £.02 £.72 .25 .55 2.00 35,57
6-12 «30 3,31 6,54 1,06 03 1.25 6.93 .09 07 20,18 |
12-18 01 4,70 1.87 06 4,10 5,90 AR &9l 17,76
18-24 44,04 «28 .06 5,00 1l.42 40 2,97 16.27
24-29 4,57 3.97 47T 4,35 2,55 .16 «96

17,03 |
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Teble XII

Average Cumnlative rFeed Cost

rer Heifer

Age Suck- Fhole Skim Con- Sileze S0il- DPes~ 31f- Care Corm Totol
¥ontns ing Milx  Milk cen- ing  ture ,3f; Fod- “0d- Cost
trites Jgy der der
$ ¢ ; 3 El ¥ ¥ £ 3 ¥ v
inter Celves |
10-6. .21 29.18 1.78 2.66 .32 .53 1.76 36,45
i 0-12 «21 20,32 5.25 9.40 1.28 03 1,96 8.85 .12 .11 57,54 ;
0-18 .21 20,32 5H.256 14,77 543 A3 4,59 7,28 .42 ,87 77,28 ¢
0-24 .21 30.32 5.26 17,96 4479 - «£1 11,09 B,67 .56 Z.38 92,44
0-29 .21 20.32 5.25 23,28 9.20 .57 14,193.45 .84 4,58 109,89 ¢
Summer Cslves |
0-6 .21 25,78 2,39 2,82 J14 .63 2,37 54,34
8-12 L,21 26.30 5.46 8,98 1.30 .04 1,62 9,13 53,05
0-18 .21 26.30 5.46 12,76 2.82 L4 7,82 11.25 .06 1,14 67.87
0-2¢ .21 26,30 5,46 18,03 .72 .07 10,53 12,72 .87 4,82 85,74
0-29 «21 26,30 b5.46 1,72 10,05 «70 156,78 14,90 .57 5.44 102.43 .
311 Calves

06 .21 27.82 2.02 2,72 .25 .55 2,00 55,57 |
0-12 .21 28,72 5.33 92.26 1.21 02 1.8 8,9& .09 .07 55,75 !
0-18 .21 :8.72 5.34 12,96 3.18 .02 5,90 14,82 ,30 .98 73,51
0-24 .21 23,72 5.34& 18,00 5,56 .15 10,90 16.25 .70 2,95 89,78 :

0-29 .21 28,72 5,34 22,57 9,53 .62 15,25 18,80 .86 4.1 106,81
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Eesults QObtained

As has already beern noted the heifers used in this staudy .
were liberslly fed ané so the actnsl feed cost of production
will tend to be sbove rather than below the general average cost
of feed reguired for producing heifers, For the totsl of forty
neifers the aversgze feed cost of reising them from birth to the
time of freshnening st the averzge aire of twenty-nine montans was
$106.81, while the same figures for the winter &nd summer heifers
were £109.89 and §102.,43 resnectively,

In view of nresent prices this noy seem & high cost of
production bmt it sh:uld be remembered thet these heifers were
fed 1iberslly and it is libersl feedinz that psys. The man who
is raising heifers to bring into his own herd can not afford to
stint them on feed ss it is only where they have veen well grown
and literaliy fed that the gre:ztest produetion can be éxpected
from them,

This was weli illustr:ted in the case of work with serabs
reported by McCandlish, Giliette ard Xildee {4). A numter »>f
| serubs rezred under moox condition haé been.obtained end puat
with the ~urebred herd, DPreviously these animals had been very -
peorly fed but when put with the purebred herd st Iowa Stste
College they were ziven good feed =2nd cere, These scrubs can be
divided into three aze groups, heifers, four-year olds, &nd
matore cows, asccording to the age at which they reschred the

ststion,



A summary of all the recorde made by the animsls in the

~ three groups, after a correction for sge has beern made, shows
th:t those comingz as matare cows hzd an eversge production of
3168,7 poands of milk and 153,64 pounds of butterfst, while the
four-year olds aversged 2597.7 pounds of milk epd 166,36 pounds
of butterfat, z=nd the heifers 4036.1 poands of milk and 191,21
pounds of fat, In other words, the cows that had not received
good feed until they were matu:e, were the poorest prodacers
and tcking their production es the besis of comwarison, it is
fourd that the Zfour-yesr olds produced 14 pe: cent more milk
and 8 per cent more fat, while the heifer group produced 27 per
cent more milk and 24 per cent more batterfet, This cleariy
shows that heifers must be Tell fed from birth to give maxi-
mom yields of milk end fat when they resch producing age,

The largest items in the feed cost of raising the heifers
were whole milk, coneentrestes &rd alfelfe hay, and it wés in
these three items only that the hi her cost was found for winter
than for summer heifers, even thou:h the feeds were cherged st
the same price at sall times,

Whole nilk is an expensive feed at 211 times but if heifers
are to be rsised well, its libersl use is justified in many
cases, The winter heifers received more whole milk on the aver-
age than did the suommer cclves, as they were 1 nger in being
torned to pastare., The ssme facts hold trae for ithe concentrates
and the gl1fslfs hay., Thoagh alfslfs hsy is not advoc:ted for

cslves in this section, y.t ii was necessary to feed it to =1l



classes of young stock, as it was grown for the milkins herd
and older heifers and the inclusion of clover hay production

in the rotation wonld have rendered the f=rming operations

more cumbersome,
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Teble XIIT

Lversgze Feed Cost mer Pound of Live veigzht Gein by Six Month Periods

Age winter Calves Sammer Calves ALl Celves
Months
¢ ¢ ¢
0-6 14.6 14,0 14.4
6-12 8.5 8.1 Bed
1z-18 10,9 9.4 10,3
18-24 8.8 10.2 9.4

24‘29 19.8 2409 21.6




Table XIV

Average Cumnlative Feed Cost per Pound of Live Welght Gain

Age Winter Cslves Sammer Calves All Calves
Honths

4 ¢ ¢
0-6 14.6 14,0 14,4
0 - 12 11,5 11.1 11.4
0- 18 11.4 10,7 11,1
0 - 24 10,9 10.6 10,7
0 - 29 11.7 11.7 11.7




It hes been noted thet the feed cost of growing fell and
"winter dronped celves to »roducing a2ge was grester ir this ‘
work tvharn was the cost of growing spring and summer calves to
produacing age, though the aversge z. e of frestening wss the
same for ooth groups, twenty-nine months, and iv is generally
conceded that the rzising of fell and winter cslves is the more
profitable proposition, There are certain factors regzrding
weather conditions and {the amoant of lsbw available whieh do
- render the rsising of £+11 and winter cnlves the better propos-
ition but here the feed cost only will be considered,

It will be found by studying the feed cost per pound of
live weight gein thet for esch six month period, up to eighteen
months of age, the fced cost per pound of gsin was reater in tke
case of the winter heifers, but from thaet age until freshening
the fecd cost per vpoand of gain wes lower in the cese of the
winter heifers, Of more importsnce however, is the faet that
from birth to freshening, at the averaze of twenty-nine months
the aversge feed cost per poand of live weight gain was the same
for each group - 11,7 cents,

Consequently, the fall and winter dronped calves were the
better proposition, as at the age of Ireshenin- they had reached'
a greater weight than the spring snd sommer born heifers, and

had been produced at the same feed cost per poand,



Summarz

is a2 resalt of the staudy >f the feed cost of growing fbrty
2iry heifers from birta to freshening, the following statements
may be presernted for considerstior,

1, 0Of the forty heifers stadied, twenty-four, dropped be-
tween October 1 and Herch 31, were clasced && vwinter heifers,
while the remeining sixteen, dronped bpetwe.n April 1 and Sept-
ember 30, were classed ss summer heifers,

Ze The averzge nzZe of fresnenin; in each lot wes twenty-
nine months; esch month bein: & period of thirty days znd not a
celendar nonth,

3. The aversze pirth weights were 68 pounds for the winter
neifers, 64 pounds for the summer heifers arnd 67 pounds for ell
of the animals,

4, The sversge weiznts at freshening were 1010 pounds, 941
poands and 982 pounds for the winter, summexr and =11 groaps
respectively, while the sverage live weignt gzins from birth to
fresnening for these zrouns were 942 pounds, 877 pounds and
915 poundés,

5. Por sverage daily live weight geins throagh the trisl
the winter heifers led with 1,09 pourids, while the summer heifers
had 1,01 rounds, snd the sversge for =1l was 1.05 pounds,

6. In totsl feed cost of production the ranking was winter
heifers $109,89, summer heifers $102,45 and =11 heifers $§106.81 each.:

7. The average feed cost per pound of increase in live

weight was 11,7 ¢ in sll groups,
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STUDIES IN THE GROWTH AZRD NUTRITION OF DAIRY CALVES

V. HILL AS THE SOLZ REATICI FOXR CALVE=S




Studies in the Growth and Kutrition of Dairy Calves

Ve Milk as the Sole TFation for Celves

From time immemoriel milk has been regarded as the feed best
adapted to the cuomplete nourishing of mammalis, It is the sole
‘rgtion of 81l mammals daring the ezrlier pert of their post-natal
deveIOpment end is slso recogrized as an excellert staple in the
diet of the adult humen, especielly in the case of invelids, On
‘the Tarm it is used extensively in the fecdin: of youn: animels,
end in the c:se of the ho: it is fed in large suantitics tp more
mature individnals,

%ithin the last decade mmch investiigstional work has becn
done concerning the nutritive value of milk'and other feed stuffs,
The major portion of this work has been conducted with 1sbore-
tory animels arnd no attention has beer naid to some of the Ilactors
which deternine to 2 lsrzec extent the velue of milk to certain
tyoes of livestoek, The object of the work reported here was to
determine the valuc of milk as the sole ration for ecu:lves,

Fesume of Previoas Vork

The natrients recognized as essential to the welfare of thei
animal orgsnisms are carbohydrstes, fets, proteins, ash, water
and the food accessories or vitczmines, The proximate composition
of milk, showing the aversge amounts of the most abard .nt con-

stituents present, is givern in the first tsbalation,



Table I.

Averaze Composition of Miik (16)

Constituent %

water 87.17
Fat 2469
Casein 3.02
41lbamen 08
Saugar 4,88
4£8h o7l




The proteins, fatc snd carbonydrates are present in the
proportions that are recognized as being suited for the growth-
of youniz animsls and the ash constituents are also abundant,

Within recent years it hes been shown that all preteins
are n.t of eynal value for natritionel purposes as the nutri-~
tive velue of 8 protein is determined by its amino-acid con-
stitation, Some proteins are inadeguste due to the fact that
they do not contuin =211 the amino-acids necessary for the life,
growth and normal »hysiolozicel develonmernt of animals, How-
ever, it hzs been showr by McCollum(ll) that the milk proteins
are 2deyuate, thet is, they will in the presence of a sufficiercy
of non=-protein and inorganic nutrierts, sampport life, promote
growth, and foster 8ll normsl physiologieal furetions,

The ash is snother feed constiteent which, tho present in
sufficiert unantities, mey not be .uslitatively saited to the
reguirements of the snimal, but it has been proved by Osborne &
Mendel (13) that the ash of milk satisfsctorily mecets the de-
mends of the yoon:; zrowin, animal, providing in the proper pro-
portions sll of the inorg=a-ic constituents needed for the proper
fanciionins; of the animal body,.

Another factor recogniged as limiting the natritive value of
feeds is the presernce or absence of the vitamines, Fat-Soluble A
Water-Soluble B and Water-Soluble C, The fact that Fat-Soluble A
is present in sgbudance in milk hss been nroved meny times as

can be seen from the ¢:mpilations of Blunt & wang (1 and 2),



M1k is not too rich in Water-Solable R, according to Osborne, .
QEnael, Ferry & Vakemmsn (14) but there shoulé have been snffi-
cient of it sonplied, sccording to McCollum, Simmonds & Pitsz
(12), to setisfy the experimental animals, It is perhaps true
nowever, that insufficient amounts of Water=-Soluble C were
present aceordinz to Chiek, Hume, Skelton & Smith {3 and 4).

Thas far only work conducted with laboratory animals has
been mentioned as this leads up to and helps to explain some of
the results obtained om using rztions from limited sources with.
form livestock, 1In addition to its chemicsl charscter a ration
must be of the proper physical neture before it supplies the
needs of farm livestock,

In only & few instences have records been obtsined of rumi-
nants beinz fed for any considersble time on'rations consisting
entirely of feeds I the same physicel charscter, but Sanborn
(15) reports thet in the csse of both sheep and cettle fed on
grain the stomschs wei ned less tharn normel and this was most
noticeable in the casse of the rumen ~ the stomach compertment
speciglly adepted for the hardlin: of bulky msaterial, Davenport
{5) found that calves could not be rasised on a ration consisting
of milk slone or grsin alone and he glso rnoticed that as a rule
no digestive disturbsneces accompanied such & ration,

Work of McCollum, reported by Hemry (6) apparently showed
that a sow pig was able t0 resch meturity snd reproduce normally

when fed milk slone,



Experimental work

In the work reported here, two bull cslves were used and
they were fed on milk slone Irom birth antil the time of
their death, The animale zre described in Table II,



Table II

Animals Used

Cz1% Ho, 258 366
Breeding Grade Grade
Jersey Holstein
Date of Birth 9-25~16 12-17-16
Birth Weight 65 1bs, 90 lbs.




Both cslves were allowed 0 remsin with their dams for a
few days after birth and were then nut on s whole milk rstiorn,
The emount of milk fed was limited to what the calves seemed
2ble to handle setisfectorily ard tho they might possibly have
become sccustomed to larzer sunantities, it wss deemed advisable
to keep thelr consumption of milk compsrable to that of other
enimals of similar weight in the herd and thas prevent diges-
tive trovbles as far as possible,

Bo rougzhsge, zrzin or witer was offered to either of the
calves, and at first no sslt was ziven, but from the time
ecelf No, 355 was 70 daeys 0ld, & salt roll was kept in fromt
of him at all times and the seme treatment was given cslf o,
366 from the time he was 20 deys old,

The calves were kent in 2 pen bedded at first with shav-
ings and later with sand, as they showed a tenderncy to eat the
shavings, Their feed consumption by ten-day veriods is jiven

ir Table III,



Table III

feed Consamptiorn by Ten - Day Periods

Ca1f no, 355 Celf No, 366
Period Nog dilk 1bs, Sz1t lbs. Milk 1bs, Salv 1bs,

1 26 90

2 90 90

3 90 90

4 90 20 .04
5 128 111 .05
6 120 129 .06
7 1 120 150 | .04
8 126 .52 150 .03
9 146 .25 150 J11
10 150 .17 150 2
11 | 150 .05 150 .10
12 j 150 .02 150 .03
13 150 .04 150 .04
14 | 150 .06 150 .03
15 | 141 .05 150 .03
16 , 120 .03 150 .02
17 % 120 .07 174 .03
18 | 120 18 108 .03
19 } 123 .17

20 l 142 .02

21 ’ 99 .03 '
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_ In the first 10-dsy period calf Ko. 355 sucked for 6 days
and ¥o, 366 for 3 deys, The last veriod for Ko, 355 conteine
only 8 days and that for HNo, 366 only 6 days, as Bo, 355 died
when 208 days o0ld, and Jo, 366 at the aze 0% 176 dsyse.

It will be noted that ap u:til he was gbout 100 days old,
Ho. 355 had an ineressing capacity for milk, bat from that
time the aspetite remsined rezalar for 2 little over & month
and then declined, tho there was =2n increase in milk con-
sumption for & weew or so before death, Irn the case of Fo, 366,
maximum e¢apaclity was reached earlicr asnd remsined constart on-
til sboot the same length of time before desth, whenvit gsein
incre=sed,

The enimel, Ho, 355, that received no s:z1t until 70 dsys
old, showed zn enormous o petite for s:1t during the first 30
days in which it was availeble, From thic time orn his sal?t
consumntion deorezsed eand with the excention of & sho:t time be=-
tween the ages of 170 and 190 days it did not az8in reach 2
marked elevetion during the experiment, Calf No. 366 received
salt earlier in his l1ife and did not at any time hav~> snch an
excessive consumption, tho between the ages 0f 80 to 110 days
his consumption of salt was l=arge,

Th.re were no marked dizestive disturbsnces, except in the
case of celf No, 366, which was bloated for = few days before
death, the bowels of the animals bein. asaally laxstive, tho not

noticeably so., The faeces were rgther foul smelling. The calves



showed by thelr actions that their rations were not entirely
complete, Phey ate to 2 s8lizht extent the shavings that were
at first osed as bedding, gnswed the wood in the walls of the
nen, snd licked the hair from esch other, These substezces,
hovever, were not consumed ir zmounts sufficiert to csause very
noticeable digestive derangements,

Fecords of the live weljhts and body messuremerts of the
calves obtsired every thirty days are given in Table IV, The
live weights given zre the aver-ges for three successive daily
weighings, %he body messurements tzken were height a2t withers,
depth of chest and width at hooks. @For the sake of compar;son,
the messurements of the heifer cslves in the herd fed normal
rations are given, Difference in sex wili not have much in-
fluence on these fignres for commar:tive purposes owing tc the
sexual immaturity of the snimuls and alsc o the fact that

calf No, 3b5 was castrated when 22 days old,
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Table IV

Live Welghts and Body Mesasurements

el EdE. 1s5: |5 845, |s.| .. 1548.]5.]5.
<81 o7 &7 | B5 SA{35 | 95| L5l 38 85| 85 | 27
— =] = = = a m = = a

Birth o5 50 5
30 76 {29,9 (12,6 |7.,1 103 {28.0 #m.m 7.5 | 90 }28,7 |11.4 | 6.7
60 | 107|351.1 |13.0 [7.5 [139 {20.3 14.2 {7.9 120 {30.7 | 12.8 | 7.5
90 | 132{32.3 |12.8 |7.9 |165 |22.7 h4.7 8.7 [63 |52.9 |14.2 | 8.5
120 | 145[23.9 [15.0 |8.5 |174 {35.0 }5.7 |8.7 |211 l3¢.8 |15.4 | 9.4
150 | 144135.0 |15.4 |8.3 {172 |35.4 15.7 |9.1 |62 {26.2 |16.7 {10.2
180 | 157134.6 {15.0 8.3 514 |38.4 | 17.9 [11.2




It can be seen that the experimentsl animals grew
fairly well until they were two to three months of ege, bat from
this time on they did not thrive. They continued to gein slowly
in weight for another thirty dsys, after which their live
weizhts decreased gradually antil the time of death. The body
meusarements appeasred 4o incresse gbout normzlly until the time
the 1ive weight increase cezsed to be rspid and from this time
on the measuremernts chenged only slizhtly~-in fasct they were
elmost constsnt., 4 greater increase in height than is shown

by the fignres probzably did occur, but owing to the faet that
the cnimels began to go down on thelr pasterns about the time
the live weight ceased to increcse, the trie heilght could not

be acourstely measured,

The increeses in live weizht and body measuremernis cuan be
more essily apprecisted wher they zre chown as nercenziasges of
the originsl figures, as in Table V, The increaces in live
weight from birth to the end of the last completed thirty-day
period in the case of the experimentsl animels, snd to the ages
of five and six montrks in the case of the herd sverage, are ex-
pressed e&s vercentages of the birth weights, while the body
mesasurements are compared in the same way from the time the

animals were thirty days of aze,



Percentage Increase in Live Weight and Body Measurements

Tstle V

Celf Age Weight Height Depth yidth
Months % % % %
zxperimentsl
o, 355 6 111 14 19 iv
No. 366 5 v1 27 11 21
Berd Aversce
6 369 34 57 67
5 291 27 a7 52
Percerntage
oZ Normsi
Fate of in-
crease
No. 355 6 30 41 33 25
Xo, 366 5 31 100 23 40
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Doring their lifetimes the éxperimental animsls practically
dbubled their live weights, while daring similar lengths of
time calves normelly fed stteined weights more thsn foar times
as great ss their birth weignts, Similsrly the incresses in
body measurements in the case of the calves fed milk slone were
mach less than normal, except in the case of the heijht of calf
To. 366, which was normel, OFf the increnses in body mezsurement,
the height was the most nearly normal, while width was farthest
from it, snd as a general rale the retes of growth in the body
messurments showed less veristion from rormel than did the rste
of gain in live weight,

In sddition to the varistions in weight &nd body measure-
ments there were other abnormal symptoms which tho very appreci-
able were not canable of tein: directly measured or determined,
The animels becsme very muck emeseisted and guite unthriliy in
appesrance, Their cost: were lonz and staring and the hair fell
oat frcely., Patches of the body becsme practicelly devoid ol
hair snd sores were =21s0 apperent, As has already been mentioned,
the animels were down on their psasterns and could not stand up
properly and they walked with 2 very stiff gait,

One very noticeable fezture of the experiment was the
occarrence of fits, These fits were Tirst spparent whexr the
animals were between three and four months of age and continaoed
to occur et freynernt bat irregul=xr intervals up until about three

weeks before the animals died, These fits were all very similsr
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end frequently started for no anpsrent reason and could slmost
'always te induced by leeding the animel erouxnd for a few .
minates, The sanimzl would fall down snd bellow as if in pain;
the jews would stick open and the legs become rigid; the moscles
became tense esnd hard; respirstion slowed and in severe attacks
entirely stopped. Where respiration did not stop the snimsl
woald recover in a few minutss, and ~shere breathing ceased,
artificial respirstion ha: to be resorted to, to resuscitste
the celf, The Pits were practicslly identicel with those of
an epileptic natuare,

Post-Mortem examinstion of both calves were made, The
tones of No, 355 were very flexible ag¢ if insufficiernt a:h
were present; the le: bones could be bent comnaratively essily,
while the ribs had & very tiain coating of hserd materisl with
a soft core, lone of the bones were as rigid as would be ex-
pected in zn snimal of similar sge, There was one atrophied
kidney (perhaps congenitzl) with hypertroph; of the other. The
nmesenteric lymph glands were much enlargéd end there was an
apparent leucemia, The [ umen was of normel size, bat the walls
vere evidently atonie, due anperently to = development of lymohoid
tissoe, The omasum was smeller then would be expected, tho the
two remaining compartmerts of the stomseh appeared to be normal,
The contents of the rumen resembled thin cottsze cheese mixed
with hair,

The bones of cslf No, 366 anpeared to be in fairly sood con-



dition, tho one or two of the ribs might previoasly have been
broken =nd hesled, The mesenteriec lymph glends were enlarged
and both kidneys were in bad condition with cysts, All the
stomach compartments were of sbout normsl size, bat there were
streaks of dark brown or bleck pigment on the inner wall of
the sbomasum, The contents of the ramen were similar to those

in the case of cslf Ho, 355,
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Discussion of Eesults

%hole milk, tho apparerntly giving good results until the
animals are about three months old, very probably cannot be
relied on ss the sole ration for calves of grester age, Its
ingbility 0 properly nourish older c:lves may be due to one
or more of & namter of factors,

Cattle =snd other ruminents besin to consume rou.:hages at
an early age snd the lack of roughs:e may conveyuently sive
an explanstion of tie results obtained in this ~ork, In addi-
tion the .uaentity and guslity of the nutrients supplied may be

of importance as well as the supnly of nutrients,



In Tsble VI are given the reguirements of y.ung growing
dairy calves sccording to the modified Wolff-Lehmarn feed-

ing standard as outlined by Henry & Morrisonm (7},



BEatrients Regulired Deily by Young Growing Calves

Teble VI

ver 1000 pounés Live Weight

__Digestible Natrients
Dry Crude
%ei ht Matter Protein Totsl
1bs, lbs, 1bs, 1bs,
150 23 4,0 22,0
300 24 3.0 18,3
500 27 £60 i 15,8




Prom the datz supplied the nutrients reguired by, and
actually supplied to the experimentsl c.lves have been
calcualated, Irn this table tvhe anim ls have been taken to-
gethner ratner then individuelly and the milk consmmption is
taken FTor all 30~day neriods which were completed, It was
assamed that the daily milk consamption of the cslves while
sucking wes the same as in the succeeding days of the first

10-day period,



Table VII
Hatrients Jecuired by ané Supplied to Calves
Zutrients Suppnlied Ratrients Reguired
Digestibie Digesyible
. ver-
age Filk Dry Qrode Dry rude
Age Live upplied Jatter 3Jrotein Potal Yatter 3Protein Totsl
wfight
Days DSe 1bs,. los, 1bs. Ibs, ﬁbs. 1lbs. 1bs,
- 1-30 68 579 79 19 104 1116 19 109
31=-60 3 668 91 22 120 150 23 33
61-30 72 842 115 28 151 195 26 - 149
91-120 EO0S 900 122 30 161 222 27 169
121-150 ’18 873 119 29 166 228 28 173

!
i



The sctusl surplaus or deficit of nutriernts.sopplied will be
more valusble for comparative purposes srd this is obtained by

- summerizing the data jost presented,
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T2tle VIiIIX

“xcese of RNutrients Su»niied to Calves,

Digestible Hutrients

Age Dry Crade
Hatter Protein "Total
Days lbs. its, ibs.
1-30 -37 0 5
31-60 -59 1 13
61=90 -80 -2 -2
91-120 -101 -3 -8
121-150 -147 -1 -7
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Considerzble varistions sre noticeable in the amoonts
of the nutrientis sunplied but the importance of these veri-
ations is perhans best demonstrzted when the oversupply or
deficiercy is expressed as a percentaze of the actusl a-

monrt recuired by the cslves,
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Table IX

Zxcess of lntrients Sapplied to Cslves
Zxpressed as a8 Percerntaze of the fejuirements

Digestible HNutrients

Age Iry Crude Totsal
Ketter Protein

Days % % %
1-30 -Z3 0 5
&1-60 -39 4 10
61-90 -41 -8 -1
91-120 -45 =11 -5
121-150 -66 -1 -4
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It is evident that from the beginning the calves were
not receiving safficient dry mstter in their rations. The
average amount of dry matter supplied in the first 30 days
was 33% below that regaired by the animals and this de-
ficiency continueé to become zrester until in the fifth 30-
day period it amounted to 66%,

Daring the first two Z0-day periods the calves received
safficient digestible crude protein and total digestible
natrients but from then on these constitucnts were deficient
in the rations bat never to sueh & great extent as was the
dry matter, The celves were being :tiven sll the milk they
could handle bat were supplied with no bulky feed to supply
them with the extre dry matter reeded, The lack of this dry
metter, which would have provided =dditionel bpulk, impeired
the dizestive powers of the snimsls and rendered them unsble
to harndle sufficient milk to nrovide =11 the digestible
natrients they reguired, This in tarm led to poor growth snd
development,

The digestive traet of 2 ruminent is large and cspacious
and before disestiorn can he normel, bulky feeds mast be present:
to: ¢ istend the digestive organs, stimnlate peristslsis, sepsrzte
the particles of more concentrated feeds zxnd so allow of their
peing properly mixed with gnd zeted on by the digestive luids,
Hilk, being nizshly digestivie z2nd free 2rom fidbrous mate:igl,

is not 8 "bulky" Pfeed, tho its notriernts sre present in s



ratheyr lerge volume of ﬁater,.and»so it cannot, when fed a-
lore, indoce the digecstive systen ¢ clder ruminerndts io
furetion wromerly, tho it is .ul e eificient with young
calves, as 1n their csse ihe rumen is relstively smuller

in comparisor with the rest of the digestive trzct tkan

it becomes ultimately,

Where digestion is retarded or hindered, ss - ould occur
when the digestive system became stonic due to the sbsence
o7 roughaze, the materials not completely acted on by the
digestive jJjuices wounld remein in the alimentary canal and
undergo putrefactive charges, The prodacts of such |
putrefaction are toxic and when sbuorbed from the alimentexry

cenel can produce auto-intoxication,-with symptoms similar to
those found with the experimerntel animsls in this cese,

Another fact worthy of note is that these calves were
at times, when averaging sbout 150 pounds in live weight,
consuming over half as much sslt per day zs would e 1,000~
pound enimel, It has been found at this station that normally
fed calves of similar weight will consume about ,01 pournds of
salt.per dsy, while the experimental animals counsumed 3s
much &8s ,03 pounds per dey,

This excessivé sslt consumption mey hsve been an attempt
to correct digestive disturbs.ces, or it mey have been caused
by other physiologicel demends, or it mey simply have been

due to the calves forming & pernicious habit,
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That sodiam chloride c-n produoce tetanic convulsions sach
a8 were evidert in the cese of the experimentzl calves has
been shown on sSeveral occasions, Loeb (8) demenstrated the
contractions and finsl tetanus of muscles in contact with cer-
tain salt solntions snd he leter (9) showed that solutions of
commor sslt could cause rhythmicsl twitchings and an incresse
in the concentrestior of sodium ions end ean be counterscted
by the addition of czleiom salts, It has slso been pointed
ont by MacCallum (10) that intravenous injections of solu-
tiors of sodiuom chloride incresse peristalsis, There is s
possibility, therefore, thet the fits to which the ex-
perimental cslves were subject mey heve been due in some way
to excessive salt consumptiorn,

It has been pointed out previously that the vitsamines,
Water-Soluble B and Water-Soluble C zay not be present in milk
in suf-icient amounts for the con?inuea well-being of the ex~-
perimentzl animsls, Farther work is needed to determine
whether each or 2ll of these fsctors me-tioned here were res-
porsible for the unthriftiness, mal-nutrition and ultimste

death of the animals used in this worke.
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Summarz

-

Prom the evidence obtained in this work the following
factors may be looked on as possible canses of milk being
anable to supply all the natritionsl wants of calves eiter
they =2re a few weeks old.

l. The lack of balk may srrest the development of the sli-

mentary tract snd prevent the proper digestion of fhe natri-
ents supolied by the milk,

2, ZEXcessive consumption of s:1t, due to depraved appetite,
or to an a tempt on the part of the cslves to correct nufri-
tive disturbances, mey have led to some of the distrubzances

noted.

3, The vitasmines, Weter-Soluble B and wWater-Soluble C, mey

have been presernt in insufficient amounts znd this may have

indnced the desth of the ealves,
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Studies in the Growth and Nutrition of Dairy Calves

VI. The Addition of Hsy and Grain to a Milk Ration for Calves,

The necessity of investigzting the effects of retions
selected from limited sources is now recognized as of vital im-
portance in srriviny at z true idez ¢f certzin matritionel pro-
cesses, In order to determine the true or relative wvalae of
eny fecd for a given clsscs of animels, it is necessery that it
be fed with a wide variety of other feeds and slso ss the sole
ccnstituent of the retion, if it is of sach =z nasture as to
rernder this possidle, A thoroozh urnderstwnding of the physio-
logicsl velne of eny feed can only be errived st after s series
of correleted investigstions, the results of vhich c¢cin be stndied
as & group. |

The work outlined here was undertsken to expand results re-
rorted in Perer V of this seriec and to determine the relative
values of rations consisting of milk, milk and mixed greins,
and milk snd elfalfa hag fOf young celves,

EESUME OF BLEVIOUS TORK

Investig-tions bearing directly on the problem under con-
siderstion are limited in number as 1little work of this char-
acter has been andertsken with farm live stock, There'are how=-

ever, reports of investigatioris with laboratory animels which
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aid tc some extent 1n the explanétion of the resaulis ob-
'tained.

The results availstje on the use o0f limited rations for
ruminants are meagre, Plumb (20) fed .ne pen of calves on
whole milk =2nd 4wo pens on skimmilk, for a period af two to
three months without observisng any bad effects from the
1imited ration., Sanborn (21) placed a calf weizhing 180 pounds
on = ration of milk and zrsin, and the animel is reported to
have eatern the sswdust used ss bedcirg and died of irdigestion,

In an attempt to grow cattie withont the use of rougsh-
ages, Davenport (8) fomand thet :sruin fed in amoarts ap to half
& bushel dsily to a five-months old ceif dié rcot satisfy the
ecreving for feed, Disturbences 2f the rnerve centers and gwell-
ing of the joints were noticed, 4 second celf, fed exelusively
on skimmilk antil sever months of age, when it wes in guite
poor condition, was then plsced on coarse feed snéd recovered
regpidly, & third individusl, fed milk and :rein, wes extremely
reduced in condition at five nonth:s of sge, bat recovered when
ellowed hay, fourth calf, which received rs roujhege, died
et three months of sge, 4 post-morfem exznmirnation showed that -
the muscles were herd srd firm and no internal fat was present,

That growth and reproduction were seriocusly aflected by
limiting the retion of dsiry heifers to the products of a
sirgle ceresl plarnt was found by Hert, ¥MeCollum, Haomphrey &
Steenboek (14,15), It wss also reported im Paper T of this
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series that calves could not exist for extended periods on s
ration of whole milk alone,

In an investization with hogs, Bornett (4 & 5) found
that limiting the ration to corn markedly affected bone growth
and developmernt and the breaking strength of the bones of the
legs, In the case of work done by McCollum and reported by
Henry (16) it was foand that a sow could be reised to meturity
ard reprodace normsally with milk as the sole feed, though
Evvard end Gpetfelter (11) report thet better success was ob-
tained in the raising of orphan pigs where eg:s, tomato juice
or oranse Juice were added to the ra:ion than where milk alone
was fed,

It has been steted by Porbes (12) that the specific effects
of feeds on growing enimsls are due 1 rrely to the zineral
elements in the feed and especicslly to the relation between
the celeium snd msgnesium, while the importsnce of the vit:-
mines has been emphasized by msny and the work of tais char-
acter, thoogh little of it with ruominants, has beern sumrarized
Jaite completely by Blunt % Wang (2 & 3), However, Dutcher,
Xennedy & Eékles {10) report that the milk of cows on pasture
is richer in water soluble C than is that of cows on winter feed,

EXPIEIMCRTAL WORX

In this work six czlves were uged, of which five were
balls and “he other was presumed to be a Pfreemsrtin as it was

twinned with & bull, All but the freemsrtin were grades, The
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calves were =2llowed to suock their dsms for z few doys after

birth and were them put on the experiment=l >ations, They

were divided into thre. lote and informetion concernming the

individuals is siven in the first st ble,
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Table I

Animals Used

Lot Fo. : 1 : II : III
Ration : ¥ilk :Mi1k % Mized Grain: Miik & Alfzlfa Hey
Calf Ko.: 479 : 489 . 498 : 502 : 488 : 495
Breed : Grade : Grade : GOrade : Grede : Grade :
: Guernsey : Holsteln : Jersey :GRermsey: Holstcin Holstein
' Birth : : : : :
Weight - 76 : 85 : 51 : 68 66 : 65
Lbs, : : : : :
 Sueking : : : : o
~ Days : 4 : 3 : 5 6 2 5
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. After the calves were taken from thelr dams, milk was

fed to them three times dally in amounte indicated by their
ability to handle it, Salt was sccessible gt 8ll times and they
had saccess to water for several hours dsily though they were
confined in pens, In additior, Lot II was sllowed to consume
et free will 2 grain mixture consisting of 5 parts cracked

corn, 2 parts ground oats, 2 parts wheat brsn end 2 psrts old-
process linseed 0il mesal by weight, while Lot III a&always had
access to alfalfas hay,

Completec records of fecd concumption were kept and these
have been combi:ed by 30-day periods throu,shout the various
experiments, The weights 5f the animals were determined on
three successive days in the niddle of each period end from
these the live weizghts at the end of each experimentel period
were determined, Body measurements were obteined in a similear
merner though only tzken on one dsy. In the finsl computations
it was ssumed that the milk consumed during the few days that the1
animels sucked their dams was the same in smount ss tnst con-
sumed in & 1like period after hand feeding wsas started,

The c¢slves did not 211 start on experimernt et the same
time, due to differences in date of birth, but in the tsbulstions
they are kept toether on the age bnsis, The ineguslities near
the finish sre due to the faet that the experiments were sl1
closed about the same time irrespective of the sges of the

celves, Hovever, to svoid complicstions, the records for the



animals whieh l1ived thromghout the work are given to the end
- of the last thirty-day period that was completed,
Rations

Lot I - i#i1k., The cslves in this groap were fed a2 rstion

of whole milk throughout the trisl. When they becsme wezk uznd
low in condition, alfslf. hay was introduced into the ration,
This introduction took place at the beisirn:in; of Period VIII
for calf Ho, 479 and on the nineteenth day of Period VI ir the
case of calf No, 489, TFor s few dsys the allowance of hay was
limited and thern it was given at free will,

Lot II ~ Milk and Grein, This group received milk through-

out the experiment and in the lutter part of Period II the greair

mixture was introduced and kept before the animals 2t gll times,

Celf Ho, 502 died on the sixteenth day of Period V after con-

saming little feed during the lsst two weeks of its life., At

the beginning of the sixth period, slfslfe hay was given to

@alf No, 498, at first in limited amounts, and later at free will,
Lot IIT - Milk and Alfalfa, These calves had milk throush-

out the exveriment, and 2lfalfe hay was introduced in the latter
part of the first period for celf Ho, 495 end in the early part
of the second period for cslf No, 498 and from then on was sal- -

lowed &t free will,
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Table II

reed Records

'Feed  Ignole Hlk| Alfaife Eay | Mixed orainm t salt Notes
. !
Lot I - Milk Ratiom
' Calf Hoj 479 1489 {479 439 479 % 439 479 {489
; 1
{Period | Tbs. ibs. [1bs.| 1bs.| 1bs.| 1bs, | 1bs. |1bs,
POIII 482 | 599 : .10 |,.18
i IV : 540 | 630 : 10 | .33 i
LV 630 | 630 § .29 {.27
P VI 630 {630 | 45 ; .26 |.18 Ix Last 12
P VI 630 1620 149 l <17 .10 dzys of Period
boTIiI 630 {630 26 204 , .10 | .04 ¥I for Calf
| X 620 121 1 .15 o, 489
! Lot II - Milk ard Mixed Grain Eation
!
' Celf Nod 498 {502 |498 502 458 502 498 |502
fPeriod , " {x Calf Ho,
i 218 |216 .J4 <06 | 502 died om
bo1I 246 |267 2 10 09 1,08 !the 16th day
P IIX i 270 1270 26 2 e12 |.06 | of Period V
Iv 270 {270 60 50 .04 .02 |=znd for two
v 270 =30 82 2 .02 %.,01 treeks prior tol
VI 270 59 57 .08 this consumed
VII 270 108 20 .10 little feed
Lot III - Milk and Alfalfs Ration
Calf No,| 488 1495 {438 435 458 495 483 495 |
Period
298 [307 , 9 02 1,04 ;
11 462 |50 27 36 .02 .05 f
III 450 W50 73 96 11 .08
iv 450 K50 {184 168 Al (.11 f
v 450 K50 (264 220 19 {.26
VI 450 213 «45 l {
| 1 =
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Growth of Cslves

The records of the incresse in live weight and body
measurements of the calves are indicztions of the suitability
of the rations for the cslves. For this reason the birth weights
of the calves and their weights st the end of each completed
thirty-dey period are given, as sre the body messurements taken,
height at withers, depth of chest and width at hooks,

In order that some 1dea may be gained as to the relative
retes of increase in 1ive weight and body measuremexrts of the
calves it is necessary that some staendard be used with which
they may be compared, Por this purpose the averages of similar
megsurenents obtsined on 40 normslly fed heifers are included,
This should form & ssi.isfactory basis of comparison as s8ll the
experimentel calves were young and the bullé were castrated so
thet it ig not probuble that sexuzl development would cguse

the two grourns of fizures to very rel:tively.
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Table III
Live Weizhts and Body Measurements of C.lves
Group normal Lot I Lot II Lot JIII
Calf Ho. 479 1489 T 498 ' 502 488 495
— Live Weighy
Period 1Ds, 1DS, { 1DS. 10s, 10sS, ibs, ibs,
Birth 67 76 85 1531 68 66 65
I 90 94 123 69 n 133 95
11 120 124 162 92 83 166 143
III 163 161 217 128 112 241 210
Iv 211 177 271 165 113 222 266
v 262 212 215 187 299 <39
VI Zl4 252 382 220 469
YII 366 265 46 253
VIII 413 289 530
IX 452 3
Height a8t witners
Period in, in, in, ine itie in, in,
I 28,7 30,4 29,9 26,5 28,1 29,1 £28.6
II 30,7 3l.5 32,5 27,5 29,0 Zl.4 30,7
IIT 3249 3343 35,0 | 29.4 30.4 33,5 32,2
IV 34,8 34,1 37,0 30,9 30,7 35,7 35,7
v 36.4 3362 38,7 23,5 38,0 39.0
VI 8.4 36.4 4G5 35,0 49,8
Vii 39.8 40,2 42,6 5642
VIII 41.0 40,4 44,3
IX 42,0 42,0
_ Pepth of Chest
Periocd
I 11.4 12,1 13,0 10.2 11,0 12.1 11,9
I1 12,8 5 14,0 11.5 11,3 13,9 13,0
III 14,2 14,9 16,0 13.1 13,2 15.8 15,1
Iv 15,4 15,7 17,2 14.4 13.8 17.1 16,6
v 16,7 16,7 18.4 15.0 18.2 17.8
Vi 17,9 17.8 18,3 15,5 20,0
VIiI 18,7 18,7 20,3 16,2
VIIil 19.5 18,6 20,5
=z 20,3 19.3
Width 8t HOOKS
Period
I 6,7 6.5 7.4 5,9 6.3 6.8 6,9
I 7.5 7.3 Be.6 7.0 6.9 7.8 8,0
ITI 8,5 8.0 9.8 8.1 7.1 9.0 9.6
IV 2.4 8.3 11,1 8.7 7.1 10.4 10.9
v 10,2 8.9 11,1 9.1 11,9 11.4
VI 11.2 9.8 11.4 10.0 13,0
VII 11.8 9,9 12.4 10.4
VIII 12,6 10,4 13,2
X 13.2 11.1




Live Weizhts and Body Measurements, When Lot I is con-
sidered it is found that both animsls is this group were
heavier at birth than the average for the normsl group., Calf
Ho, 479 maintained its lead for only two montks axnd then
dropped below normel and continumed to do so antil glfalfsa nay
was introduced at the beginning of Period VIII when 1t stasrted
to regain in r=te of growth, Calf Ko, 489, the heaviestv of
all, increased in live weight slowly and at the end of 2eriod
V was of the same weight as the normal celves were at the end
of Period VI, Durinzg Period VI, slfalfa was introdaced and it
immediately started to g=in raspidly,

Both animsls in Lot II, though one was heavier and one
lighter than the average for the normel group, fell far be-
hind the normel weights as the work progressed, The calf XNo.
502 died, while No, 498 wes 3iven alfalfa at the end of Period
V and vher the trial closed at the end of Period VII it wes
bezinning to approach the normsl group in weight,

The alfslfe fed animals in Lot III, though slightly lower
in birth weight tharn the aversge for the normal gromnp, zalweys
exceeded the normcl group in live weight from the end of Period

In regard to the body measurements'it may be said that
they did not vary uniformly though there was a very decided in-
crease in the rates of growth of the calves in Lot III compered
with the normsl calves, %while the celves in Lot II lagged dve=-
hind the cheek, The czlves in Lot I did not show 8 grest vari-

ation from the check group,

I.
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Increase in Live Welzht =nd Body Messurements. The animals

in Lot III, fed slfalfa and milk throuzhout, showed a greater
percentage inerease in live weizht and body measurements than
did the normsl group. In Lot II, calf Ho, 502 showed 2
slower percentsge increase than normal and eventuslly died,
Phe other animal in this lot, calf No. 498, showed slow pcr-
cerntege gains in heizht but the other measurements were near
normal, while the percentszge incresse in body weight wes
accelerated by the introduction of alfslfa hay inio the ra-
tiorn, In Lot I the percentsse increases im live weight were
zood towards the start but started dovnwerds and then re-
covered greatly on feedin; alfelfia hay, the .restest recovery
being in the case 0f the ¢:1f started on hay =t the younger
age, In the body messurements of this group the tendencies

were quite similsr,



Table IV
Percentace Incre:se in ILive Welshts ané Body Measurements.
Groop Normal Lot I Lot II Lot II1
G2 | | I
No. 479 489 498 502 438 495

Increase in Live Weight

Period 7% ) % % % » %
I 4 24 45 35 4 71 46
II 79 63 91 80 22 152 120
I1I 143 112 155 151 65 265 223
IV 215 120 218 224 66 388 309
v 291 179 271 267 505 421
VI 369 232 349 321 | 611
VII 446 249 444 396
vilil 516 280 524
X 575 325
Increase in Height at withers
Period
II 7 4 9 4 3 8 8
I1I 15 10 20 11 8 15 13
Iv 21 12 24 17 9 23 25
v 27 ] 29 25 2l 36
VI 34 20 36 32 40
ViI 39 32 43 a7
VIII 43 33 48
IX 46 38
Incregsse in Depth of Chest
Teriod
II 1z 12 8 13 3 15 S
III 25 23 23 28 20 3 27
IV 25 30 32 41 25 41 39
v 47 38 42 47 50 50
VI 51 47 48 52 65
Vil 64 55 56 59
VIIiI 71 - 54 58
IX 78 60
Increase in idth st Hooks
Period
II 12 12 16 19 10 15 16
IIX 27 23 32 37 13 32 39
iv 40 28 50 _ 47 13 53 58
v 52 - 37 50 54 75 65
VI 67 51 54 69 91
VII 76 52 58 76
VIII 88 60 78
IX 97 71
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Gondition and Behavior of Celves,’

| Certain results brought sbont by the rations fed to the
enimels were most n:ted in physiecal cherscteristics, other than
weight and body measarements, and in their body sctivities =znd
generszl behavior,

Lot I - Milk, In the early part of Period III, czlf Xo,

479 showed & ravenous =ppetite for shsvings and st:irted to est
heir from Ko, 489 and the faeces were very thin, The animsl
was -uite thin bat the muscles were firm, By the beginning of
Period IV, Lo 479 began to lie down considerebly. The fseces
were wetery and slete grey in color, The muscles were firm
put there was no anparent body fat and the culf strrted to
chew the wooden walls of the ren, Ir Period VI, Ho, 479 had
teken precticelly all the hair from the back of No, 489 and
attempted to cud, This wes probsbly due to the hair and wood
eaten,

In Period II, calf Ho, 489 showed & depraved avpetite and
in the esarly vert of Period III beceme weak in the knees when
led, and down in the front pesterns, Late:r in tke period its
zait became stilted snd the legs we:re stiff at the knees snd
hocks, The skin wes very sensitive and twitched whern touched,
especiallj elong the spinsl columm, 3By Period V, czlf No, 489
had become quite listless but was eratic to handle,

¥ithin a few hoars of the introduction of slfalfs hay to
the ration, these calves were chewing the cud and continued to

imorove from that time orn.
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Lot II - KEilk and Grain, The calves in this groap may

be trested sepsrately. In the esrly part of Period III, c=1f
Fo. 498 had 8 good appetite and wss in good condition but
showed & craving for roughage, It chewed its cund sligktly,
probably due to eating shavings used as beddin:; at that {ime,

bat they were removed, In the early nart of Period V the

9

leg joints became swollen end the calf c:ald not stand straight,
The knees were bowed oatwerd and forward, The appetite was
good but the faeces thin, When this calf was pat on hay =t
the beginning of the sixth period, it begsn to improve and at
the end of Period VII it wes in good c¢ondition,

In the esrly vart of Period II, ceslf Ro, 502 begsn to
chew the boerds of the pen and to cud to & smell extent, it
this time it h=d a good appetite thoush 1t was thin and its
heir on end, Its vitslity kept lowerin: antil in the early
part of Period V it began %o bloat and this eventomally be-
came hsbitual =znd cansed mast pain, It became weak in the legs,
anable to rise, eventwnally lost 211 control of the nind yusrters,
and died,

Lot III - ¥ilk and Alfalfs Ratl n, The animals in this

group were In good thrifty condition throuzshout the trial and
always meintsined a sleek glossy coat, Thelr faeces were
normal thoush alfelfs hsy in this section is sometimes not the

best for cslf raising es it st times tends to prodauce seounrs,

Post-Mortem Exsmination of Calf No., 502 in Lot II, A post-



mortem examinstion wes conducted on cslf Ho, 502 immedisately
after deeth, by Drs, B. A. Benbrook and H, D, Bergmen of the
Veterinary Division,

The Stomzach, Ir the stomach as 2 whele the mucous mem-

brzre, folds snd papilll were all spparently normal, TRe
mascaleture of the wsll of the rumen wes not well developed,
The rumen was aboat one-third undersized and distended with
gas, The contents were dry and consisted meinly of oat hulls
and some grain, The muascalature of the wzll of the reticulum
wes not normally developed, bat the compartment approached
rearer to normsl than 4id the rumen, The omasum wes also
andersized, The sbom:ssum wzs apparently fully developcd and
contained about a quart of fluid very similer in appearance to
bile snd cortzined s sediment of cinders shéwing that a de-~
praved sppetite nad caused the ealf to eat the cinders used
for bedding in the lasitexr part o2 the experiment, Derangement
of the mechanism of the pylorus or hyveracidity of the stomach
night explain the nresence of the bile-like fluid in the
abomasanm,

The Intestine. Catarrhal enteritis wes apparent throuaghouat

the intestinal tract, The contents of the snsll Intestine

were fluid and yellowish in color with smell orange-yellow
flsky bodies occaring in the fluid., This fluid was spparently
largely secreted froﬁ the intestinsl wells, The contents of the
caecum gppesared drier then normal, The smount of fszeces in the

rectum was also small,



The Glands, The liver was slightly enlerged, of lighter

color tham normsal, soft, frieble, end had a cloundy swelling,
doe to congestion, The gsll bladcder was sbout 4 times normal
size 2rd cont:ined stont 1% pints of fluid., The bile was light
yellow and flocculent, instead of greenish in color. Catarrasl
infection caused sweliing that almost entirely closed the
openingof the bile duet into the duodenum and pressure or the
g211l bledder would force »nly a smell amount of fluid into

the dmodenum, The wsll of the gzall blasdcer showed slight
haemorrhages,

The kidnmeys showed no merked changes bat the orine in the
bladder was sligntly cloudy znd there was & slight congesiion of
the blood vescels in the bladder wsll,

A hyperstatic condition existed in the.principal lobe and
most of the anterior lobes in the lower border of the risht side
of the lung, The remcinder of the lang ticsue was edematous,

Haemorrhages occarred in the epicardinm and endocardiam
and were especislly evident in the lining of the left ventri-
cle, They were due to Infection. The blood vessels in the
walls of the gsll bladder, in the walls of the bladder ané in
the mesentery, showed haemorrhages due to infectiorn smd wesken=~
ing of the walis of the blood vessels, The blood was dsrker
then normel and slow to coagulste, This was due to an in-

feetion destroying the enzyme thrombrokinase, which enters into

the clotting process,
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The spleen was enlsrged, due to destruetion of red blood
éells in large gusntities ss the result of infection. The
ropld destruoctbr of red dlood eells results in greater pro-
duction of these cells in the bone marrow ard consequerntly the
bone marrow wes slizhtly red instead of being the normal y.llow
color fer a calf of this age,

General, The muscles were slightly yellow end edemetous,
possibly due to & leskaze of blood serum, The znee znd ankle
joints sppeered to be rnormsl in both cepsule snd bone, The
ferar of the right hind leg was broken just below the hip joint
and csvveared to have been broken atont two days before deeth.
There was some hgenorrhage and laceratior shbout the brokxen part,
The wall of the femur where broken wes thinner than in s normsl
¢2lf of the ssme zze, A sectior of the radins, just below the
left kn.e was tzken for a bresking test,

Canse of Degth, The immediate csuse of dezth was s ron-

specific septicaemia erising from orjenisms normelly present

in the bovine body, Owing to the weskered condition oI the

csli thers organisms were zllowed to develop ondaly, The immedi-
ate cause of degth wns this non-specific septiceemis which
develoned owling to the lowered vitelity induced by undernutrition;

Breskin: Test of Bone, The bone semple tsken from the radius,

Just below the left knee of cslf Ho, 502, was giver both the
bresking srd crushinz tests by Professor J. H., Griffith of the

Enzsineerivg Division,



The sample of bone used was 6% inches long and 2 9/16
inches at its smallest circumference, The bone had been
removed from the body sbont a dsy before the breaking znd
crushing tests were mede,

In the breaking test the bone was placed on blocks
with 8 5-inch span, A 5/8-inch bar 1aid crosswise sustzined
the force spplied from above, The bone bent, eracked and
finelly vrokz with 2 wvarisble losd of from 190 to 640 poands
per sypsre inch, The flexidility of the bome was largely
doe to the low content of ash constitaents,

In the crushing test the weizsht was applied orn the bdone
2% inches from the upper articulation by means of a 3/8-inch
flat iron bar with roonded edges. The bone crusned with s
load of 400 pounds per sguare ineh, The bone was 3 inches
in circumference at the crushing point, with the wall of the
shaft varying sround 3/32 of an inch in thickness at the
point of crushing, The bone shaft at this point was 1 1/16
inches wide and 5/8 inch thick,



DISCUSSIOR OF EESULTS

It hes been shown thst milk as the sole ration for
calves ig aornsuiteble end that g ratiom of milk with s
grain nixtare of corn, osts, wheat bran aznd old-process
linseed 0il meal is even less v:zlusble, while the sdéition
of 81f=1fa hay to these two rations will render them juite
well adavted to the needs of tne growing cslf, An ex-
planetion of the differernces in the vslume of the rations
is by no means easy,

The first point ot note is the amoant of nautrients
consumed by the calves, From the feed data and the snalyses
given by Henry & Morrison (17) this informetion wes obtzined
eand from the same souree the sctusl reguiremernts of the
czlves were determined as im Psper V of this series. ‘The
percentage varistion of the amount of natrients consamed
from the reguirements of the cslves were then obtesined for

each Z0-day pexriod,
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Tgble V

Percentage Increase in Hutrients Provided in
Adédition to Zesnirements - Lot I

Calf Ho.l 479 489
Dry HMatter giggztible Hugziggfs Dry Hatter Diéestible E::igfnt
Protein Zguiv, Protein Zquiv,

' Perioa | % % % % % %
| Fo.
! i

1 la 44 50 3 12 33
1 32 43 50 10 17 14
s 8 15 21 -2 5 11
I 30 5 12 -51 -17 -10

A Y 8 13 -62 -22 -28

VI (49 -13 -6 -52 69 -21
v -57 -12 -18 -28 122 4
VIII  {-23 151 18 24 283 1

X -2 218 17 :
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Table vy

Percentage Increase in Rutrients Provided in
Addition to Recuirements - Lot II

Cclf Xo. 498 502
Pry Matter Diggstible Hgtrients Dry Matter PDigestivle Rutrient:
Croce Carbo, Crade Garbo,
DProtein Equiv, orotein Zcualv,
Period % % % % % %
No, 1:
I 16 26 33 -1 9 i2
II 4 8 14 39 32 47
I1I 29 14 27 58 39 53
Iv 46 15 21 71 39 58
v 1 9 25
VI 14 114 28
ViI -5 165 22
VIII
IX
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Table VII

Dercentzge Increase in Notrients Provided in
Lot IIX

Calf o, 438 495
Dry Matter Digestible Nutrients |Dry Matter plgestilie Rutrients
Crnde Caroo., k?nﬁe garﬁo.
Protein Zguiv, protein paniv,
Period % % % % % %
' No,
1:
I 7 14 20 47 88 57
It 47 111 47 86 187 82
I1I 4an 143 26 26 253 65
Iv 6 307 &1 25 295 64
v 10 246 4] -4 E64 24
VI 10 483 41
Vit
VIII
Ix

Addition to Regulrements -
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-Lack of Bulk, To prevent corfusion it should be stated that

there is a distinctior betweer the bulk of a feed snd the dry
matter it contsins, The dry matter is simply the sum of the
weter-free constituents present, While the balk of = ratiom
is indicated by the weight of the feed which will f11i a
givern anit of volume, Thus 100 pounds of corn and 100 pounds
of zslfalfe hay sre of the same weizht but the corm occupies
considerebly less space than the hey and so the alfelfa hsy
is clsssed as & balky feed,

The czlves in Lot I had en oversnpnly of dizestivie
natrients until the ernd of Period V in the case of calf No,
479 and urtil the end of Period III with calf Ho, 489, 4t
those times the supolies of nutrients becaure deficient and
cortinued to be so until s8lf=2lfa was sdded to the rationm,
even though the ctlves were receiving =211 the milk they
could handle, The excess of natrients thet was st first
supplied decreased sraduelly while the exces: of dry metter
decreased more rapidly srd st =n eerly stuge in the experi-
ment too 1little dry metler wse being allowed, when nilk -
lone was fed, As alfsife was sdded to the ration the deficiency
in the supply of dry meiter gradually decressed and when the
calves had come back into good condition the dry mctter defieci-
ency vwas repidly disappecsring, 1In other words, the bulky
hay apparently sided in the recovery of the cilves, ir Lot I,
due to the fact that the sdditional balk helped to expand the

rumen and other portions of the digestive tract and render the



calves capable of handling the nuotrients with which they were
provided, This necessary bulk was nol present when the sole
ration of the calves was miik,

It should be noted that calf No, 479 was always behind
normal in live weigkt incresse, but after 2lf8lfs was added
to the ration it came nearer to normsl, Cal? Ho. 489 was a-
bove normal at the start but decressed relestively in live
weight until alfslf= was added in Period VI wnen it started

to incerezse rapidly in live weizht ard st the erd oI the

0

trizl wis 2%ove normal,.

¢

In Lot II where milk and grain were fed there were omly
a few times a% whieck the supmly of dry metter wss deficiext,
There wes a dignt defieiency ir the 1 sst period for cz=l1f o,
498 and ir the first period for czlf Fo, 502.v The dry matte:
these calves received was not of a “nlky charscter crd celf
Yo, 502 died in Period V, althouozh it had zn szmple supnly of
natrients throughout the trisl,

In the case of calf Ko, 498 the feir excess of nutrients
available at the start decressed irregulsrly cntil 4in Period
V ther. was ar excess of orly 1% of dry metter ir the raiion.
Alfslfe hay .88 then edded ©rd there wes o greet inereusse im
dizestibtle crude protein and slso r other nutriesnts. The a=-
mount of dry mastter was also increzsed thoush it went below
the reiuirenents in the last period, perhaps due 10 increzsing
c:paecity on the vert of the culi,

The calf Fo., 502 was slweys Below normsl in live weight in-
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crexzse while the e2lf Ho, 498 maintzined & good rate of in-
crease Tor & time but dropped velow normal in Period V amd
then on the addition of 2lfalfs haey incressed in live weight
in s menner more nesrly normsal,

Xvidently the sddition of the gresin mixture to the milk
ration not only did not provide suificient bulk bat it had
other bad effects as the calves did not do es well as those
on milk glone, The addition of a bulky feed produced good
resaits however,

The calves in Lot III were provided with plenty of bulk angd,
with but one exception, with plenty of dry matter, as fhey
had & ration of milk and alfslfe hey from the start., In the
rate of live weight incresse they kent well shead of The normal
ecalves,

Thas far the dat:c presented -ould indicste thzt the pres-
ence of sufficient bulk in the ration is absolutely necessary
for young growing calv:g,

Guality of Ash, The guuntity and the ;ualfy of the ash

fed in the rastion to enimals has a considersble infloence on
the ultimate benefit of the feed to the snimal snd onme of

the important factors to note is the csleium=magnesiom retio
in the rstions of the verious groups., Hor the determination
of tals ratio the FTigures on the lime and magnesia contents

of feeds givern by Henry & Morrison (17) are used,
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Table VIII

Lime and Maznesia per 1000 1lbe, of Feed,
After Henry & iorrison {(17)

Feed Milk Corn Dats Bran 0il ilesl 41fs1fa Hay
1bs, l1bs, 1bs, lbs, 1bs, lbs,
" Lime 1.8 A 1.4 9 5.1 19,5
Magnesia | .2 1.8 2.0 7.5 8.1 5,9

x Paken to be the same =25 in skim milk,
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Table IX
Lime-lagnesie Ratio in Rations of Lot I

;Calf Ro, 479 489 479 489 473 l 489
Lime Magnesia Ratio
éPeriod 1bs, 1lbse. 1bs, 1bs, 1:
. I 63 60 07 07 N 8 ol
IT 81 .88 .09 10 ol 1
II1 «87 1,08 10 2 ol ol
§ IV 37 1.13 o1l 13 ol 1
| v 1,13 1.13 .13 13 o1 ol
VI 1.13 2,01 «13 27 ol ol
- VII 1.13 4,04 13 1.01 ol 3
11 2.81 | 5.11 64 [1.35 .2 .3
| IX Z.49 .84 2




Lime-Yagriesia Ketio in Fations of Lot II
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Pable X

Celf Hol 498

202 ‘ 4358

502 ‘ 498 ‘502

Lime Mazresia Retio
- Period lbs. | lbse, lbs, }1lbs, 1

I 39 39 04 LO4 ol ol
I1 44 49 06 LOQ ol o2
III «58 58 15 ?17 3 3
Iv «57 56 «28 325 o5 3

v .60 Y N ]

VI 1,72 62 4

Vil 2,64 .81 o3
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Table

Lime-Magrnesis Retio in

XI

Retions of Lot III

Cslf Ho. l 488 I 495 i 488 435 l 488 I 435
. } t }

Lime Hegnesisa Retio

~ Period 1bs, 1bs, 1be. 1bs, 1:
1 54 | 73 .06 11 .1 2
11 1,36 {1,351 .25 .30 o2 2
III 2,23 {2,68 .52 .66 .2 .2
Iv 4,40 (4,09 1.18 | 1,08 o3 .3
v 5,96 |5,10 1.65 | 1,39 o3 .3

VI 6491 1,94 W3
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In considering the ratio of the Yime {(Ca 0) to magnesis
{¥20) in the rations, the lime content is tzker ss anity, It
was foand in the case of Lot I thet the ratio wes 1: o1, Or in
other words, there wss 10 times as much lime as magresis in
the ration when milk elone was fed, When alfalfe hay was added
- the rztio changed to 1: ,2 or 1: .2, or in other werds, there
~was b to 2 times as mnch lime as magnesia, In Lot III the
ratics found were very similsr in some respects to those in
. the lster periods for Lot I, the rstic being generslly l: ,2
or 1: 3.

¥ith Lot II the lime-magnesis retio chsnged to 1: .4 in
~ the case of calf No, 502 just before its death and to 1: .6
for calf No, 498 in Period V, At this time c¢slf Ro, 498 cat
' itc grsin consamption consider:bly =nd in the next period the
retio was 1: .4, while in the following period 1f was back to

: «3 on the sddition of alfslfs hay to the ration,

These results appenr to he in sccord with those of Forbes
{12)., When arn excess of msgnesiuom in proportion to the cal-
cium is provided, the excess oI msznesium is removed by s
coanteractive liberation of celcinm from the tissues, especially
" the bone, and this may lead to melformetion of the bomes,
especizslly of fhe legs. Soch malformations of the legs were
gqaite roticeable in the case of ealf No, 498 before alfalfa
was added to the rstion, bat on 1ts addition the bones of the
legs showed merked improvement, This wounld indicste that s
rstion of milk and the grains used is not only deficient in
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bulk but 8lso lacks the proper belence o2 lime and magnesia
in the ask and is ever less suaited for zrowing ealves than a
retior of milk alone,

Vitemine Supply. snother very import:nt factor so for as the

ngtrition 9f the ccolvwes in this sady is corxeerzed is the suprly
of vitamines, s there is & possibility that the calves might
not have b..-n provided with safficient of them,

In considering =11 lots it may be said that batterfat is
8till regerded as the most importent source of Fet-Soludle 4
~and this is c¢learly demonstrated in the compilstion of Blunt
end Weng (3). It may be =llowed vherefore thst the ci.lves
had sufficient of this vitumine,

Milk is not too rich in Weter-Solubie B according to
Osborne, Hendel, Ferry & vwekeman (19) bat there'shOuld have
been sufficient of it present to cerry the varioums groups in
good condition, It is perhaps alsc true that the Water-
Solable C present may have been sufficient aecording to Chick,
Hame, Shelton & Smith (6 & 7).

when the other feeds in addition to milk are considered
if is noted that the yellow corn fed to Lot II contained Fat~
Soluble A sccording to Steenboek & Bontwell {22), although
this wss alreédy present in the wmilk, The cereals provided
would also farrnish the calves with additional Water - Soluble
B according to Osborme & Mendel (18) but the bran woald be of
no value in this respect according %o Brigzs (1), The oats



_and other grains would not add any ater-Soluble C according
to Harden & Zilva ({12), As « conseynexnce therefore, Lot II

was probably provided with more Fet - Soluble 4 and Feter-

Soluble B than Lot I but they 4ig not 4o as well znd so the
deficiencies of milk ss the r tiox of Lot I cannct be ateri-

buted entirely to the lasck of these vitanmines,

Ir the third lot slfalfa hay wes fed in addition to the
milk and these calves did well and the animals in Lots I and
ITI, which had readed a very low degree of vitality, re-
covered when alfalfa was fed, A4Alfelfa contains Fet-Solable
A sccording to Steerboek & RBoutwell {22) bat this was airesady
presert in the milk., %ater-Soluble B occurs in considersbple
amounts in imnsture alfslfe bat in less smounts when it is
matare as hes beern ststed by Osborme & Mendel (18) end un-
doubltedly much of this is lost in haymaking snd storesge and
so it is doobtful 1f the 21f21fs improved the ration so far
as Water-Soluble B is corecermegd,

Alfelfa also contzins Wster-Soluble C but Chick, Hume,
Shelton & Smith (7) and Delf & Shelton (9) state that when
the living tissues are disorganized by drying the Vster-
Soladble C is destroyed., Conseugunently the elfalfs hay would
apparently be.of little vaine to the calves &s 8 source of
this vitamine, The alfelfs hay was the feed which produced
the greastest growth a2nd brougnht the cslves that were below
no;mal back to normal amnd yet it would appear that this was

not entirely due to any vitemines which it might supply.



From the resalts obtained in %this work it would sopesr
that thomgh milk is a posr retion for calves after they are
& few weeks 0ld, the addition of 2 zrain mixture saeh ss
that used will zive even poorer resmltis, On the other nend,
the feedinz >f 8lfslfa gave good resulits.

It would awpesr that the berefits of alfalfs do not lie
entirely in the provision of more nutrierts or in improving
the vitamine supply, The 2l1falfa provides bulk which keeps
the digestior tract of the c=if distended and in proper eon-
dition for the hasndling of feed, The grain uased produced
bed effects by inereesing the relstive smount of ma.mesium as.

compared with ezliciam in the ration,



Summary

From the work reported here it wouid epnpear that the
following dedmctions sre possible:

1., 41z though a suitable ration for young calves can-
not maintsin ruminants indefinitely,

£e The zddition of s grsin mixture of corn, oats, bran
and oil meal %o 2 ration consisting solely of milk impeairs
the growth of the ezlves and lesds to death even more rapidly
then & ration of milk only.

3. The canse of the earlier death on the sddition of the
grains is probsbly due to the depletion of the bod; stores of
celciam due to the faet that the zrzins contsin more mazsnes-
iom then csleiom and calciom must consequently be drewn from
the body, expecial'y the bones, to take csre of this excess
of magnesian,

4, The addition of s8lfslfa hay to a rstion of milk or
of milk, corn, oats, brzn and o0il me:l will bring back to
good growing condition animels which havé Pallen to a low
plece of natrition on the rstions mentioned,

5. ¥ilk and slfaelfs hay esar be ased to grow omt celvwes
satisfsetorily,

6. The beneficial effects of the alialfa hay are avpsr-
ently not due absolutely to the rutrients it sappliec 22 en
atundsnce of nutrients had been provided in trne other experi-

mental rations,
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T It is spperently not probably thet the alfalfa hay
adds in a»nprecisble smounts vitamines which might hsve been
ebsent from the other rations used,

8. Where alfalfe is added to & ration of milk and the
grain mixtare ased, it wounld anpear that part of the benefi-
cial effect of the alfalfs is due to the fzct that it in-
cressed the caleciam content &s comwzsred to the msznesium con-
tent of the ration arnd thus conserves the ealciam stores of
the body,

9. The msin sdvantage derived from {the alfslfs hay
seens to be due to the fact that this feed, being balky in
character, helps to distend fthe diestive trzet of the eszlf

and so renders proper digestion possivle,
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STUDIES IN THY GROWTE ARD NUT-ITION OF DAIRY CALVZS

VII. THS USE OF TH: SZLA-FEEDER WITH YOUNG DAIRY CALVES,




Studies in the Growth and Nmtritiorn of Deiry Cslves

VII, The Use of the Self-Feeder With Young Deiry Celves,

Avpetite, as an indicstor of physiologicsl needs, has

- been minimized by many investigators in the field of human

- and animal nutrition. TFrom the beginning the whole arnimal
kingdom has been controlled in 2Zts feeding problems only by
; appetite and environmentzl limitations of the feed supply.
Consegnertly, even tho *he role of appetite be rot of great
| importance uonder srtifickl cxperimentzl conditions, yet, if
' the brosd facts of the case, the continued existence and

? multiplication of marn and other animals sfter countless seons
| of feedinz with zrpetite as their sole gaide, be tzker into
: consideration, it mast be recognized ss of some value,

Eesume of Previous %Work

The attention that has been giver to the study of anpetite
ean hardly be celled ceriticsal, Zvverd (1) hes reviewed the
literature on the subject and shown that sppetite is s fsirly
relisble indicator of the physiologicel needs of the pig., A
very limited amoant cfwork has been done with cattle, bat

‘ other mz=terial, not obtsined with s view to studying the

- appetite of animals, may be reviewed here ss of interest in

§ connection with the work reported on the grinding of zrain for

i calves,
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It has been stated by Jordan (3) that the grinding of
oats and corn incressed their digestibility in the case of
horses, the with sheep whole oats were as completely atilized
as ground grein,

It has been found by Fain =nd Jarnazin (2) that, where
corn meal and shelled corn were used to suprlement skim nilk
for celves, the daily consamption of shelled corn was zrester
than thaet of corn meal, tho the r-.te of gain was grester and
the amournt of grsin cosumed vper 100 pounds live weight zain
less in the case of the shelled corn,

Kildes (4) salso recommended whole osts in preference to
ground osts for calves., Otis (5) found thet calves fed shelled
corn mede larger galns =nd corsumed less skim milk end hay,
bat slizhtly =more grain ver 100 pounds iive weight zsin, than
did those fed corn chop, EHe also found that skim milk calves,
two to three months old, consumed about 10 pounds of water per
head daily,

In view of the wark that has beer done with the self-feeder
as ah ad juect in the management of other tyres of live sitock this
work was undertsken with young calves, The mein objeet was to
determine the ability of calves to select rations suited to
their needs, to see their preferences for the various concen-
trates and obtsin some knowledge of their demands for salt and
water,

Experimental Hork

Three calves, two heifers and a boll were used, All were in
good growthy condition and information concerning them is given in

Teble I,
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Teble I, Aninals Used,

Calf No. 411 413 414
Breed Gaernsey Ayrshtre Holstein
Sex ¥ 7 by
‘Initisl age, days 70 a7 30
Initisl weight, 1bs.§ 146 110 110




From the time they were tekern from thelr dams st about
.3 days of age, until the beginning of the experiment, the
calves hed been fed whole milk, All had become accustomed
to consuming smell quantities of hsy, while the ball, Yo, 411,
wee the only one femilisr with grsin,

The experiment lasted for two neriods 0f 30 dsys eaech,
- and throughout this time the snimals were giver what milk
wag thought to be suited to their needs, skim milk being ased
. t0 replsce part of the whole milk as they became older, A
: supply of slfelfe hay, of medinm gnelity, was kKept before the
3 animels at 211 times, A self-feeder in the pern contained the

following feeds in separste comp:urtments:

Shelled cornm Linseed oil meel (0. P.)
Cracked corn Wheat bran

Whole oats Corn gluten feed

Ground osats Salt

Homiry feed Charcosl

For = fev hours esch dey fresh wcter was kept in fromt of
the calves,

4%t the beginning of the experiment and &t the end of each
30=-day period the animals were weighed on esch of three con-
secative days. The averagze of the three consecative weighings
was taken as.the live weight of the znimsals,

A drily record wass kept of the smoonts of milk, hay and
water consumed and records of the other feeds nsed were ob-
tained for each 30-day veriod, Moisture determinstions were

made on 811 feeds to sllow of the compaiation of the total water
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and dry matter consumption,

Discassion of Results

Milk consumntion records were obtained for esch animsl
and in Table II are given by 30-day periods, In Period I
the ball was given more milk than the heifers, but during
Period II esach animsl received 226 pounds of whole milk with

an equal quantity of skim milk,



356~

Teble II, - Indivijoal Milk Consumption (Arbijfrarily Allowed)

Period No, I I7
Calf Jo, | 411 413 414 411 413 414
Whole Milk, lbs, 276 294 234 226 226 226
- Skim Milk, 1lbs, 84 42 42 226 226 226

452 452 452

o1}
(%3]
N

 Potel Milk, lbs, 360 536
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The total consumption for the group, of whole and skim
milk, the various concentrates, hey, salt, charcoal and

water sre collected in Table III,
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Table II1I. - Totsl Feed Consumption.

Period I II
Mik - lbse 1bs,
Whole 864 678
Skim : 168 678
Concentrates -
Shelled corn 1,3 108.6
Cracked corm 0 3
Whole osats 58.7 68,4
Ground oats S D
Honminy feed 0 3
Glaten feed 15,3 1.9
Vheet bran 13,3 17,3
211 meal (0.P,) 62,7 75.6
. Alfelfa hay 32,7 91,9
Salt 1.1 9
Charcoal o« 1.3
Water 384 689 .
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The relative consamption of whole and ground grsains can

be more clearly spprecisted when they are considered separately,
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Teble IV, = Consumption of Whole and Ground Grains

Period I IX Totel

thole Grain- Lbs, Lbs,. Lbs,

Corn 1.3 108,6

Oets 58, 68.4 Z37.0
Ground Grain-

Corn .0 3 ——————

Oats o4 o5 ———

Hominy 3 o0 1.5




Prom this evidence one féct is very apparent - the
calves showed e decided preference for the whole rather
tharn the groand greins, During Period I prescticslly no corn
was consumed but in Period II there were 108,6 pounds of
whole corn and only .3 of a pound of erszcked corn tsken,
The whole oats was consimed to the extent of 58,7 pounds in
the first veriod and 68.4 pounds in the second period while
never more than ,5 of s pownd of ground ocets was cornsumed in
20 dasys, Hominy feed was slso neglected in favor of the
whole corn esnd oats, The total corsomption of whole grain
was 237 pounds while that of ground grain wss 1,5 pounds,

0il1 mesal was the mest fsvored of the nitrogenous concen-
trates, and the consumption of it increased ss the experimert
progressed, Wheat bran was a poor second whilé gluten feed
appeared %0 te the least desirsble, as only 1.9 pounds of.
it were consumed durinz Period II as compared with & consump-
tion of 15,3 pounds in Period I, This decided decreasse in
consumption of zluten feed may perhaps be linked up with the
increase in counsumption of shelled corn, which‘in tarn was
probably dae to another factor, the skim milk incresase in
the ration,

As the experiment progressed the daily allowance of skim
milk was increased at the expense of the whole milk, =his
tended to narrow the ratritive ratio of the ration., The

calves counteracted this, however, by increasing their con-
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sumption of low protein concentrates from 60,4 pounds in
Period I to 178,1 pounds in Period II, or 195%, while the
increase in their consomptlon of high protein concentrates
was relatively smsll, going from 31,3 pounds in Period I
$0 94,8 pounds in Period II, or only 4%,

The consumption of elfalfa hay, water snd chsrcoel in-
ereased ss the experiment progressed, while that of s=lt

decressed,



Table V, - Averege Daily Feed Per Calfy

Period I II
Lbs. Lts,
Whole milk 9460 7653
Skim milk 1.87 7453
Corcentrates 1,69 2.03
Hey 1) 1,02
Salt 012 #0038
Charcoal .008 .013
Water 4,27 7.66
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From this it is spparent thet the consuomption of grain,
hay and water increassed very rapidly with the growth of the
calves, the average daily reguirements of water mounting

from 4,27 poands in Period I to 7.66 pounds in Period II,



T-ble VI, ~ Consumpiion of Dry Mat
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er and Wster.

Constituent Dry Matter Water

Period I II I II

Lbs, Lbs, Lbs, Lbs.
Milk 127.8 158.,3 904,2 }1,202,7
Concentrates 13346 230.4 18,1 42,5
Hay 27.7 7.9 5,0 14.0
Condiments 1.8 1.6 - ———

Water wemen | cecees 384, 689,
Total 290.9 463,2 1,311,3 1,948.2
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This again demonstrated the rapid increase in dry
matter consumption from 290,9 pounds in Period I to 463.2
pounds in Period II, while the total consumption of wster,
as drinking water and in the feed, incressed from 1311.,3
pounds to 1948,2 pounds, or from 14,57 pounds per dsy in
Period I to 21,65 pounds per day in Period II,
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Table VII. - Iive Weight Gains

Calf Ro, 411 - 413 414 Total Averzge
Live Weight - Lbs, Lbs, Lbs, Lbs, Lbs,.
Initial 146 110 110 366 122
Middle 209 158 164 530 177
Pinal 278 219 226 723 241

Live weight Geins-

Period I 65 48 54 165 55
Period II 69 61 62 192 64
Total 132 109 116 357 119

Average Daily Geins-

Period I 10 1.60 1.80 5.50 1.83
Period II « 30 2,03 2,07 6.40 2,13
Average «20 1,82 1,93 5,95 1.98
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The live weight gains were very creditsble, verying
from 1,60 pounds to 2,30 poands =snd averaging 1.98 poands
per hesd per day, The celves did not become too fat but
remained in good growthy condition ~ that most desireble
for young dairy calves, The feed requirements per one

hundred pounds of live weight gain are relatively low,



Table VIII, - Feed Reguired for 100 Lbs, Live Weight Gain,

Period I 11

Lbs, Lbs,
whole milk 524 &53
Skim milk 102 obé
Grain 92 142
Hay 20 48
water, drinking 233 359
Potal dry matter 176 241
Total water 795 1,015




The calves showed distinet preferences for some of
the grain preparstiors, but there is the suestion, how
nesr did they come to b:lencing their rations in secordsnce

with the concepts of modern feeding standards?
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Table IX, - Actoal and Expected

Congumption of Hatrients by Calves,

Period I IX
Batrients  Actnal | Expected |ictual | Expected
!
®otal dry matter, lbs, 209,9 267.2 463,2 }412,8
Digestible crude protein, lbs, 66,4 43,8 94,1 60,9
Total digestible nutrients 1bs,] 292.8 230.1 425,1 }327,9
Nutritive ratio 1:3.4 1:4.,3 1:3.5 (1:4.4
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The consumntion of dry natier and digestible patricrnts
by the calves is seen to be well above expectations bar it
has slready been shown that the heavy feed consumption l.d
to larze snd economical zeins, According to the Modified
Wolff-Lehmann Feeding Standard the feed for the calves
should on the aversge have had a natritive ratio of 1l:4.3
in the first neriocd and 1:4,4 in the second, EHowever, the

E calves seemed to prefer 2 ration with a much narrower
natritive ratio, Por the first and second periods the
nutritive ratios of the rstions were 1:3.,4 and 1:3.,5 res-

g pectively, In this choiece of a narrower natritive ratio

’ the cslves may have been correct. The celves zrew rapidly
and gained in weiéht but did not vecome too fat.and this

is the desirsble method of growing out young d:iry animals,
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SUIBAARY

This work is too limited in scope to ellow 0f the making
of definite regomxmendations but s few points of interest
stend osat clearly:

1, Young calves prefer whole corn erd oats to the ground
grsins,

2, Hominy feed does rot appear to be palatable to calves,

3, Linseed oil mez=l (0, P,) a&pprears to be more nalatable
than wheatv bren, while corn glonten feed is not inm favor with
calves,

4, Csalves heve the gbility to vary thelr consumption of
concentrates to comply with their needs, For example, when
whole milk is replsced by skim milk the cslves ineresse thelr
relative consumption of low proteln concentrate feeds such
as corn and osts,

5. The calvec ased in this work consuomed a ration of
manch narrower natritive ratio than is generally remommended,

6, The calves msintained the nutritive rstlio of thiir
ration fairly constant though it beceme slightly wider as
the cezlves advanced in age,

7 The consamption of hey imcressed materially ss the
cclves became older,

8, Salt and charcoal were evidently desired by the
calves,

9., TWVater 1is important, ever for calves fed milk,
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Studies in the Growth and Hatrition of Dairy Calves,

VIII, Resising Deiry Heifers by Means of the Self-rFeeder,

The self-feeder is now recognized as & valuble ad juct
in the feeding of hogs and 2lso to some extent in fatten-
ing beef cattle, Its use with dziry cattle is still in the
experimentel stage, however, and the project reported here is
supplementary to the work'outlined in Paper VII »f this series,

Fesume of Previous Work

Part of the work on the use of self-feeders and problems
intimately connected with their use has already been reviewed
in Peper VII of this series but 2 few sdditionsl refererces
mey be given here,

Amorig the few references obtainzble it is found that
both Cook ) and Kevens (4) reported good results where a
grzin mixtare was provided in a self-feeder for calves. On
the other hand, Hant (3) found that cows in milk, when al-
lowed access to a self-feeder, consumed so much grain that
milk production was very uneconomical,

A report has already been given of the preference of
young cslves for whole grains end Hanly (2) obtained similar
results, while Woll & Voorhies (5) found & slight adv-ntage in
feeding sround grain but the difference was not sufrlicient to

pay for the grinding.
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Experimental Work

The work outlined here was aondertsken with the view
of ascertaining the possiblility of reising dasiry heifer
calves from birth to the sze of first freshening with the
aid of the self-feeder, The feeds used were very similar
to those used in the earlier work r.ported in Peper Vil of
this series, with the exception that gluten feed and aominy
meal, which had proved to be anv:latable, were excluded,

Three puarebred heifer cslves were used, Ail were in
Zood growthy condition when put on the self-feeder at an
average age of 27 days. Information concerning thea is
given 1n Table ] and wnere necessary it is calculated to

October 5, 1919, the da. or which the trial sterted,



Table 1
Animsls Used

Calf Ho, 487 491 493 Rverage
Breed Jersey Ayrshire Holstein
Birth welznt 1lbs, 64 60 80 68
- Age, days 43 20 19 i 27
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From the time of removal from their dams, until the be-
 ginning of the experiment, the cslves had been receiving
whole milk =nd were on pasture & few hours dsily, In edaition,

- calf No. 487 had also had & 1ittle hay and zrain before the
start cf the trial.
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Table I1I,
Previoucs Peed

Calf XNo. 487 491 493 Total Aversge
Sucking,

Days 1l 6 5 12 4
Whole milk 1lbs, 359 103 103 565 188
Pasture, hours }328 104 104 536 179

Y
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. 211 feed records were kept by ’30-dey periods and at the
end of each period the animuls were weizned orn each of three
successive days and the averszge of the three weighings was con-
sidered to be the weight of the animals at the end of the period,
The heizht at withers, depth of chest and width st hooks was
also determined for each animsl,

The originsl intention wrs to carry the animais tc the age
of first freshening bat as difficulties avnesrently arose re=-
gerding the breeding of the heifers, the triel he=d to be dis-
continued at the end of the twenty-second period,

At the beginnirg of the experiment the animals were sll re-
ceiving whole milk, hand fed, and had before them at 8ll times
alfalfa hay and salt, The self-feeder kept in their nen con-
tained the following concertrates,

Shelled Corn

Cracked Cornm

Vhole Osts

Ground Qats

Wheet Bran

Linseed 0il Xkenl O, P.

The calves were turned out d=zily for exercise and water snd
doring the first 27 days they were on pasture for 8 hours deily.
During the winter they were exercised and watered dsily in
the dry lot. ¥hen the pastare was ready in -»ring the heifers
were turned out, The three animels were on 8 pasture of 2,09

acres and for shelter they had an opern shec in which the self-

feeder was kept.



. The feeding of milk and slfslfa was discontinued during
the eilzhth period and from the beginning of the ninth period
to the end of the triel the znimals were continuously oxn pes-
ture bat hsd access to the self-feeder 2t all times ap to the
end of perlod XVIII, Periods XV to XX were in winter and
during that time glfalfa hey was agsin fed and silage wes also
allowed, In this winter period however, the heifers also ob-
tained some feed from the pasture, In the last two periods
pastare aslone was allowed,

Discussior of Fesults

The feed records were kent by 20-dey periods but in order
to study the earl; sctions of the cslves the record for the
first 30 days was kept in 10-day periods, In considering this
first period it is found that the calves took readily to the
whole corn and whole oats and consumed considerably less of the
ground feeds, They consumed & relatively liberzl amount of
wheat bran but only acout half ss much oil meal =s whole corm or
whole oats, Their consumption of grain was gre:ter daring the
first 10 days than was their consumption of alfslfa hay, bat duor-
inx the second 10-day period they decreszsed their grain consamp-
tion, Evidently therefore, they took relatively too much grzin
daring the Pfirst 10 days but immedistely proceeded to correct
it as their hsy consamption exceeded their grein consumption for

the 30-dsay period,



Peed Consuxption During Period I,

-183~

Table IIIX

Sub-reriod i il iii Totsl Average
per
Beifer
1bs, 1ibs, 1bs, lbs, 1lbs,
¥hole ilk 263 209 12 884 295
V'hole Corn 3.2 5.6 1.9 10.7 2.6
Cracked Corrn 0.0 0.9 0.9 1.8 0.6
Whole Oats 2.4 2.8 546 10,8 3e6
Ground Osts 1.2 0.5 52 4,9 1.6
Wheat Bran 4,0 1.9 1.4 Te3 2.4
011 Heal e 0.0 1.4 4,6 1.5
Alfslfs Hsy 4,8 15.8 27,3 47,9 16,0
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The milk feedins wes &t rno time hesvy, the animals being
' fed linited amounts twice dcily, as it was feld best to allow
the ezlves to choose their own feeds as much as possible, The
fact that the calves did not lack for feed ernd develoned well

? even on limited amounts of milk is shown by the live weight

? gains,
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Table IV,
Individogsl Milk Consunmvtion,
Cel? 230,. 487 491 493 Total Aversge
whole] Skim | Wwhole | Sgim ¥hole | Skim| Whole Skimf WRole Sxim
Period Mlk | M1k Milk Milk Milk | Mi1k§ MIlk} M1k Mi1k) Milk
Fo. 1bs.| 1lbs, lbs, | 1bs, lbs, | 1bs. | 1bs.} 1lbs.j1bs.| 1lbs, ;
I 294 262 228 884 285
II 302 302 392 996 332
III | 315 212 138 256 161 | 783 1 299 {261 | 100
Iv 215 180 180 210 210 | 705 | 390 {235 | 120
v 15 180 180 210 210 {705 | 390 {235 | 180
vI 296 15 162 132 189 225 | 647 | 432 {216 | 144
VII 120 199 260 33 | 120 | 795 | 40 ; 265
VIII 90 90 180 60
Total (1957 304 |1298 950 1585 {1232 14840 2486 '*.613 829
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T In considering the totsl emomnts of feed consumed it is
found that crescked corn came first among the concentrutes snd was
followed closely by whole corn, while whole oats was consider:bly
‘behind, emounting to only esbout ome-third of the whole corn., The
amount of o0il meal consumed was only absut helf that of whole oats
while wheat brarn wass considersbly lower snd the yground oats con-
‘samed was but a very small esmount, Roughly, there was ore and
a half times as nmuch whole corn consumed as of all other concen-
trates combined, with the exception of cracked corn which was
;consumed in even lurger amounts than the whole corn,
| The total consuomptior of the various grsins is perhans not
.0f as greast intere t as the changes which take place in the re-
élative amounts of them consumed st various stazes in tre trisl,
:During the Pirst six -~eriods whern the smounts of whole milk fed
exceeded the skim milk therc wes s steady increzse in the amount
;of‘whole corn consomed while the crscked corn was consumed in in-
jsignificant smounts, The ssme holds true for both whole and groand
EOats, in fact the cslves eppesr to nave tried them at first snd
;then decreased their consumption of them, The wheat bran also
‘formed an insignificant part of the grsin ration daring this
‘time, thoagk the =aount of oil mesl used increased considerzbly
iwith the exception of a very severe drop in the fifth veriod,

In the seventh neriod the skim milk fed exceeded the whole
%milk ard in the eizghth period skim milk slone was used for & time,
%The consumntion of whole corn reached its pesk in the seventh

éperiod, probably owing to its use -for the replacements of the

i
1
i
M
£
H
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butterfat removed from the ration, but in the eizshth period it
,_drOpped. This drop in whole corn consumption was sccompanied
by 2n enormouas incresse in the amount of whole oats used, The
bran consumption incressed grestly during the severnth arnd

:eighth periods and thet of oil menl eslso went up, wnile the a-

‘mounts of cracked cornm and ground ozte consumed remained low,
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Table V.
Total Feed Consumption by Thiky-Day Periods,
Thols Skim, whole; Cracked whole |Groundyneat Pil |Z17a172 Corn Salt
Period! Hilk} i1k | Corn | Corn Ozts {Cats |[Bran Eeal Hay Silsge

lio. l1bs, { 1bs. |} 1bs, {1bs, 1bs. {lbs. {ibs. bs.{lbs, 1bs, 1bs,

I 884 11 2 11 5 7 5} 48 «J1

1I 996 24 6 44 | 15 1 21 133 23

III 783 299 208 2 0 25 0 271 122 «24

Iv 705 3901} 308 0 6 13 0 39} 153 .09

v 705 390} 466 0 9 111 2 71 129 <06

VI 647 433§ 577 5 1l 6 2 961 144 ol9

VII 120 78951 651 8 1 7 43 111} 149 «0D

VIII 180t 538 6 180 7 52 {118} 157 «60

IX 490 227 16 0 4 0 1.44

X 511 438 26 18 m 46 1,05

XI 243 612 0 0 & 17 1,04

ZI1 508 | 229 23 9 79 51 1.03

IIII 448 685 51 24 15 80 1,04

XIV 252 732 188 0 73 59 1.05

Xv 31 83 172 3E 0 91! 242 | 674 .84

XVI 44 927 480 22 14 311 165§ 106 .70

XVII 1 913 3989 0 0 21: 199 192 <65
& XVIII 412 584 235 0 16 13} 254 | 219 .72 !
y IIX 537 | 892 «83 .
XX 142 {14254 1,20 ¢

XXI1 1,16

XTI i 1.01
#Total 4840 2487 {5822 16411 11842 197 418 874 {2574 | 3508 115,58 !
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. The helfers were turned to pzsture at the beginning of {hne
ninth pcriod and from there to the end of the foarteenth veriod
tney were under sammer conditions and receivinzg no milk, Through-
oat this {¥ime the consmmption of whole corn decreased and thet of
cracikzed corn increased, The consumption of oats in any form
was low until the last thirty-day veriod of this section when
the =mount of whole oats consumed was large, The counsumpiion of
bran was somewhat irregubrthough with a tendency to inecresse
when compared with the previous productior, The o0il mesl con-
samption dropwed to zero during the first thirty dsys on pas-
tare and during summer was never high,

Daring the fifteenth to eighteenth neriods corn silage aﬁd
elfalfe hay were given &t free will and durin: this time the
whole cornm consumption decressed and thet of cracked corn in-
creased until the last thirty days when there was & radical
ehange in the opposite directior, The consumption of wholé o&tls
incressed wit: the exception of the last period, Ground osts
and bran were consumed in but small smounts and the consumption
of o0il meel though increased in the first $hirty days dcellnced
towards the end,

From the time the calves were put on the trial untvil they
went to pasture; 210 dsys later, they had free access to slfsal-
fa hay and the consuomption of this incressed fairly readily,
During the following summer they had no roaghage but pssture
bat &t the approach of winter they were givern corn silzge and

alfalfa hay, These roughsges were fed for six months and daring
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the fi:st four zrein wes 81s0 being given, Daring the first
period of feedir.: the silage was consamed in f-ir amoants but
for the next threc 1ittle of it was consumed &s it freguently
froze befor. the heifers would consuue it, The consumption
of hoy remained frirly constunt, For the two periods after
the zrain was removed the silzge consumption increased grestly
and there was an increase in hay consumption for one month but
in the last month it was inhebited probzbly by the grezter
silage consumotion =nd the freshening of the pasture, In the
last two months of the trial the anima’ 8 received pssture only,
The salt counsumption ineressed irregalerly from the start
of the triel until the calves were weaned znd puat to pasture.'
At this stage tiherc wss 2 grect ineresse in sclt consumption
anéd this was falrly well meintained until the introdaction of
glfalfe and silage st the be:inning of winter when the sglt
consumption sgain fell and remzired low until after the gréin
hzd been removed #nd the heifers were besinning to get fresh

pasture sgain, At this time it sgain rose ané remained so un-

til the trisl erded,
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Table VI

Consumption of Whole arnd Sround Grains

ol

ismount of Whole

Period Whole Grain . |  Ground Grain Grain per Poand
o, Corn | Ozts | fotel| Corm | Oats | Total Ppf Ground Grain
1be, 1lbs, | 1bs, 1bs. lbs, 1bs,. 1lbs,.
I 11 11 22 2 5 7 3¢l
I 24 44 68 6 15 21 Se2
III 208 0 208 2 25 27 9,6
Iv 308 6 |314 0 123 13 24,2
v 4566 9 475 0 11 11 43,2
VI 577 1 578 5 6 11 52,5
VIl 651 1 {652 8 7 15 43,5
. VIII 538 180 {718 6 7 13 55,2
: IX 490 16 1506 327 0 327 1.5
X 511 26 {537 438 19 457 1,2
XI 343 0 |343 612 0 612 b
o XII 508 23 {531 329 9 338 1.2
P XITX 448 51 1499 685 24 709 o7
. XIV 252 188 1440 732 0 32 b
! XV 31 172 {203 835 33 868 2
. XVI 44 480 524 927 23 950 N
| XVII 1 399 400 913 0 913 3
- XVIII 412 235 1647 584 0 584 1.1
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In comparing the amounts of whole cornand oats consumed with
the amount of the groand grains atilized, it is foand that from'
the beginning of the trial until the end of the eighth periogd,
when the calves were weaned znd put to pasture, that the amount

of whole grain incressed from 3.1 pounds per pound of groand grain

~consumed in the first period to 55,2 poands per poaund of ground

- of ground grain in the eighth period., During this time there-

fore the preference of the celves was for whole grains, ZFrom
then on however, wnether the calves were on pasture or on slfelfs
end corn silage, there was no such marked preference for the
whole grains, Sometimes they consumed more whole than ground
graing and at other times considerably less,

Taking the two main groanpings it is found that while the

~calves were receiving milk, grain znd hay, they consamed 25,7

E pounds of whole corn and oetes for esch pound of the ground grains,
é while the ratio was only .7 pound of the whole greins per pound

g of ground gr=ins when the heifers were getting grein and were on

% pasture or being fed silage and alfalfa., At no time however, were
; ground oats consumed in apprecisble amounts and it was only to-

é ward the end that whole oats were eaten in considersble quantities,
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Table VII

Aversge Live Weights and Body uessurements

Live Eeight Depth width

Time Weights
1bs,. in, in, in,

Birth 68

Stert of Trisl 80 28,1 11,3 6.2
End of Period I 113 29,6 12,5 7.4
II 155 31,6 14,0 8.2
III 220 #,3 15,6 9.3
Iv 278 35,9 16,4 10,5
Vv 321 37.8 17.6 11,3
VI 398 39.4 18,7 12,1
VII 469 £1,0 12,9 13,3
VIII 515 42,1 20,7 13.7
IX 568 42,9 21,5 . 14,4
X 622 43,7 22,2 15,2
XI 677 44 .5 2246 15,6
XII 733 45,2 23,0 16,0
XIII 7187 46,0 23,8 16.4
XIV 842 46,8 24,2 17,2
XV 854 47,6 24,6 17,6
XVI 905 48,0 25,4 17.9
XVII 954 48,4 20,7 18,3
XVIII 984 48,8 25,7 18,7
XIX 973 49,1 25,7 19,1
X 990 49,5 26,1 19.1
XXI 991 49,5 26,1 19.1
XXII 972 49,5 26.5 1.1
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The average live weights of the heifers from the time of
ibirth to the finish of the triel are ziven and the body mesasure-
?ments from the beginning of the trial, The calves nsed in this
gwork were practicslly one month of sge when the work was started
~and in order to et an lides 0o? their relstive rates of growtn,
;they are com-ared vith calves fed urder rormal conditions, This
icomparison ic made on the -ercertagze incre::e in live weight
éfrom birth end body messuremerts from ore month of age, This
%metth was used in Paper III of this series and the aversges for
%the normelly fed snimals used in the work reported in that paver

§are used as & basis of comozrison for the enimels discussed here,

i
i
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Teble UII

Percentazge Increase In Live Weight and Body Messurements,

Eeifers fed Normslly ____Heifers on Self-Feeder
Live [Height] Depth |widih Live ’ deight widtn
Age Weight weight |
Months{ & b4 % % % %
6 309 54 57 67 an12 35 ; 82
12 731 54 92 118 836 58 155
H
18 988 64 112 146 1305 72 195
23 |11 68 |122 164 1622 76 | 208
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Tre calves ased iIn the self-feeder trisl were slightly te-
low normal in live weight and body measuremernts at the start
but they gsined rapidly and at the erd of the trenty-secord
period of the trial, when the self-fed heifers were twenty-
three months of age they showed greater develonment in weight
and 3ll tody measurements except width that the normelly fed
heifers did at the sse of freshening, nemely, twenty-nine
mopths, Their growth in welght and body measarements at the
first of the trial zreatly exceeded that for the normally fed

heifers,
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Relstive Increase in Growth of Self-fed Heifers as Comparcd with

Bormelly Grown Helfers

Age Live Height Depth wWidth
Months Feizht
% A % %
6 101 103 98 122
12 123 107 109 131
18 131 113 113 134
23 120 112 111 127
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Por further comparison the relative increeses in live
weight and body measurements of the self-fed heifers sre
compared with the ssme increzsses for the normally fed ani-
mals by six months neriods., In other words, the aversge per-
cerntage increase in live weight of the self-fed heifers d§}¢
ing their first six months is expressd as a percenﬁgge of
the average percentagze live weight increase duaring fﬁeir first
period of six months for the normally fed =z=nimals,

On examining the duta by this method it is found that on
the whole the self-fed helfers Incressed relatively more
rapidly in live weight than they did in body measarements,
This indicates in the best possible way the tenderney for the
self~fed heifers to lay on fat and ze’ in higher condition
than the normally fed animsls.

When the body measurementis alone are considered it is
found that the gzre=test relative increszse is in the width st
the hooks and of the three messurements teken, this is the
one most easily sffected by condition, The height at withers
and the depth of chest do rot seem to be affected to such &
great degree, All the body measurements were sbove normsl,
due to some extent to extrs fleshing at the hooks, over the
withers, and on the floor of the chest, but slso undoubtedly
to some extent due to increased gkeletsl growth,

It shonld be noted that from eighteen to twenty-three
months of age there was s fallin. off in the relative in-

cresses in the live weights and body measurements of the self-
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fed heifers, This wae dune to the fact that dauring the
letter part of this neriod the heifers were on pasture
only and lost in live weight and the outward evidences

of condition,



Teble X
Average Feed Cost of Growing Heifers

Peed Cost by Cumnletive Feed Cost per |{Cumulative PFeed

6-lonth Perioésireed Cost Pound of Gain Cost per Ponnd
k j by 6-Xonth of Gain
] ige Kormal | self-} Nor- |Self- Periods
| fonths Fed mal |{fed Hormal; Self- |{dNormal isSell-red
) Ted

¢ $ 1 & |3 ¢ 4 ¢ ¢
0 - 6 |35.57 p5,81 |35.57 {35.81 | 14.4 14,1 | 14.4 | 14,1

! 6 -12 |20,18 B1,78 {55.75 {57.59 8.3 6,1 | 11,4 9.5
| 12 -18 [17.76 po.9z {v3.51 |78.50 | 10.3 7.6 | 1l.1 8.9
{ 18 -24 {16,27 b 89,78 jommee | 9.4 | === | 10,7 | =---

§ 18 —25 |-- —= |8.72 - -- {87,253 - - | 48.4 - - 9.6

i
L]




The feed cost of growing the self-feeders has been deter-

é mined with the ssme feed co:ts as were used in Paper IV of this
series in determining the cost of growing heifers for nornslly,
i The costs of growing the normsl heifers to 24 months of age are
; given as they were originally calculsted on thet basis while

; the feed cost for the self-fed heifers is given to 23 months -

i the sge 0f the heifers when the trigl finished,

The feed costs of growing the normal snd self-fed heifers
do rot vary ss widely as mizht be expected, up to 18 months of
ege, but ¥rom there to the sze o0f 23 or 24 months there is a
difference which needs explanation, In the first six months of
life the cslves, as would be expected, show practically the
seme individual feed costs, but in the two succeeding six months
. periods, the self-fed heifers ate relatively moie grain per
; head and so st eighteer months of age the total feed costv of
| growin: the normal heifers was §73,51 and that for the self-fed
% heifers was $78.,51 or $5 per hezd more, Up to this time the
cost per pound of grein for the self-fed group was below normal,
that for the normally fed heifers bveinz 11,1 cexrts per pound and
that for the self-fed animsls 8,9 cents per pound, In Peper
IV of this series tne heifers were divided into winter and
sammer groups, according to the time =t which they were dropped,
As the self-fed heifers were in the winte: group it is well to
state that the normel cost ver pound of live weight gein uap to

18 months of age was 11,4 cernts for the winter group.



From 18 to 24 months of sge the feed cost for normslly
fed heifers was §16.26 while the feed cost for the self-fed
peifers was 88,72, This marked difference in favor of the
- self-fed animels is due in great part 4o the faet that in
. the later p=rt of this stage the self-fed animals were on
; pasture alone, while the other animals had been receiving
; grain, The normelly fed winter heifers dauring the period
of from 18 to 24 months of sge had an average feed cost of
£15,16,

Prom the age of 18 to 23 months the self-fed heifers
showed little live weight gain, in faset at 22 monfhs of
' age they weighed less than they did at 19 months of sge,
; This is due to the fact that when grain was taken awey
; frcom them completely and they were left to subsist on young
é grass slone, & considersble amonnt of shrink occurred and
i this had not been comnletely overcome st the end of the triel,
é Conseque:tly, the feed cost per pound of gsin during the last
é five months is exceptionally high, On the aversge the feed
. cost per pound of live welght gain from birth was 9,6 cents
in the cave of the self-fed heifers at 25 months of age and
10,7 per pound in the cgsse of the normally grown heifers at
24 months of sge,

There is spparently some difference in the feed cost per

hundred pounds of live weight gein between heifers fed in the



?ordinary method and those self-fed, This is true when they
; reach the sge of zbout two years and the celf-feeder would
gappear t0 hsve other =zdéventaoges as the enimels raised by

2 this method nced less attention when thiy have passed weean- i
Eing age and grow hesvier and larger,

_ In conmnection with the work with the heifers raised

éwith the self-feeder = record wes kept of the breedins of

% the animels.and as wes noted earlier the trisl wes dis-

\ continmed owing to eprarert difficulty in getting them bred,
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Pable XI
Breeding of Beifers

Heifer; Date Date of . calf . Age

: of : Successfol : Freshk : : at
Jo, :Breeding : Breedlng : : Sex : Weight:Freshering

) . lbs, Hdonvhs
487 :12/10/20 : : : : :

:1/2/21 : 1/2/21 : 9/egfe1l: Rz 41 : 25
491 : 1/2/21 - : : : :

: 1/23/21 : : : :

: 3/3/21 . 3B/3/21 :12/9/21 - M . 75 i 27
493 : 2/26/21 : : : : :

: 4/5/21 : : : :

: 7/8/2 : : : : .

: 8/1/21  : 8/1/=1 § mmmme= ;= : == : 33
Aver- : 3 ' ' . 28
gge ¢ : : : : :




The helfers, Nos, 487 and 491, were settled during the
triel but owins to thelr condition it was = difficalt matter
to tell, in the early stages, whether or mot they were pre-
gnsnt, Later on, on examinstion, per rectaum, they proved
to be in calf, Phey freskened st ages which are normel for
the breeds to which they belong, The heifer Yo, 487 was a
Jersey, freshening at 25 months of age, =nd Lo, 491, an
Ayrshire, freshening at 27 monthe, Throuaghoat the triasl the
Jersey heifer was in relatively lower condition than the
Ayrshire. The Eolstein heifer, No, 493, was in the highest
condition throu_snont the fHrisl, As yet she has not freshened
but on exsmination, ner rectaum, has shown that she is goirg
to freshen to the breedin: of Aagust 7, 1921, This means
that she will fresher st Z2 months of age - & rather advanced
age for = heifer of her developuent,

The animals were of difierent breeds and this indaces
a factor beyond control, but there shounld not be much differ-
ence in the freshening ages of Ayrshires and Holsteins and it
can readily be seen that there was much more diffieculty in
getting the Holstein settled and this is very probably due to
the exceedirgdy hizh condition she was in, She was only bdbred
successfully after she had been on pasture alone for some time

and lost in condition, -
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Summary
From this trial with a self-feeder in the raising of

deiry heifas it is probsbly that the following suggestions
may be made:

1, There is 1ittle difference in the feed cost of rais-
ing heifers to two years of sge by the self-feeder method or
by hsnd feeding where & liberal grain allowance is given,

2. The feed cost per poand of zain is lower with the
self-fed heifers,

3o The heifers raised with a self-feeder will show the
grester increases in live weights, height at withers, depth
of chest and width,

4, The greatest relative incresse will be in the live
weight and though the skeletsl measurements mentioned do show
a trae increase, this is farther aagmented by extra fleshing,

5., With self-fed heifers the extra conditioning may
tend to delsy bréeding, or perhaps impsir their breeding
powers,

6. Ground osts and wheat bran zre not palatable to heifers,

7. When the heifers are on 8 milk ration, whole corn is
the grain consumed in grest.st quantities; eracked corn and

whole oats being nsed bau® little,

8., 4aAfter weaning, ard when nnder summer conditions, the
consumption of cracked corn increased while that of whole corn

decressed,

9, When the heifers were under winter conditions, after
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they were a year old, cracked corn and whole osts were appare-
ently fhe most valatable grains,

‘-10. Linseed oil meel vas evidently a pelatsbie sapple-
meﬁt though the yuasntities of it consumed veried Trom time to
;time.

11, Salt was consumed regularly, The lergest smounts were

aged when pasture was evailsble,
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STUDIES IF THE GROWTH AND NUTRITION OF DAIRY C.LVES

IX, THE ADDITION OF TO.IATOES TO A MILK EATION
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Stadies in the Growth snd HNatrition of Dsiry Calves

IX, The Addition of Toamtoes to 8 Milk Ration

In an effort to determine gome of the fandementsl p*ineij
ples anderlying nutrition in generpl and c¢zlf feeding in .
. particulsr, a number of investigations]ave beern under wagy for E
Pive years, In pepers V and Vi of this series, attention was
given to the bulk saupplied to young cslves, thongh subsidiary
; problems £lso occurred, This naper simply includes farther
. work on the influence oI bulk oﬁ the valve of the ration for
é a young growing c:1f, thooash st times other brznches of the
% work have to be brought im, :

T 1 .
Resurme of Previous wFork

All of the work dealingﬂdirectly with the provision of
balk in the ration of the cslf has been reviewed in the two
7 previous reports, butl attention msy be drawn here to recent
work which is apnlicsable %o épme extent to this probiem,

In papers V and VI offthis series it was found that milk
glone was not a good ration.fpi czlves bat & ra ion of milk and
grsin was even poorer as’thé grains added 80 much more magnes-
igm to the rstion that tne colcium used in the removal of the
mgznesiam hed actuslly to be withdrawn from the body stores,
The introduaction of alfalfs hay to the ration caused rapid im-

provenment in the lime-naznesia ratio and sc lead to = positive



calciam belance, The bulk of the slfaslfa hay was also of
gre:t velue in bringing the digestion of the czlves to normel
as bulky feeds zre necessery for the distension of the rumen
end other psrts of the digecstive trset,

Since the compilation of the work by Eddy (1) on the dis-
tribation of the vitamines, it is e:sier to determine what
influence the vitamines .8y have on the work reported in pspers

V and VI,



Tsble I

Distribution of Vitamines, from Zddy (1)

Source ‘ Fat-Soluble water-Soluble vater-sSoluble
A B c
| Hilk XXX XXX XX
A1f=1fe XXX XXX ?
Corn, Wnite . b4 XXX ?
Corn, yellow 0 XXX ?
Oats x XXX 0
Bran 0 X 0
0il Mesl X X XXX
Tonatoes, cznned X X

x X x indicstes ebundance, x x relatively lerge amounts, x present

in sm=ll amounts, O absent,
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Prom this it is avparent that the milk was supplying as
much Fat-Soluble A and Water-Soluble 3 ard considersbly more
vater-Soluble C than any of the zrsins used or thun the slfzlfs,
Consezuently the recovery of the calves when fed alfalfa hay
ean not be looked on as due to sny sdditionsl smounts of Water-
Soluble C provided, This means that only the cslcium content
of the alfalfa hay >r its bulky nature could hsave been of value
in improving the ration of the calves,

On feeding grein and ost strzw to goats for three months,

Steenboek, and Hart (3) found that the calcium balance remained

| negative, Then there were iudicsiions of anproaching collspse

on the part of the animals, sach as lack of snpetite and loss
of interest in theix sarroandings., Fresh grsss was then fed
to the animels and they recovered,

Later Hart, Steenbock and Hoppert (2) continued this work,
using dry and milking goats, When Iresh srecn oats were fed the
calciom bulance was positive but on feeding ozt strsw, the cal-
cium balance wes negative., When the fresh green osts were dried
in s well lighted and well ventilated attic but out of direct
sunlight, they still retained some of the properties which aided
in ce2lcium essimilation, It wss zlso found thet alfslfs hay
kept up the calcium bslance, Orange juice and cabbege had not
this power so it can not be the antiscorbaotic vitamine thst
aided ocalciar assimilatvion, but rather an antirichitic vitzmine

is also found in cod-liver oil,



Experimental Work

In the trisl reportcd here itwo cslves were used and al=-
thongh they were torn some time apart, the records have been
Eept for each by thirty-day periods, Informstion conecerning
these animals is given in Table II, C=21f Ho, 544 was twinned
with a ball and was therefore presumed to be & free-martin,
oot & discussion of its sexual makeup will be tsken up later,

Calf No, 539 dled et 180 dsys of age, being on 2 ration of

 milk alone, while Ko, 544 was killed after the commletion of

the fifteenth pcrici. During the trial it had been fed wmilk,

g milk and canned tomatoes, and milk and =ifslfs hey,

. e e A T
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Tgble II
Animsls Used
. Calf o, 529 544
- Breed Grade Jersey Holstein
Sex Male Free-martin
EDate of Birth 11/3/20 12/26/20
4 55 65

. Birth weight, 1lbs,




The feed consumption for each calf is presented by thirty-

-day veriods, Calf Ho, 539 was fed milk slone and died at 180

8ays of age, Celf Mo, 544 was fed milk slone urtil the end of

i
+

)

i

Tsarma

neriod VII when his appetite had decreased., 4An allowance of
1 pound, 3 oances of canned tomastoes was then givem for five
periods but as this did not produce the desired improvemexnt,

81falfa hasy was fed at free-will until the tri:zl was closed,



Teble IIIX
Feed Consumption by Thirty-day Periods

Calf Eg. 544 539
Jhole Canned Alfalfa Whole
Milk Tomstoes Rey Mlk
Period 1bs, 1los, 1bs, 1bs.
lio, :
I 360 221
II 420 323
I1I 467 409
Iv 624 495
v 765 645
VI 1181 675
ViI 1125
VIII 1126 36
IX 1125 6
X 13056 36
X1 1310 36
XII 1350 36
XIII 1500 280
X1y 1500 206
v 1500 285




The live weig:its of the experimentsl calves were cbtained
at birth and at the end of each thirty-dey period, by weigh-
ing on three consecutive days, The body messurcments, height
at withers, depth o chest, and width at hooks were obtained

at the end of each period,



Table 1V

Live Weight and Body Measurements

Age
Daye

Birth

60

90
120
160
180
210
240
270
300
330
360
390
420
450

Average for 40 Heifers Calf No, 644 Calf No, b39
Weight Height Depth | Width Welght Height | Depth &idth wkight Height [Depth ﬂid‘
1lbs, in, in, in, 1lvs, in, in, in, lba, in, in, i
67 656 5b
90 28,7 11,4 6,7 99 32,7 14.8 7.8 72 31,6 13,7 |8,
120 30,7 12,8 7.5 150 38,9 15,1 8,6 91 32,6 14.1 |8,
163 32,9 14,2 8,6 183 33,9 16,6 9.2 123 33.93 14,2 8,
211 34,8 16,4 9.4 251 34,56 16,0 9.4 166 36,3 16,3 |8,
262 36,4 16,7 1 10,2 301 36,9 17,2 10,3 237 36,2 16.1 }|9.!
314 38.4 7.9 (11,2 390 39,0 18,2 11.6 250 37 .0 16,5 |9.'
366 39.4 8.7 | 11.8 437 40,3 19,1 12,3
413 41,0 19.6 | 12,6 479 41,5 20,3 12,9
452 42,0 20,3 ] 13.2 481 43,0 21.3 3.3
486 42,7 20,9 | 13,6 537 46,9 21 .6 13,9
521 43,56 21.6]14.2 5H4 47 .6 21,7 14,0
587 44,3 21,9} 14,6 630 48 ,2 22,1 14.8
592 44,9 2,4 116,11 721 49.4 22 .7 1L,.4
628 46,6 22,81 16.4 750 50.0 24,3 16,0
669 46,9 25,21 16,7 796 50,8 25.7 16,0




Results Secareé

If the incresse in live weight and body measuremert de

- teken each third. month end expressed as purcentages of the

; first messurements teken, they can be compared with the aver-

- ages for a group of 40 heifers rsised normslly and reported in ;
% paper III of this series, In meking this comparison in Table

f V it will be found that cel? Xo. 539 shows s tendency through-

% oat to be below normel in both live weight and body measure-

? merts, On the other rand, cslf No, 544 8lways shows & higher

g rste of ineresuse in live weight than is found in the normsl

% groun, However, this calf cshows slow development in the body

% measurements until the slfalfa period is reached,



Percentage Increase in Live Weight and Body Measurements

Table.

v

Age
¥onths

12
16

Average for 40 Heifers Calf No, 544 Calf No, 539
Weight Height Depth Viidth Weight Helght Depth width Weight Hoeight Depth} ¢
343 16 2b 27 181 4 4 18 124 b 4
369 34 b7 ey 500 19 12 4% 364 14 21 P
576 46 78 97 640 31 44 74
731 54 02 118 B6Y 47 50 90
884 60 104 134 1123 66 74 108




It is well to study the reguirements of the cslves and
the supply of rnutrientssupplied to them as this gives an ides
of how far their retions meet their neceds for natrients, snd
other factors concerniﬁg the rations cen be considered lster,
The natrients reguired by snd sapplied to the calves have
been calculated from the work of Henry & Morrisonm (4), To
simplify matter however, the excess or deficit of nutrients
sapplied durini; esch thirty-day period hss beemn czlculsated for

each calf,



Teble IX

Percentsge of Nutrients in Addition to Regquirements Provided

te12 Fo. 544 539
Total Digestible Hutrients { Total Digestiblg Nutricats
Dry Tade Dry __%?ﬁe—’_—___-
Hatter Protein Totsl - Matter Protein Total
drerioa | 2 % 4 % % %
I -56 60 64 11 20 25
il -62 36 44 26 38 7
j III -68 13 17 23 31 38
I v -68 10 16 10 L/ 24
7 -69 4 11 -39 4 10
i VI -78 40 38 -48 -10 -5
| vII -68 36 10
?vzzr -85 32 2
: 4 -85 28 -2
I X -84 a7 3
Be -85 36 -2
Iz -86 29 -4
§ XIIT -22 130 54
; IIV -42 90 33
v -25 108 40




The czlf do, 539 slways had an'oversupply of patrients un-
til the end of the fourth period. Then the supply of total dry
matter dropned below n>rmil and the suopplies of digestible
natrients came down to near the actuzl requirements, In the next
period the deficit of dry matter was even grezter and the saupply
of digestible erude protein and digestible carbohydrste eguivalent
;was below that required by the calf, The zanimal wes given sll
the nilk it eould handle and yet could not obtain sufficient
, natrients from it end the esl? died at 180 dsys of sge,

In the case of the larger c¢slf No., 544, there was a deficit
in the dry matter sapply from the first pveriod, This deficit

i varied irregulerly but st the end of period VII, it was greatei
~than at the beginning of the trial. At the start of the trial

the ¢alf consamed enongh milkx to provide a large'excess of nutri-
ents, but this excess decressed irregulsrly sand recched a low point
; for total nairients during period VII, |

| At the beginning of period VIII cerned tomatoes were intro-

; duced into the retion and were fed with the milk for five periods,
bat doring this ti e the deficit ir dry matter consumed became
creater, The amount of dizestible protein consuned =lso decreacsed
 snd where there had previously been an excess of total digestible
natrients a deficit became anpsrent,

At the begin: ing of period XIII the feeding of csnned tomatoes
was stopped and alfslfe hsy was introduced into the ration., The

deficit in dry matter wes immedi=ztely largely reduced thouagh it had
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not entirely disappeared when the cz1f was slaughtered after 90
days on this retion, The suprly éf total digestible natrients
was also immedistely converted from & defielt into s surplas ana

the supply of protein wasdlso greatly angmented,

Behavior of the (alves

The ecsl? No., 544 did not show any veculisrities in adlion antil

" +the fifth period when it started %o chew the wooden walls ot the
;pen and in period VI it showed signs of irritebility or nervoasrness,
These peculiarities continued to some extent antil alfalfs wes
%introduced into the ration, In period VII, just before the feed-
'ing of tomato juice was started, the cslf was stiff in the joints
ernd had a stilted gait., About this time the X ck of middle in the
icalf also became apparent, The eyes alsc did noi appear normal;

' they were watery and dull, W%hen the tomato }Jce was introduced

the ¢alf picked up, walked better snd 1ts eyes appeared to be well,
bot within two months it wes back in the 0ld condition sxd the leg
~Joints became pauffy. This lssted until the introdmction of slfalfe
" hay to the ration when the cslf started to regain & normal appesar-
:ance and looked in zood sha-~e when the trisl ended,

In the csse of calf No. 539 somewhat similar conrditlomns pre-
veiled, It started chewing wood in the second period and by the
third period was extremely nervous even when touched, It continaed

in this condition antil its death at the end of Period VI,

Post -Mortem Exzminstion of Celf No, 544,
The cslf No, 544 wes killed at the end of the fifteenth period

and an autopsy was conducted by Dr. E. A, Benbrook of the Department
of Teterinary Patkology and Bacteriology, while Dr, H. S. Marphy of
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the Department of Veterinary inatomy examined the sexuzl orgzns of
the celf,

The animgl was in fair conditiorn and the sbdomern was feirly
well rounded yet #lzccid, The condition ot the skin was feir,
though thet in the region oxr the cheeks and jaws was dry, harsh,
?séély and pa>-:ly denaded of hair,
gThe Stomach

The rumen, reticulum and omasum sppesred t0 be normsal in size,
;whereas, the sbomesum was volaminoas for am sanimal of this esize,
:The contents of the stomsch compertmernts were gbouat normsl, bdut in
“the rumen there ~ere two hesir bslls, one abouat 4 inches in dismeter
with s brown smootn coat ama The otnher sbvout 1% inches in dismeter
end uncoated, The reticulum contcined no foreign bodies except a
smsll amount of sand and cinders, The mucosa of the sgbhomasam was

slightly catarrhsal,

‘The Intestine

. In both the large and sm3ll intestine the mucosa was somewhat
Ecaﬁarrhal.

The Glands

Phe liver was enlarged b; sbout one-third, was pale yellowish-
red in color, mottled and frisble, The gall bladder contained &
nomber of concretions and the mocosa wes slizhtly catsrrhal., The
"panecreas was slightly enlarged, The spleen was slight'y enlarged,
The mesenteric chain of lumph nodes were 211 somewhet enlarged and
the cortex in most cases was slizhtly reddened, In some petechial

hgemorrhagzes were noted, The remainder of the lymphatic sysen was
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apparently normal so far as could be noted in the examiration,
The kidneys were sligHhly enlarged and pale, One kidney contained
a retention cyst the size of a pea,

The thyroid glands were flsttened and irregularly lobulated,
Trhe gland tissue was pale red in color and apparently interspersed
~with strands of connective tissue, The cut surfsce was shiny and
‘rather sticky. The persthyroids were flsttened and sbout the size
of a peaz, The thymus zlend wss larze in 1ts extrs-thoracic positionm,
jextending ap to the larynx, and most of the gland lobules showed
petechiel heemorrhnages, Tne intrz-thoracic portion of the gland
‘wss small,

' The Skeletal Tissacs

The skeleten showed no noticeable changes, Cross sections of
the ribs gbove and near the sternum and of the left tibis appeared
to be normal,

. The Genitsl Qrgams

This animal as mentioned esrlier was twinned with a bull, bot
" from anstomical and histological exemingtion, Dr. H. S. Xurphy

of vhe Devartment of Veterinary Arstomy was of the belief that

the animal was poterntislly a bull though sexual development had
been arrested,

Post~-Mortem Exsminstion of Calif Ho. 539

This animal was examined shortly siter death by Dr, 3, 4.
Benbrook of the Department of Vete: nary Pathology and Baciteriology.

The Stomach

The ramen vas sbout the size of the other three comnartnments
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of the stomaech and it contasined & grey-brown opasque licaid, An
oval uncoasted hair bzall sbout £ inches long and 1 irch in diameter
was found in the rumen, The abomssal mucosa showed haemorrhsges,

The Intestine

The intestine showed n: changes of importance,

The Glands

The liver showed & cloudy swelling and & few subecapsular
hsemorrhages, while the gell blsdder contained a smell amount of
‘yellow cloudy bile., All of the lymprh noées were enlarged and con-
~gested and those of the viscerz snowed haemorrhages, Tne kidneys
:shawed cloudy s.ellings and were congested, The thymus giand wes
'1=rge and showed hsemorrheges throughount,

iThe Skeletal TPissues

Tre femar snd humerus showed s meripherally red marrow bat
~the osseous tissue was apparently morzel. The jrints of the legs
' were enlarzed,

. Cause of Death

The nltimate czuse o7 desth was haemorrhagic septicaemm which
had a zonod opnortunity for development owing to the lowered cordition
of the calf,

Discussior of Results

Prom the work preserted in this and the two earlier pages in
this series which deal with the probtlexz of restricted rations for
calves, it is svpar«nt thet milk is not suitsble gs the sole feed
for cslves when fed for any considersble time, From the amount

- 0f milk eonsumed by the c¢ulves on s ration oI milkx slome, it is



apparent that they were being suppliec with sufficient digestible
natrients for a time, but laster on in the triazls they could not
consume enough milk to provide 8ll the digestible nutrients they
regoired,

At a much earlier stzze in the trisls the dry matter provided
- by the milk rations fell below the requairements of the calves and
so 1t would anpear that the calves were not being supplied with
' enoagh dry matter, especially in the form of bulky constitaents,
It has been sometimes believed that milk was st times de-
| ficient in the vitemine Water-Soluble C, but from the bibliography
- presented and the results of the trial reported here on the
- addition of tomato juice to a8 milk ration, it becomes a~psrent
~ that the vitamines, Fet-Soluble A, Water-Solable B and Water-
Soluble C, were present in sufficient smonnts and did not canse
f the inefficieney of milk when aused as the sole ration,
The one point of importance-brought oat by the resalts re-
| ported here is that the addition of s roughage such as alfalisa
hay to 2 milk ration will bring the calves throuzh in good
shape even though they have gone off badly on a rstion of milk
alone, There may. be three fasctors which render such & roughsge
veloable in the ration,

It is to begin with bulky aend thas renders possible the
proper distention end development of the ramen and other portions
of the alimentary tract even st an early age, It has slready

been shown in a previoas paper in this series that the addition
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to a milk ration of grains relatively rich in magnesium and poor
in calciam will vrevent the proper deposition of csleciam in

the skeletal tissues, Alfalfs hsy is rich in ccleiom and so
aciés in maintaining the proper cslecium bzlance,

AS bhas been shown in the résumé of previous work certain
green plants, such as oats; contain an antirichitic vitamine
~whicL slds calcium assimilstion., By cerefal curing pert of this
vitamine is retained, The 8lfslfa hay used in this tissme was
:of the second cutting and was pat up rapidly without mach ex-
posiare to direct saniight, so there is a possibility that it
.containea some of this vitzmine and was thus of greater valne

to the calf,
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Prom the work reported here it would appear that
l. i1k can not be used ag the sole ration for czlves indefinitely,
Ze A lack of the vitamines, Pz=t-Soluble A, ¥Waver-Soluble B and
Water-Soluble C, is not s eznse of the inefficiency of milk,
- 3. A bulky rougzhage appears to be necessary for the caldf,
4, A roughage such a8 good pee-green slfalfa may also provide

f some of the antirichitic vit:mine gnd =dd to the lime of the csalf,
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STUDIES IV THE GROWTH AND NUTRITION OF DAIRY CALVES

X. SHELFP-FEEDING A GRAIN MIXTUEE TO YOUNG CAZVZS




Stadies in the Growth and Nutrition of Dairy Calves

X, Self-Feeding a Grein Mixture to Young Cslves,

The use of the self-feeder in the reising of dairy cslves
has alresdy becn discussed in Papers VII and VIII of this series,
80 it will not be necessary to g3 into the history of the work
here., In the two previouns papers & trisl of 60 days'! dure-~
tion with young calves wes reported snd =lso an zttempt to
raise heifers to produacing age with the aid of the self-feeder,
In each cnse the animels were given a choice of grsins and were
ellowed 8lfrlfs hay at free will while milk wes hand fed, |

Experimental W,rk

nmm———

In the trial repcrted here 4 young calves, averagihg 16
days in gg<, were used, Information concerning them is given
in Table I snd where necessary it is calcalated © the day on

which the trkl stsrted, nsmely, 6th of October, 1921,



Table I

Animels Used

'

Calf No,. 565 570 572 573
Breed Jersey Ayrshire Jersey Asrsnire
Birth Weight, 1bs.| 51 55 41 58
Age, Days 32 18 8 8
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The trial lasteé for six periods of 30 deys each, The
cazlves were started on whole milk, hand fed, esccording to
their spperent needs, end in the third period the sudbstitution
of skim milk started, thou:h it was not absolately completed
antil the last »eriod,

Good 21fsl® hay wes kpt before the calves at 81l times
and vhey were provided with a mixture of 5 narts cracked corm,
2 psrte ground ozts, 2 perts whesat bran and 1 part cld process
linseed cil mezl, by weight, in a self-feeder, Salt was pro-

vided at free will and the animels were watered twice dsily,
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Table I I.

Totel Feed Consumption for the Group

wnole Skim Alfalfa Grain
Period Milk Milz #ay Hixtare
1bs. 1bs. ibs, 1lbs,
I 1056 —— 27 39
II 12310 —-—— 107 147
I1I 1206 140 160 319
Iv 728 820 221 483
v 48 1770 162 623
VI - 1880 180 806
Total 4248 4610 857 2417
Average per
Calf 1062 1153 214 604
Dairy Average :
per Calf 5,2 6.4 1.2 3.4
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It will be noted that tie grain consumption is heavy,
being at aii times grester than the hay consumption, On the
aversge ezch csglf consamed 3,4 pounds of grein daily ané only
1.2 poands of alfslfe hay,

Phe live weignt of each animsl wac obteined st the end of
each 20-day rericd. The body measarements, heipzht at withers,
depth of chest axnd width &t hooks were also determined, The
animzls showed exzcellent growth, This is more readily resligzed
waen the rztes of grain sre compasred with those repcrted for
normelly fed helfers in Paper III of this series, The normally
fed heilers heve an asdvantage in z:e of 14 days in the comerison
with the self-fed cslves £nd yet at the end of the sixth 30-
day vperiod, when the tr¥l ended, the self-Tfed heffers cshowed in=-
creases of 491%, 37%, 56% and 774 in live weight, heigkt, depth
and width resnectively., The 'corresponding inereaces for the

heifers fed normally were 309%, 34%, 574, and 67%,



Table II I.

Average Live Weights =nd RBody Measurenments

Live Height Depth width
Time Feight

1bs, in. in, in,

Start of Trial I 59 25,6 10,9 6.0

End of Period I 97 27,9 12,0 6.9

I3 141 30.5 13.6 8.1

IIT 183 33.1 15,3 9.1

Iv 239 34,6 16,9 10.0

v 297 36.2 17.7 11.0

VI 346 38,3 18,7 12,2




The self-fed heifers showed good geins, but the cost c¢cf the
gains is a very important factor, Using the szme feed costs as
were used in the other papers of this series it is found that the
cost of feed for the normslly fed heifers up to six months of =ge
was $35,57, and for the self-fed heifers that had a choice of geirns
it was $35,81, while for the heifers in the work reported here,
where a grain njxture wes used the cost was $29,96 or s consider-
able reduction.

IL the cost per pound of live weight gain be considered it is
found +that it amoaunts to 14.4¢, 14.,1¢ and 10.4¢ per pound fcr the
various groaps in the orcer mentioned above., This would in-
dicate that calves csn be raised economicaly when self-fed a
mixture of grzins, This is duoe largely to the fact thet the a-
mount of hizh priced feeds sach ss 0il meal are limited and-

chesper greins, such as oats, form e larger pert of the ration,



Summary

Prom the work reported here it would a.pear that dsiry
calves can be fed economiezlly until six months of =zge witk
8 self-fed mixture of eracked corn, sroumd vats, wheat dbren
snd linseed oil menl, The vproporiions of the feeds in %the
nixtare est bte adpted To ralirg prices, Alfsif= hay can be
s2lf=fed and the milz harnd fed =ccording to the reguniremcnts

of the individual c:1lves,
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