
Give to AgEcon Search

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the 
globe due to the work of AgEcon Search.

Help ensure our sustainability.

AgEcon Search
http://ageconsearch.umn.edu

aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only. 
No other use, including posting to another Internet site, is permitted without permission from the copyright 
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.

No endorsement of AgEcon Search or its fundraising activities by the author(s) of the following work or their 
employer(s) is intended or implied.

https://shorturl.at/nIvhR
mailto:aesearch@umn.edu
http://ageconsearch.umn.edu/




:; ///p.8 111/12.5 


W 11~3.2 I 22
w . 

to.: Ii£ 

1:.1 

~ !~1.1 ::i.. :: 1.1

II 


1111,1.8 

,1111'1.25 1111,1.4 "I" 1.6 1111,1.25 '"" 1.4 ""11.6 

MICROCOPY RESOLUTION TEST CHART MICROCOPY RESOLUTION TEST CHART 
NATIOI':AL BUREAU OF STANDARDS.l963-A NATIONAL BUREAU OF STAI'/DARDS-l963-A 

http:1111,1.25
http:1111'1.25


CONTENTS 

Introduction___________________________ .__________ _ 

Sources of data and conditions affecting them__________ _ 
Growth standards for Holstein females by age-limit 

groups _______________________________________ _ 

From birth to 365 days of age __________________ _ 
From birth to 21 months of age ________________ _ 
From 12 to 35 months of age __________________ _ 
From 12 to 53 months of age __________________ _ 
From 30 to 71 months of age ___________________ _ 
From 30 to 89 months of age ___________________ _ 
From 48 to 107 months of agc __________________ _ 
For 124- ancl142-month age-limit groups_. _______ _ 
Information from aU age-limit groups. __________ _ 

Standard for assigning grades to the weights of' Holstein 
CO\VS _________ •• ________________________________ _ 

Variations in weight due to stages of pregnancy and 
lactation ___________________________________ _ 

Time trends in the avcrnge weight of Holstein females at 
Belts\-ille______________________________________ • 

Relationships belween em'ly and mature weights_______ _ 
Growth standards for bull C'ah-es ____________________ _ 
Summary________________________________________ _ 
Literature cited __________________________________ _ 

• 

Page 

1 
2 

4 
4 

10 
14 
17 
18 
19 
22 
24 

•26 

27 

31 

36 

40 

42 

48 

50 


• 

Fm' snle by the Superintcncient of DO(~lIments, U, S. Gl)vcrnment Printing Office 


Wushingl'on 2;:;, D. C, • Price 20 ,'cnts 

II 



/' 

• Beltsville Growth 

Standards for 

HOLSTEI~1 
By C. A. MATTHEWS and M. H. 	FOHRMAN, Dairy F/usbaar/r)' Research Branch, Agricul· 

tllral Research Sen'ice 

INTRODUCTION 

Konnal growth by dttiry cattle, m; meas\lred by wei.ght, depends 011 

• 
a. mixture of the effects of three kinds of conditi.ons, which may be 
expressed as (1) the inherent maximum capacity for growth, (2) the 
plane of nutrition and environment, ancl (3) the weight changes as­
sociated with recurring cycles of pregnancy and lactation. 

Included in maximum capacity for growth are the ~ffects of sex, 
breed, inheritance from nearby ancestors, breeding pattern, an.cl chance 
variation between individuals. It is generally agreed that maximum 
growth in weight represents a degree of f~! ~ness that is undesirable 
in dairy cattle and a dt'parture from a prditable feeding ,program. 
Consequently, good. accepted feeding practices produce a, standard 
rate of growth that is somewhat less than the maximum. 

'Vllen a given set of weights is used to establish a standard for meas­
uring norma.l growth, it must be assumed that each of the threE. kinds 
of conditions that may have affected the weights \yus normal. The 
usefulness of such a standard will depend on the degree of similarity, 
in respect to these conditions, between the standard and the groups 
of data, that are to be compared with the standard. The effect of dif­
ferences in a particular condition can bt' studied most effectively \vhen 
other conditions are nearl;v alike. For example, (he relative effects 
of outbreeding, linebret'ding, and inbreeding: on growth and size 111igb. 
be measured when the conditions of feecl1ng and environment and 
prerrnanc)' and lactation are nearly alike. 

• 
~lturany, a, growth standard is more suitable for use in the herd 

in 'wbich it was developed thlln in another herd. Its use in another 
herd will depend on ali accurate measure and description of the 
three kinds of conditions that affect weight and rate of growth, and 
on the degree of similarity between the hvo herds in respect to these 
conditions. ' 

Since 1918, when a breeding exppl'iment with Holstein cattle was 
begun at Beltsville, Md., the Dairy Husbandry Research Branch has 

1 Submittt'd fOI' IlnlJlil"atiol1 ~ray 14, 10;:;-4. 
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2 TECHNICAL B1JLLETIN 10!)!) 

collectecl un unusuully large volume of weight data on the herd as a 
part of the experimental wode ,Yei/Ihts aJ'e antilable on nearly all 
animals from birth to maturity and it is possible to tabulate wt'ights 
by stages of pregnancy and lactation. 

Because certaill cOllClitions have bt'(ln maintained rather constant 
frol11 the beginning. the B('lts"ill(' weight data are well adapted for 
lise as growth standards for Holsteins. For example, the hercl ]HIS 
been maintained for a study of th(' laws of inhpritam'(' i~Ol' milk and 
butterfat prodnetioll and, t]lE'rer01't', an attplllpt has bppn made to use 
good, practical lllE'thods of f('('cling aml llhtllagt'nH.'nt and to kt't'p 
them constant throughont all thE' yean; of the eXpet·iIllPIlt. This has 
been ac('ompliRhe<l \\'itll a hig-h dpg-1'et> of Sll('('PSR and makps it 
possible to cles(,l'ibe Ow condition" of ft't'lling amI P11yil'onlllt'llt i11­
\'olved. Also. no llt"" fl'malt's hnn' bpPll :1<1(lp(1 to the 1H'1'<1 E'xcepf' 
dt'Rct'ndants of the foundation ('0""". and 110 clIlling of female offspl'ing 
has bpen praeticed. " , 

This Ill'esPlltation of thr w(,igltt data from ITols(pin cows, h(>ii(>rs, 
and bull cal\'(>s in the Bdt"yillp h('}'(l is IJ:u'allpl to a Pt'PyiOllS :::tudy 
(,') 2 Oll the weights of .)PI':::(>\· cnUlpill tllp Bl'I!"yil1p ht't,<,1. Sen1'<ll 
new methods ":('t'(' llspd in 'pt'('sl'ttting \\'Pight data for Bplts\'ille 
.Jt'l'sevs ill Ol'(lt'l' to incl'pasp Ilwit' llSPj'ltiIH'SS' as st!,.t<!nt'ds of not'mal 
!!'t'owtb fot' all Jpl'SPY:::. TlIp :-:llln(' IllPtho<!" al'P llsed on the Holstc'ill 
'w(>ight data. A n101'p dl'tailp<l clp,,('t'iptioll of ROtUp of thesp lllethod" 
will be fOllud in ('ollllPl'lion with IlH' .Jpl'"pr "tatHltu'<!S. }[n 11 \' intpt'­
psting eOlllpal'isOIlS bptwt'l'1l Htp not'mal I'n(ps of gl·O\\'t1t fot· IIobtpin 
and ,]PI'SPy enUlp arc possiblp with wpig-hi dahL OIl ilH' hyo hI'PP(]:-: 
obtail'f.'d in the SHme hp1'(l and analyzer1 ill nIP :-::1111(, wny. 

SOURCES OF DATA AND CO~DITION'S AFFECTING THEM 

Thp phlll of tlIP brcpcling pxpp['itllPnt with Holslpin cattlp at Bplis­
,ilJe, }fd., and ttlP 11l'O('pcluJ'P!-' of /,ppdillg and lllanagenH;'nt. has bpen 
clestl'ibpd itt dptail e/spwhpJ'e by Fohrlltnll and GI'HYl'S (.f). Theil' 
rc;')lol'i also ineJlIdpd tht' ltypt'a!!(' weight" of tllP ('0"":-: and heifers 
in "the first uPIlPratioll. " 

Thp (]t'gl:('(' to ,,'l1i('11 ntp Brlt,,\'illp Hol"I('in" arp l'('lll'(,;,;plltatiy(> of 
Holst(>ins thl'oughont the' ('oulllr.\' is ill<iicaipd by tllP tlnnlPS of tht' 
eight prow(l sit,ps that '\'('I'P 1lt'!)lIg-ht in for ltSP ill thl' olttbl't'edi11g­
phast' of tIlt' PXP('t·iIllPllf. BpC:lllSP no ft'lllaJt>s nt/l('t' than dp~('etldatlts 
of thesp pl'Owd sin's Itavp h(,Ptl addp(l to tlIP hpnl sinel' flit> i>rgi.tlning 
of the t'xp('rinwlIt, tIl(> gl'pail'l' ptnt 0:1' the iillwl'itan('p in the herd 
trates to thesp l)1'o\'NI Hires. 

The pigh! Hil'Ps, ill the 01'(1p1' of their ltsC', We1'P DE'nton ('olantha 
Sir Hag Applp H7-kW. Varsity Dl'l'by }[ai':ldol' ~;HH(Jn, ]>1'i(lp 0:1' thE' 
Bess Blll'kps ~!).1:i7-1·, CUtlllt Pil'/)e II(>ngPtTeld Ormsby ,J·l·,~;~:2,~, Chief 
}Jiebe Ol'l1l::by Bltrkl' -~·J.l!)HH, Killg Ot'm"by of lodak :i7(ja:i7, Doug-las 
BlIttpl'ellp Hark OGO:i7ii, anti H()~t' Hi II Em PPl'Ol' GOVPrtlOl' 7,~;3HS:2. 
The fil'st:2 sil'ps had 1lI0t'(, than;W dnughiPl'H enell. The t'hird, fOllt'th, 
and sixth "iJ'(ls had bllt D, ii. :lnd a dHUg-htl't'S, l'Psppcti,'ply. The fifth, 
sennth, and ('igltth sil.'l's had 11101'P thnnli'i dallghters each. ITo\\'­

'ltnn(, Tllllll!iP(';; ill pnrPllllII'S(,:4 ""/:('(' to Lill'nltn('t' Cilp,l, [I. :;0. 

• 
' 

• 


• 
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ever, the c1tlUghtcl's of the t'igh th ~i I'C, and to ~Ollle ('xtcnt thc daughtcrs 


• 
of the seyenth sire, hn(l an inHnence all the aye rage weights for 
the younger groups only.. 

Weights were also ohtnmed on many daughters of sons of these 
sires th".f. ,yere bam anclrais('<l in t11(' I3'e>lts\'ille here1. Naturally, the 
sons of 'he earlier ontcross Bires had more off"prin,Q' represented in 
these weights than the sons of the later onteross sires, 

In 6 generations aJld :30 years time. the inheritance coming from 
the founclation cows has been eonsiclprably (lilnted, so the \\'eights 
of foundation cow" wcre not used in preparing the \Yei~ht staml.trcls 
reported in this bulletin. Xe>Yel'thelc"ss, abont fiG pel'cent 0f the in­
fluence from the fOlllHlatioll cows came in IH:'tl l'1y t'qnal I )1'opol'tions 
from the dtlll!!'h!!'l',; 01' grandllulIuhtN's of Sl1ch sires as Pi('be Laura 
Ollie Homest~:l(l Killg 110-1.7-1:. King Segis Pontia(' IIpl'o':-;~lO. Stnl' 
Farm Johanna Ln.(l-l:h:2~±, Johnn l,\ToodCl'est Lad 11th 1O:H1S7, and ill 
sma 11er proportiolls f\'Olll dang-htel''; of ,TollnllUH KOl'lltl)'lw De Ko1 
45517 and Hazelwood Korll{lvke Gpl'ben !lS()(i:l. 

Exeept for losses t'all~(>{l h~~ (lisease 01' ll('('i(lplIt, all H'lllah' lH'ogell,\' 
"e1'e raised and l'ptaillE'tl in the lll'nlulltil tllPY \\'PI'P no longpr useful 
in pl'odnein,!!: datn Ol' ()tf~pl'il1g for tht' bl'('l'{ling expt'l'illH'llt.' 

• 
CaIns wert' sl'pu\'ate<l from thpir dams :ohort Iy nIter birth and 

were fed ,,-holt, milk at the rate> of G to l!l pOllll!ls daily to -:I: wp(>ks 
of agp and tlll'll skim milk in qnnntilies lip to l~ pOllllds daily until 
they "'ere GmOllths 01(1. ~\.llill1als lacking yigor 01' that \H'l'l' 1'P((1)'(l('d 
by si(']GlPSS wel'(' uin'lI wholt, milk a little longpl'. ('a1\'('s and ll('ifp\,~ 
,\:ere uirt'll all th~' alfalfa OJ' mixcd hay tIWY 'YCHlld pat. Ch'ain feecl­
in,Q' ":<18 ill(,l'enst'tl g-j'aduHlly ulltil tilt" cah:l's \Wl'(, gPlt illg :3 Jlollll(l~ 
of grain daily at Ii 1lIonths of ll!!l' ol'la(PI'. Frolll tl!PIl on the allloullt 
feel was mailltailled at fhat le','el for most heifers to :2,\: months of 

• 

age. 
After the lwifel's '''P1'P a war old they \\'PI't' 1110\'('(1 froll! the calf 

barn to a lieHel' hal'll, and ~ilagp or pmZtl1l'p in spaSOII wn~ addNl to 
the ration. ...\.t tilllPS hay was fp(l ill pel1:; nll{l ~Olll(' of' tlit" It'ss aggl'es­
siye heif.ers may hal'P slltl'l'l'('(l frolll ('olllpt'titioll \\"ith oItler 01' lal'gPl' 
animals. TIlt' hl'ifPl's. allll tlwil' weight~. I\'('n' kt'pt lllldC'l' eOllstant 
observatiOl1 tUld IJIt'HSllI'l'S \\pre taken to 1'0lTP('( ('o\HlitiollS fol' lwifel's 
that appeal'rd to [11' l'ptan[p(l. 

ThE' greatE'::;t (lifJ'l'J't'IJ('P ill the' fe>P(ling amI JIIHlHlgl'IIH'llt of the ('om.; 
was betw('(>11 those 011 ollit-ial pmdllt'tion tpst alld thost' llot 011 tPSt. 
Cows: 011 test \\"P1'(' kept ill box stalls. ll1il1~pd thl'pe timps <1nil)', t'xPI'('is(,tl 
in a dry lot daily, :tJl(lllPYt'1' all()\wtl Oil PHstUl'l'. Thp)- \\'PI'(' PII{'Olll'­
aged to eat all tllP alfalfa hn.'" :11I<l ('!ll'n silngp tlwy would. Tht'n th(,.\' 
were :fed ('nollgh or H Li.,i-pPI'Ct'II(-pl'oieill ,gl'tlin mixtul'(' to Ill'illg thpil' 
net energy intake up to 10 1)('I'{'('llt ahow tlwil' I'P<{lIil'CIllPntS. 

COWSllot 011 ollicial tE'S! I\'('rp l1lilkE'tl t",ict' a day, h()u~etl in stanchion 
barns, and turned 011 pasture in season. .\.s a l'llie they were not ft'(l 
as liberally ns cows Oll il'St. alJ(1 o('cH:oionnll,\' they \"ere llsed in feeding 
eX!2,t'l'iments that r('stt1ted in some loss of weight. 

Ca.lves were weighed nt b.i1'1:1I awl pnry il) days thcl't.'aJtel' during 
their first ycar. ~n'ry :3(J dnys HIl an'l'Hgt' was ohtained from :1 
cOllsecutive daily wpighfs, (,Plltel'illg Oil tllP date '1'01' the nlil'd IO-day 
weighing. Aftcr they were a year old, all cows alld hci rCl'S were 
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weighed on 3 consecutive days at the beginning of each calendar month. 
All animals had access to ,Yater before they were weighed. Calves and 
cows on test were weighed after they were fed, but heifers and other 
CO,YS were weighed before they were fed. .• 

No body measurements were taken to accompany these weIghts, 
but detailed measurements that were made in connection with other 
studies are u.vailuble at some ages on nearly all of these cows and 
heifers. 

It was the plan to breed heifers to calve Tor the .first time at about 
:2 years at age, and to breed them thereafter for a cn.lying interval 
of 14: months fol1o,,-ing a lactation on test, anel for a calving interval of 
H months following otheL' lactations. Estimates of the extent to 
which this plan ,yas ~lccomp1ished will be given. 

In order to reduce the number of faetors c:lnsing variation between 
individuals, the weights of twins or inbred animals were not used in 
preparing these standards. Such a limitation makes it possible at 
some hter elate to make a direct comparison between the weights and 
rates of growth of inbred animals and those of outcross or linebrecl 
animals. 

~\. further limitation on the datll to be used was the requirement that 
the. average weights for all ages, in the period of months or .veal'S for 
which the mte of p:l'owth was studied, he baspd on the weights from 
the snme animals. Thus, the challge in an~rage weight fl'om one age 
to the next was the actual :l\"erage gain or loss in ,,"eight, and it was 
110t affected b.v dropping the ,\'eights of light or heavy individuals • 
from the set of data between one ao:e llnd the next. 

Since there were fewer animals to be ,n~ighed at oWer ages than 
at younger ages, the adoption of this requirement made it necessary 
to divide the (bUt into it number of groups based on the length of time 
the anim:t1s remained in the herd. These groups lll.·e referred to as 
age-limit groups. 

It occasionally happened that some weights were not obtained. 
Such missing weights ,,-ere estimated in order to :tvoid the effect on 
the average weights of dropping or adding indi,-idua1s between one 
age and another. Usually, these estim:lted weights were an average 
of the weights before and aft-N' t1w omission. A few estimates that 
involved c[dving periods ,\'ere acljlll"tNl according to :l,-eruge change:-; 
at other caldng periods in the cow's life. 

GROWnI STANDARDS FOR 	HOLSTEIN FEMALES BY AGE-LIMIT 

GROUPS 


FROllI BIRTH TO 365 D"1'S OF 	ACE 

The firs!. age-limit group, which comprises the period from birth 
to 365 days of age, corresponds to the. period of the experiment whell 
calves were weighed at 10-day intervals. This produces a standard 
that may be useful in connection with experiments and observations • 
when calves are weighed at 10-day intel'\'als. The average actual . 
weights and variations in weight, and the estimated weights and daily 
gains in weight, for 400 Holstein heifer calves fire shown in table 1. 
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TABLE 1.-A.verage (wd estim(lted lceights and gaills, and 1:(l.ri(1ti01ls in weight, 
tor ·WO Holstein heilcl' caz,vcs llY lO-day pcrio(ls trom birth to 365 days ot age 

• Estimated standardsAverage Coem­5-perccnt fiducial StandardAge actual cient oflimits de..-iationweight \'"Iltiation Weight Daily gain 

DaV8 Pound, Pound, Pound, I Pound, POltnd. Pound.At birth_____________ •••
10______________________ 96 94.4- 96. 7 n.s I 12.3 93.6 

--------ii~5ii99 97.5- 99.9 12.1 i 12.3 99.5 
30__•___________________ • 106 104.8-107.4 13.4 I 12~ 7 107.7 .82 
40_______________________ 

20_._____________________ 

liS 116. 3-US. 9 13.3 11.3 liS. 1 1.03 
00_______________________ 130 128.8-131. 8 15.1 1 11.6 130.3 1.22 
60_______________________ 145 142.9-146.2 16.6 n.5 144.2 1.39 

160 158.1-161. S IS.5 11.5 159.5 1. 53 
70_____________________ •• 

177 174.8-178.7 I 19.7 11.1 Ji6.0 1.65 
90 _______________________ 
80.______________________ 

194 19l.fH96.0 22.0 11.4 193.6 1. 76 
212 209.6-214.3 23.9 11. 3 212.0 1. 84 

110______________________ 
100.__________________ • __ 

231 228. G-233. 1 26. I 11. 3 231. I 1. 91 
120______________________ 250 247.4-252.9 28.2 11.3 250.8 1.97 

2iO 267.5-273.4 30.0 11. I 270.9 2.01 
130._____________•_______ 

291 287.6-293. 9 32.0 II. 0 291.2 2.03 
312 308 3-314.8 33.4 10.7 311.7 2.05

140_______ •___________ • __ 
150_________ . ________ .. _. 333 329. 1-336. 0 35.2 10.6 332.2 2~O5 

liO___________________ • __ 
160__________________ • __ 

353 349.3-356.4 36.2 10.3 352.7 2.05 
180____________________ 374 369. 9-377. 4 3S.3 10.3 373.0 2.03 

394 389. 9-397. S 40.1 10.2 393.1 2.01 
190______________________ 
200__________________ .... 414 410.2-418.5 42.3 10.2 412.0 1. 9S 
210.._________________ . __ 433 429.2-437.7 43.3 10.0 432.3 1. 9.5 
220__ ._______________ .... 452 447.9-456.6 44.7 9.9 451. ·1 191 
230___________________•• _ 470 46.5.4-474.6 46.9 10.0 470.2 1.87 

488 483.1-1112.6 48.2 9.9 1.83240 _________ •_________ • __ 506 . 500. 9-510.7 49.6 9.8 1. 79~~:~ I
250_____ • ______________ .. 

52:l 517.3-527. S 53.0 10.1 523.8 1. 76
260____.. _..________ • ___ • 539 534.2-544.8 54.0 10.0 540.S 1.i1270______________ . ____ . ..,_ 556 5-50. 7-561. 4 54.6 9.8 1.67• 

1 

280__________.._..__ ..... 5.57.61.573 567. G-57S. 0 56.0 9.S 574.0 I f>4
290 ...___ .. __ ......______ 590 583. 8-595. 2 j 58. I 9 9 ,,90.1 1.61
300..___..____________ .. 59.0 9.7 BOli.1 1.59 

310•••• ______________ •_.. 
506 I r.oo. 6-612. 2\ 

623 617.1-629.0 9.7 fi21. 9 ~ 1.58 
639 632. 7-644. S i 61.4 9.6 f>37.7 1.58

320....__________________ 60.:1 I 
330..________________ •• __ I 

655 62.0. 9.5 1.59340.... __ • ____•_______ • __ f>49.3-661.5 !
f>71 654.2-676.9 n.ta 1 9.6 ~g~:~ i 1.61350__ .. ___ ••• ________ .. __ C,S7 1k~0. 8-liO;!. 5 f>4.7 9.4 1.f>4

360..... _______ .... __ .... ~rigJ Ii02 65.3 : 9.3 1. C,8Q96. G-~o..~. 9 I
365...................... 710 /04.0-d/.0 65.8 I 9.3 711.5/ 1.7:j 


The average actual weights of the -!OO eu]ves int'l'eas('d at a remark­
ably even rate from one lO-day period to the next. The highest gains 
in average weight were from 120 to 170 days of age, and the lowest 
gains were durin 0' the first 20 or 30 days. 

The 5-percent Rduciallimits for the average actual weights demon­
strate the relative unimportance of slight deviations fr0111 a growth 
standard or a table of avera!re weights. Also, the fiducial limits are 
used in this study as an approximate measure of how well the estimated 
weights from this age-limit group or the average weights from other 
groups coincided with these averu!re actual weights. It is not a stand­
ard statistical test of the difference between two means. Actually, the 
average weight from another sample of the same size and variance 
could be 40 percent farther frOI11 the meHn than one of these 5-percel1t . fiducial ]jmits and still not show a si~nificant difference by the t test.e The coefficients of val'iatioll ,,'ere nighest during the first 30 days 
after birth and then decreased gradually. Corresponding values for 
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Jersey calves in the Beltsville herd (7) ,,-ere higher than these during: 
the first 160 clays of age but were slightly lower after 2-10 days of age. 

The average of the coefficients of variation for the eleven 30-clay 
periods, when the weights wel"e averages of 3 consecutive daily ,veigh- • 
iJl(rs, was 10.43 percent as compared with 10.55 percent for the 22 pre­
ceding and following periods in which the calves were weighed on 1 
day only. The reduction in variation by using averages of 3 daily 
weio-hts Itppetl1'ec1 to be slight.. . , 

i'lle estImated or standard Weights III table 1 ,Y('l'e calcubted by fit­
ting a fourth-degree oI,thogonal polynominl to the average actual 
,yeights, as described by Snedecor (1f!). This procedure gives a, flexi­
ble curve with the properties of a regression 11ne and a possibility of 
testing the success of fitting terms of higher degree through the statis­
tical significance of reductions ill the ~l1l11S of squares for the cliffer­
ences between estimated and observed ndues. The F-value for t-he 
first-, secondo, third-, and foul'th-c1C'grre tp1'111S from this set of data 
were 14,171.3:),0.10, ]06.88, anel807.5I, respectively, shmying a highly 
significant reduction in the sums of sfjllnr!.'s 'for all tPl'l11S except the one 
l'eprpsenting a parabola. A..11 of the estimated weigh!":,; are within the 
f)-percent fiducial limits of the average actual weights. 

The estimated daily gains in ,,,eight ,yere calculated directly from 
the estimated "-eights. They show increases in the rnte of gain to 
auout 1:30 clays of age. Iror tl period of 60 days at thi::; time, these Hol­
stein heifers wpre 'gaining more than ~ ]lonnds a day. A similar 
amount of gain i::; also shown by cliHpl'PllC'Ps in tlw Hyerage weights. • 
The age for most mpicl gains in weight fol' .Jersey calves ShO'Y11 in a 
previolls report: (7) ('nme about 10 or Hi da.ys lat!.'!', The skim-milk 
feeeling period ended nt about 180 dnys 0'[ age, SinC'e the period of 
increasingly lnrger claily gains ill weight ended at about 150 days of 
age and no abrupt dee1ine in the daily gains in average actual weIghts 
Cllme after ISO days of age, it does not seem likely thafmiJk feeding had 
much to do ,yith this trend in average daily gains ill weight. 

A system of applyino- gmc1es to the weights of individual heifer 
calves was designed i'01' the purpose of being able to determine the rela­
tive importnnce of the difference between the weight of individua.l 
cal Ves and the standard or estimated weight. For this purpmle the 
stanclarcl deviation was accepted as a measure of normal variation in 
heifer weio-hts, in the same manner that the mean Or ~lverage was used 
tlS a nOl'11HJ 01' standard 'n~ight. Thel'e ,'-IiS eonsiderable advantage in 
using smooth ('urves for iuC'reases in weight with age and for changes 
in the standard deviation with age. The ('stimated weights in table 1 
Turn ished a smooth C'Ul'Ve TO]' weight and the fit ti ng {rr a fourth-degree 
(lrtho~ol1l'll polynomiai to the series of standard deviations produced [L 

smooth curve for stanclal'Cl deviation. The faciol's adapted from a 
table by Fishel' (4·) WPl'l' Ilsed with the l'stimatec1 standard deviations 
in a way thnt would divide a normally d istriblltec1 army of data into 
10 classes, with an equalnlll1lber of items in each class. 

At each age ~he estimated weight minus the estimated standard de­
viation multIplied by 1.281515,0.8-1162,0.52-1-40, or 0.25335 produced the. 
botmc1ary weights between grades 1 ancl2, 2 and 3, 3 lmd 4, and 4 and 
5, respective.!y. The estimated w(,ight becflme the bonndary between 
grades 5 and 6, and the addition of the Same products in reverse order 
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7 BELTSVILLE GROWTH S'l'ANDARDS FOR HOLSTEIN CATTLE 

pi'oduced the boundary weights between grades 6 and 7, '( and 8, 8 and 
9, and 9 and 10, respectively. There is no lower boundary to grade 1, 

• 


• 


• 


nor upper boundary to grade 10. The boundary weights for grades on 
the weights of Holstein heifers to 365 days of age are shown in table 2. 

The first line for welghts at birth in table 2 is based on the average 
birth weight and the standard deviation instead of the v!Llnes obt!Lined 
from the curve-fitting procedures. This fUl"llishec1 !L stanchu'd fo), 
grading birth ,Yeights that is independent of older weiO"hts. All 
boundary weights carry decimal fractions in order to avoid60rderline 
cases among individual weights wIlen using this table. 

To use the boundary weights in table 2, simply locatp, on the Hne for 
the heifer's age, the bOllndary weights between which her weight oc­
curs and then give her weight tIle grade shown at the top of the spae(' 
between these two columns. F01;' example, a Holstein heifer calf 
weighing 265 pounds at 100 days of age would be given the grade of 
10, ,yhich would indicate that she was in It class heavier than 90 percent 
of the Beltsville Holstein heifers at that age. Another heifer weigll­
ing 640 pounds at 330 clays of age would be graded 5. Although her 
weight was 13.6 ponnds les!'> thnn the standurd, and incidentally well 
below the 5-percent ficlucinllimits in table 1, it was within the bOUllc1­
ades of one of the two middle grades in table 2. Theoretically, SO 
percent of the Holstein heifers 'weighed at this age would be given 
grades indicating wider deviations from tlle standard 01' estimated 
weight. 

In actual practice, the theoretical distribution of an equalnumbel' 
of ,,'eights in each of the 10 gmdes is only approached. For example. 
the theoretical distl'ibution of gmdes Tor the weights of 400 Holstein 
heifers at 180 days of age would have been '10 heifer weights for each 
grade from 1 to 10. Actually, the number of weights in each of the 10 
grades was 46,30,23,29,44,45,58,49, '13, and 33, respectively. 

This departure from a theoretical distribution of +0 observations 
for each grade may have been ctUlsed by the occurrence, in the data on 
which table 1 was based, 'of a greater number of very low weights than 
,yould be expected ill a normal distl'ibutjon. As a result, there 'HIS 
a high fl'eque11ey for grade 1 weights, and It greater spread between 
boundary w('ights pel'l11itt('d higher frequencies for the middle grades. 

If a heifer \vere weighed t1 few days earlier or later than the ages 
shown in table 2, it would b(' well to make an adjustment in her weight: 
for the difference in age. If, TOl' example, a heifer weighed 526 pounds 
at 245 days of age, the difference in clays from 2-10 (5 da.ys) would be 
multiplied by the cOl'l'esponciing estimated cIttily gain in table 1 (1.70 
pounds) and the product (9 pounds) subtracted from her weight to 
give 1111 adjusted weight of 517 pounds ilt 240 days Ot age. This would 
be graded 6. 

If the average weiO"hts of a group of Holstein heifers were to be 
compared to this stancfltrd, it would be preferable to test the significance 
of the cljfferences by applying such methods as the t test or l1nalysis of 
variance to the average weights instead of using the grades. The 
grades shown in table 2 were intended to be a means of estimating 
the relative sizes of individual heifers. Nevertheless, the grades for 
several heifers might be combined, irrespective of age, to obtain an 
early indication of the relative size of the offspring of a certain sire, 



• • • 

00 
TAnLE 2.-JJO//1u/arl/ 'I!)(?igllts bl/l0-(/a!/ jleriods bet ween g/"(/(Ies for the 'welght./I of llolstein heifers 

Age Grade 1 Grade 2 Grado 3 Grade 4 Grade Ii Grade 6 Grade 7 Grnde8 Grade 0 Orade 10'-./ '-./ ,/ , ,,- ,/ ,/ ,/ ,/-- ­---':-jJ)ovsAt birth ' ________________________ Pounds Poullds POlwds POI/lid. Pounds POll1lds POII,,,I. POl/nds Pounds

_U hlrth.________________________ 80.4 85.6 80.4 92.6 95.5 OS. 5 101.7 105.5 
 110.679.6 84.4 87.0 00.0 03.6 90.4 09.4 102.9 107.710_________ •______________________ 

20___________ •• ________________ •__ 84.2 89.4 03.2 96.5 
 00.5 102.5 105.8 100.0 114.9
30••• _____ • _. _. ___________________ 00.9 96.7 100.0 104.4 107.7 111.1 114.6 ]]8.8 124.509.7 ]00.1 110.0 lJo1.5 118.1 121.7 125.6 130.2 136.5
40_ •• _____________________________ 


110.250_ •._. __ ••• ___________ ._ •• _______ 117.1 122.1 126.3 130.3 134.3 138.5 143.5 150.460. _________ •____• _•• __________ •__ 122.2 129.7 135.2 139.8 144.2 148.5 153.2 158.6 166.2135.5 143.7 149.7 154.7 lb9.5 ~ 1(14.2 169.3 175.2 183.570____• __________ •________________ a 
140.9 158.0 !G5.380_________ • _. _. ____ •_______ .• __ ._ 170.0 176.] lSI. 2 186.7 193.1 202.1165.3 175.1 182.0 187.000. _______ ._. _. _",,0 ._••00_. _____ 103.6 100.2 205.1 212.1 221.8 ~ 
181.5 188.2 100.5 205.0 212.1 ....218.0 224.5 235.8 242.• a100..________ •__ •_•.•••• _____ 0____ 
108.4 209.6110,0 __ o •• _________ ••___ • ___ • ____ 217.7 224.7 231. I 237.6 244.6 252.7 263.0 ~ o 
215. i 227.8 236.5 243.0 250.8 257.8 205.2 273.9 285.0120. ___ ..___ •••.•. 0 •••••••• _ •••__ • 233.4 240.3 255.6 2(13.5 270.9 278.3 286.2 205.6 308.4 l:I:I 

130.• __ ••••. _••..••.••.•_••••• __ •. q
251. 4 265.1 274.0 283.4 291.2 209.1 307.5 317.4 331.1 t<140............................... 269.5 283.9 204.4 
 303.5 311. 7 320.1 328.0 330.4 353.9 t<150.•••• " .• 0............... _••••. 287.6 :102.9 313.9 323.4 
 332.2 341.1 :150.5 361.5 376.8 I?':I 

"3166.••••_••.••••..••.•_.•.•••_•••• 30.'.7 321.8 333.5 343.4 352.7 361. 0 371. 9 383.5 300.7170.•.••••..••..••..••...••.••• _•• 323.6 3fl3.2 372.9 382.7 303.2 405.4 Z340.6 352.8 422.3ISO ............... _•••.••.•••_.• _ 341. 4 359.1 371.8 382.9 
 393.1 '103.3 414.3 ·126.0 444.7 ....
100.__ ._._ 358.0 377.5 300.8 402.2 412.9 423.5 434.0 

0
448.3 466.8200. _._•• _.. ::: :::::::::::::::::: <0376.1 3\15.4 409.4 421. 2 432.3210.••••••...••____ ._ ............_ 443.5 45.'.3 460.2 488.5 <0
a9a.1 413.1 427.6 431l.9 451.4 402.0 475.3 489.8 509.8 

220. _._ ••. " .••• _._ .••..•. , ••••___ 409.6 430.4 445.4 458.2 470.2 482.1 494.0 500.9 530.7 
240.• __ ..........._ •• _. _. __ •• _..__ 476.1 488.4 500.8 5[4.1 529.6 551.1
230 .••_......... __ '_'_' __ '_"_'_'_ 42.,.8 447.3 462.8 


441.7 463.0 479.9 493.5 506.3 519.1 5:32.8 548.8 570.9 
250._ •••••••••••. _. _••• _. __ •• _.... 457.2 480.1 496.5 510.6 523.8 530.9 551.1260. _____ ..._.••••_......_•..••••• 567.5 500.44i2.3 495.0 512.8 527.3 540.8270.. _~__ .. ___ .. _~ ~ _.._.... _.. ____ . ______ 544.4 568.9 585.8 609.4487.2 511. 4 528.8 543.7 557.6 571. 5 580.3 C>03.8 627.9 
280•• _____.. __ ......... _•• ________ 
 501.8 520.6 541.5 559.7290•••_.....__ • __ ._ ...___ ._ ••____ • 573.0 588.2 603,5 621.3 646.1516.3 .141.6 5.19.9 575.5 500.1300._. _. _____ "_'_'_______..._•. __ li04.7 620.3 638.6 663.9530.6 556.5 575.2 591.1 606.1 620.9 !l36.9 655.6 681.5 



• • :. 
310•••••••••.••••••••••••••••••••• 544.9 571. 3 500.4 006.7 621.9 637.1 6.';3.4 672.5 698. U 
320•••••••••••••••••••.••_ ••••••• 550.1 586.1 605.0 662.2 637.7 653.2 060.8 680.3 716.3 
330............................... 573.6 601.1 620.8 637.8 6.'i3.6 660.4 686.3 706.1 733.6 

txt340••.••••.•••.•.•••••••••..•••••• 588.2 616.2 636.3 653.6 660.7 685.8 702.9 723.1 751.1 t<.1350•••, •••••••..•.•••••..••••••••• 603.3 631.7 652.2 660.7 686.1 702.4 719.9 740.4 768.8 
300•••••••••••••.••••.••.••••.•••• 618.8 647.7 668.5 686.3 702.9 719.5 737.11 758.1 786.9 ~ 

rJl
365•••••..•••••••••••••••••••••••. (126.8 055.8 676.8 604.7 711.5 728.3 746.2 767.2 700.2 i::1 

~ I Based olllwcrago Instead 01 estllllnt~d birth weights. t<.1 
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to discover eyjdence of 1Illsatisfal'lol'Y 1'l'SlIIrS fl'om a p1lrticular feed­
ing and management pl'ogl'anl, 01' to obscrve by differences in successive 
i!'racles to what extent some heifers may be rccovprini!' from earlier 
Bickness or retarded growth, . , 

FRO~[ BIRTH TO 21 MONTHS OF ACE 

The ,yeights of ~7~ of the Holstein llPifers inr]uc1ed in the previolls 
age-limit grollp were available fo}' stndies on n01'lllal growth in wpight 
from birth to 21 months of age, After ~ll11onths. the averUi!'e weii!'hts 
l)egtlll to be uifpeted b)' the llllJ11bel' of lll'jfE'r~ that were pref!J'iant. 'rhe 
nno'rage aetnal ,wights and lllPllSl1l'eS of varin tion for the first 11 
lllonths in tablp :3 HrE' thp aYE'rage yahll'''; at t'OlTesponding 30-clay 
periods. The estimate(l weights wen' (':dt'lllatNl by fitting a fifth­
dp~rpe 01'thogollal pc,lynolllial to tIll' a \,prngp actnal "'E'ights, after the 
:W-day WE'ights had ilPl'll H(ljnstp(l to thp basi, of a ealenc1ar month of 
:~t)A:)7i) cla)'s. hy mhlillg tIll' Pl'()(ltH't of thp (Ii tfl'l'P IH'l' in days multiplied 
hy the eon'C':;ptliitlil1!.! p~iimnted llaily gains shcnm ill table 1. 

T.\flLF: :1.-.11" }'(!gt' 1//117 (,.1 il/tl/lld 1/'li111l IN I/llt! 'I'[ ill,', 111/(7 "I//'iI11 iOlls ill lrei!!7/I, 
ffJI·.I!'! fltd"fdll 7/1 ijl /',' h,lli/ollfb" f,'olll iJil'flt fo ~1 iII/Juth" Of (/!!(,1 
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The avernge aetnal \\'('ights "howl1 ill table:3 are a little higher than, 
but do llot vary .ll1Ol'e than ;3 pOllnds abon', those in tahle 1. The 
lowest monthlr gain in HVE'rai!'p actual weii!'ht (~(j pounds) occurred 
iJ(ltwpel1 1:2 mid 1;} months o:f :l!!P. TllP l;lOuthl\' i!'ain at this (li!'e. 
lik" that fo1' ,J('l';'('Y hpifers ut B('lts\'illl' 1'1). \Yn~ (;llly a little .m()l'C 
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than 50 percent of the average Illonthly gains cl\U'ing the preceding 

• 3 months. Apparently the change from the calf barn to a herd barll 
had about the same effect on Holstein heifer weights as it did 011 

Jerseys. Differences in the average weights for subsequent months 
fail to show a definite period of recovery from these conditions. 

Coefficients of variation gradnal1y decreased with age to 15 or 16 
months of age and then increased slightly "'ith older ages and with 
increases in the number of heH'ers pregnant. After 12 months of age, 
the coefficients were lower for Holstein heifers than for .fcrsey heifers 
at Beltsville (7). 

The fifth-degree orthogonal polynomial was llsed to calculate the 
estimated monthly ,Yeights of Holstcin heifers from birth to 21 month::; 
of age because of its gl:eater flex.ibility. The F-values for the reduc­
tion in the Sllms of squares by the fil'st-, second-. third-, fourth-, and 
fifth-degree terms were 1,600.50, 8a.DO. 0.00. 107.30, and 51.78, respec­
tively. All but the third were highly significant. 

• 

In general, Beltsville standard or estimated weights for Holstein 
heifers are higher than those reported by other inves6gators. Belts­
vme weights at 3, 6, 12, and 18 months of age are higher than the 
Ragsdale (10) standards -from 234 to 165 heifers by 11.9, 12.6, 11.3, 
and 7.7 percent, respectively, and higher than the Espe (,1) sta1lclardci 
from 65 to 58 11eifers by 18.7, 11.7. 6.3, ancl 2.8 ,percent, respectively. 
They are also higl~er than the avcrage ·weights from 30 to 27 heifers 
in the Kansas statIOn herd (11) by 5.4, 11.4, 0.6, and 6.0 percent, re­
spectively, and higher than the standard published by Eckles (:B) in 
1920 by 10.8,14.6,26.1, nnd3:2.6 percent, respecti\'ely. 

Also, these Beltsville standards axe 11igher than the average weights 
reported by Fohl'man ancl Gmves (5) on 36 dnnghters of the first 
sire used in the BeltsyilJe breeding experiment by 5.;") percent at DO 
days of age, 6.0 percent at. 18~ days, 9.1 percent at 12 months of age.
ar.d 6.0 percent at 18 months of age. 

On the other hanel, these Beltsville standard weights for Holstein 
heifers are below the average weights reported by Grayes and others 
(6) on lH heifers in a hercfat Hni1tley, Mont., b); 5.7, 2.7, 3.2, anel3.6 
percent at 3, 6, 12, and 18 months of age, respectively. Also, at the 
same ages they are 18.8, 8.7, 4.0, and 2.2 percent below the lWel'age 
weights re,porteel by Stnnber (1.'3) 011 10 ]1eifers in II herd at Woo'el­
ward, Okla. 'Whole milk Hnd skim-milk feeding continued to older 
ages in these herds than in the Belts\7ille herel. .At c12 and 54 ]11.0nths 
of. ~ge, .the avel'age weights of L~7 and :32 cows in j-he group of !)J 
heders m the Huntley herd were 5.'1, and 3.0 percent above the Belts­
ville standard. The average weights of 17 heifers in a herd at Ard­
more, S. Dale. (1), were 10.2 and 0.8 percent above the Beltsvillp 
standards at 3 and 6 months of age, respectively. and 16.1 and 17.3 
percent below them at 12 1Llldl8 months of age. ' 

• 
Differences in relative rates of growth shown by Beltsville and 

othe1' st~J1dards may be 11:ensm:ec1 by. calcnlating' the percent~ges of 
the 111aXlmum matm;'e wmght :ol'welghts at cbfferent ages 111 eneh 
standard, and applymg these percentages to themaxil111l111 wein'ht in 
the BeltBvil~e stanclard. Sueil a set. ()I' equivalcnj-- wc_·ights m~lY be 
compared directly, Ol' graded accol'tllllg to the boundary weights in 

http:1,600.50
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table 4. The equivalent weights from the Ragsdale (10) data at birth 
and at 3, 6, 12, and 18 months of age are 97, 208, 383, 681, and 911 
pounds, respectively. Those from the Espe (3) data are 95, 194, 382, • 
706, and 944 pounds, respectively. COlTes,pondin~grades o~ 6, 4, 4, 4, 
and 6 for the Ragsdale data and 5, 2, 4, 6, and , for the Espe data 
show that the Beltsville standards for Holstein heifars are relatively 
higher during most of the first year of life. 

The same methods show differences in the relative rates of growth 
of Holstein and Jersey heifers at Beltsvi]]e. The equivalent weights 
calculated from the Jersey estimated -weights at Beltsville (7) at 
hhth and at 3,6,9,12, and 18 months of age are 77,193,390,574,712, 
and 912 pounds, respective;y. The corresponding grades by the Hol­
stein standard are 1, 2, 4, 6, 6, and 6. The grades show the relatively 
low weights of Jersey heifers at birth and during the first 6 months. 
For this period the relative monthly gains are higher for the J el'sey 
heifers, but the differences for the remaining months are small. Suc­
cessive monthly gains of 50, 49, 56, 26, 34, and 31 pounds in the average 
weights of Holstein heifers from 9 to 15 months of age and corre­
sponding gains of 51, 48, 54, 28, 35, and 28 pounds in the equivalent 
,,"eights from Jersey average weights f<t the same ages again show that 
the transfer of heifers from the calf barn to the sarue herd barn after 
12 months of age affected both breeds alike. 

The estimated daily gains in weight (table 3) show a continuons 
decline from 6 to 16 months of age. Increasing daily gains thereafter • 
probably are the result of increasing numbers of pregnant heifers. . 
At 16 months of age, 14.5 percent of the heifers were pregnant more 
than 45 days. At 18 months of age, 36.3 percent -were ,pregnant 45 to 
105 days, and 14.5 percent were pregnant more than 105 days. At 21 
months of age, 19.1 percent were pregnant 45 to 105 days, 22.8 percent 
were pregnant 46 to 165 days, and 36.3 percent ,yere pregnant more 
than 165 days. 

The boundary weights for assigning grades to the weights of in­
dividual Holstein heifers are shown on a monthly basis in table 4. 
The v!tlues i]1 table 4, are based on the standard or estimated weights 
shown in table 3 and on the results of fitting a fourth-degree orthogonal 
polynomial to the standard deviations in table 3. The other calcu­
lations were the same as those described fOl' table 2. The boundary 
,veights for calendar months in table 4 are <'lightly lower at most ages 
tlUtn those for the corresponding periods in table 2 because there are 
differences of a few cla.ys in age. Boundary weights at 12 months of 
age are lower because curve fitting involved the adversely affected 
weights at 13 alldH months of age. 

-With a greater numbel' of clays ill the age intervals in table 4 than 
in table 2, it becomes more important to make adjustments for weights 
obtained at ages a few days over or under an exact numbflr of months. 
For example, a heifer weighing 785 pounds at 14 months and 20 days 
of age might be expected to gain 11 pounds in the next 10 days (10 
days at 1.10 pOllnds daily), making an adjusted weight of 796 pounds • 
for the age of 15 months. Then a grade of 5 would be given to the 
weight of this heifer, whereas witllOut this adjustment the grade would 
have been 4. 



• 
':c! 

"',,:. .
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T.o\nLE 4.-BollndaI"Y weights by calcndm'lIlonths bctween g/"adC8 /01" the 1lH~ight8 0/ Holstein !I,ci/ers 

tl:j 
."'ge Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 Grade 6 Grade 7 Grade 8 Grade 9 Grade 10 ttl 

'-/ '-/ '-/ '-/ '-/ '-/ '-/ '-/ '-/ ~ 
UlPounds Ponnds Pounds POlLnd. Ponnds Po:!nds Pound. Ponnl:' PonndBAt birth' Month& <:81.2 30.3 89.9 93.1 00.1 98.9 102.1 J.O.1. S 110.9 HAt birth.:,:::---------­ 81.7 86.3 89.5 92.3 94.9 97.6 100.4 103.6 108.2 t" 
t"I 

102.9 109.1 113.5 117.3 120.8 124.4 128.2 132.0 138.8 ttl 
139.4 147.5 153.3 158.3 162.0 167.6 172.0 178.4 186.5 
186.1 19{i.4 203.7 210.1 215.9 221.8 228.1 235.4 245.7 0 

~ 
0239.1 251. 5 260.4 268.1 27.1.3 282.4 296.1 299.1 311.5 

294.7 309.4 319.9 329.1 337.5 345.9 355. I 365.6 380.3 :'il 
350.6 367.5 379.7 390.1 309.8 409.5 419.9 432.1 449.1 

~ 404.0 423.9 437.6 449.3 460.2 471. I 482.8 496.5 515.5iiii~~:::~~~:::~~~;~:==;:;;:::: 456.5 477.4 492.4 505.;j 517.3 .129.4 542.2 557.3 578.2 Ul 
504.4 52i.l 543. a 557.3 570.3 58.1.4 597.3 613.6 r,36.2 

548.•1 572,7 500.1 B05.1 618.9 6.12.8 647.7 005. I 689.3 ~ 
588.9 614.4 632.8 648.5 663.2 677. 9 r,93.6 711.9 737.5 t:;jit::::::::::::::::::::::- >­625.9 652.6 671.8 688.2 703.6 718.9 735.3 754.5 781.2 

13____ _ ~ 
6BO.2 687.8 707.7 724.8 740.7 756.6 773.7 71lS.6 821.2 t:;j14 _______________________________ _ 
692.3 720.9 741. 5 759.1 775.5 791. 9 809.5 830.1 858.6 Ul15_________________ ..____________ • 723.3 752.7 773.8 791. 9 808.8 825.8 843.9 865.1 894.4 

b:j16_______________________________ _ 0753.7 783.9 805.7 824.4 841.8 859.2 877. 8 899.6 929.817_____________________._•._______ ~784.3 815.5 837.9 857.2 875.2 893.1 912.3 934.8 966.118____________• _.________________ • 815.5 847.9 871. 2 891.1 009.8 928.4 948.3 971.7 1,004.1 p:j 
19___.•_••••....•••.........••••._ 847.5 881.4 005.8 92r,.7 94r,.2 965.7 986.5 1,010.9 1,044.8 0 
20•••...••••••.•••_.•••.. _.••••••• 880.2 916.1 941. 9 963.9 984.6 1,005.2 1,027.3 1,053.1 1,088.9 t"I 
21.._ ..••••• _..._•. _._••. _•.•••••• 913.1 951. 5 979.2 1,002.8 1,024.9 1,047.1 1,070.7 1,098.3 1,136,7 Ul 

f.3 
ttl 

'Based on a\'eragc instelld of estimated birth weights. Z 
(') 

~ 
f.3 

~ 

I-' 
CI:l 
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FROM 12 TO 35 MONTHS OF AGE 

There were 307 Holstein cows for which weights were available 
from birth to 35 months of age. Data from 12 to 35 months of age 
on this group of cows are shown in table 5. This age-limit group 
was intended to sho,,' the trends in average weight during ages that 
include the period of first pregnancy and partnrition for most cows. 
Table 5 repeats some of the ages shmnl in table 3, in ordpr to present 
:.t continuons curve of data and to show the extent of the differences 
between these age-limit groups at corresponding ages. 

TABLE :;.-Ol"olrl 11. i'll 'Ireigltt /01' 307' Hols/eill COles /1"011112 /0 ,fij IIlfmi"8 Of 1l!le 

~:::-;: '~::-t~-;;;:;:;:;; 
61.9 
63.3 
62.4 
64.0 
66.6 
69.9 

8.6; 
8.5 I 
8.0 I 
7.9 
7. 9 I 
8.0 I 

720.0 
742.4 
77l.S 
SOIi.:1 
RH. 0 : 
883.4: 

0.735 
.967 

1.13;j 
1.240 
1.294 

!a.3 i 
/0.0: 
85.0 f 
87.:1 i 
93.2: 
US.·I 

8.0 j
8.3 ~ 
8.C. I 
8.~ I 
8. (i 
S. 8, 

92;1. 1 ' 
061.9 
90S.7 

1.032.0 
I,Dli3.S 
I. DOl.! 

1.303 
1.2i;i 
1,211 
1.123 
I,OlfJ 
,S07 

Oi.S 
102..5 
IOU 
107.0 
10.').2 
103.2 

S. i. 
9.1 
0.1 
9.2 
9. 0 
S.S 

1,114.7 
1,1;11.5 
1,150.S 
1,164.0 
1,17-1.9 
I, IS ... 2 

.773 
• (11lO 
.S:ltl
.-Iao 
,3.'\7 
.307 

10.5.2 : 

J(:K~ : 
114.0 
IIS.!l 
120. I 

KR 
11.0 
HI 
0.2 
n.5 
9.4 

I. !!I3.1 
1,202." 
1,2l-1.1\ 
1.2:10.8 
1.252.1> 
1,2$2.3 

.2112 

.3ID 
• :I!~I 
..';24 
.716 
.977 

The aver'age wpiglJts in early life for the :3n( Holstein ('OWS were 
slightly higher than those ill tables 1 and :.t However, they '",ete 
within the 5-percent fiducial limits for avemge weights at all ages 
shown in table 3, and at all but 30 and 60 day::; of age in table 1. 

Ages are expressed in terms of ,rears anel months 111 taHe 5, alld in 
severullater tables, in accordance with terms commonly nsed in refer­
ring to the ages of clairy cows. However, 1'01' eaHe ill discussing the 
data jn these tables, age will frequently be expl'l:'ssec1 in terms of 
months alone rather than in years and month~. 

The data, in table 5 fot· cows on test are expl'esHl:'d as percentages of 
the total number of cows in the group. It was obse1'\'ed from other 
tabulatiuns that cows ill the Beltsville henl tended to carry more 
weight during lactatiOIlS when they wel'e 011 ofTicial test and more 
Jiberally fed than they did durillg other lactations, 

• 


• 


• 
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The pregnancy score is au attempt to classify in a single term the 

• 
variations in ronditions relating to the number of cows in different 
stages of pregnancy. The pregnancy score for each age was calculated 
by adding the number of cows in the group that 'were pregnant 106 to 
165 days, to 2 times the number pregnant 166 to 225 dRy~, to 3 times 
the number pregnant more than 225 clays, and dividing this sum by 
the totalllumber of cows in the group. Multiplying the result by 20 
produced a reasonable number of class!'s without causing these scores 
to be confused ,,-ith percentages. Tabulations had shown that in­
creases in 'weight. 'with these 3 stages of pregna ncy were roughly hl 
the proportion of 1, 2. and 3. and that little ehange in weight was 
associated with earlier stages of pregnancy. .\s an example, the preg­
nancy score of 34 at 23 months of age was ohtained fl.·om 63 heifers 
pregnant 106 to 165 days, 70 heifers pregnant 166 to 2:25 days, and 105 
heifers pregnant more than 225 days. 

• 

The average actual weights shown in tabl(> ii. like all avernge weights 
that have been p.resented as ,,-eight standards, were afl'ected by changes 
in the numbers in various stages of pregllancy and lactation and by 
different levels of feedin/!. The eiitil11llted weights, cll1elllated by fit­
ting a fourth-detrree orthogonal polynomial to the ayerage actual 
weights, only sernd to spread the !'ifertR of challg!'s in theRe conditions 
over a greater number of months in age. Ft'w indiyidual cows 
weighecl at the same ages wonld ha.ve an exart duplication of the aver­
age stage of pregnaney or lactation represented by the data in this 
table. For this reason no attempt was made to lIiie these data or those 
fro111 older age-limH groups in prep:u'ing a table of boundary weights 
for assigning grades to the weights of individual cows. 

The age of 23 month:; is the only point in tnbl(> fl at which the esti­
mated weights were outside of the i)-percent fidllcial limits of the 
average weights. The estimated weights were lower than the aver­
age weights for 3 consecutiye monChH at this point and higher than 
the average weights from 17 to 21 months and from 2:) to 2D months 
of age. 

The effects of pI"egnancy alld cahoing on the ayemge weights at suc­
cessiYe ages al'e shown in table G. 'Yeight data from tIl(' am cows in 
the 12- to 35-111onth age-limit gl'OllP were sorted accoI"cling to four 
GO-clay stages of pr:.>gnlUley. the first no days after calving, and the 
first 90 clays after an early abol'tioll. Another group ('om;isted of the 
data for cows and heifers not pt'egn:lllt more th:m 45 dilYs or within 90 
clays after calvin/!:. ~[ost of the wei/!:hts under 27 months of age in 
this last gl'OllP wpre obtained from heifers thut were not pregnant or 
that were pl'egnlUlt le"s than ..J-(j days. At older ages most. of the 
weights were frol11 com, that had bren in milk more than 90 days. 

• 
At al.' ages the llyeJ'llgp weight3 of ('ows pr('g"nant Hi6 days or more 

were higher than the average wci/!:hts for all cows. The average 
weights of cows in the firRt DO daYR of InetatioJl and cow:; [mel heifer;.; 
not pregnant more than .~!i clays \\"e1"(> lower than the H\'(>rage weights 
for all cows. A YCrag(> weights at other stages of pregnancy were 
intermediate. For all stage~ of pregnancy ailt] laetation, there were 
j'airJy conRistent gains with age. ­

305775°--54----3 
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TADLE G.-Effects of prcglla1lcy (111/1, calvillg on l7Ie IIlJer(/{IClr('i{/7It~ of Holstein COIL'S in, /hc 35'111011/11. (If/e·limit f/roup 

2 

.Ago 

tt.a:~::I~/II,~, ... 
3•• , 

4................ 

g:::::::::::::::: 
7............... . 
8............... . 
9............... . 

10.........__.... . 
II ................. 
0............... . 

Averuge
weight
for nil 

307 cows 

Not pregnunt over 
I. to 00 dllYs 11 to 00 dllYs lifter 45 days or within 
Biter "!lIving nn abortion . 00 days nfter 

45 to 105 dllYs , 100 to 10fl clays I 166 to 225 days I 226 days or o,'er , under 226 days calylng 

Stage of pregnancy 

'\ I I IAY::';! I I 'I Average I I I I"\"crnge I \ '.' I Average I I IAverligr.1 A I I 1Average I I IAverage• n ma S ',I'elght, IAn mu s weight, An nUl S weight, J 1.lmn S 
II weight An ma S I wI'lght I n rna S weight An ma S W,elght 

,,'---:~-~' :---'---'j---;----' ,,---,----~-,--- .,--­---

l'OIl,¥~S 1'.~::O~~~:J.l:~:'~~i::.I.~~~~I~:~..:'~~'~~':'~ ..~~L:~~~~.!_:'~~L~~':~.II.~:~L:"~:~..!~~:L'!.~~..~~.'~~:~.L!~~~I:~':~..::~.~'~::" .~~~L~~~. N!Lm~8~ POIl~~~ 
810 2 

1 

' 898 1..-­ ....... ' ................. '1' ••-.......................... ·•....····1· ..·............'... .......... 305 go9 

S!G 1 46 879 ........q• .................... /..........1........_..-...........................- .......... .......... 261 840 

gl~ ! }M ~~ ,16 ~~~ :::::::::t::::::::: :::::::::: :::::::::: :::::::::: :::::::::: :::::::::: :::::::::: m gg~ 
952 
0!l2 

1,031 

1,074 
1,114 
1,12.1 

72 
57 
63 

50 
22 
20 

947 
980 

1.00,1 

1,018 
1,030 
1,0[,3 

111 
109 
70 

57 
0;1 
50 

\182 
1,004 
1,02:1 

1,067 
1,08.1 
I, ~O'I 

2 
~ 

111 

WO 
ro 
M 

I,OG! ...... ' _.. •••• ..... .......... .......... 1 1,0001,000 I·· ..···..·I..·..·····j·.........j.......... j----....--j----...... 
1,07:1 2 1,21f\ ..... ..... • ......... 1 1,022 

1,008 
1,121 
1,157 

·13 
105 
82 

1,155 
1,170 
1,180 

.. ··....7·l.. ·..i:iJ5ii· 
no 1,073 

2 
1 
1 

1,027 
1,080 
I, JlO 

122 
95 
GO 

·10 
39 
28 

028 
954 
986 

1,012 
1,057 
IJ CS3 

t-3 
t:J 

~ 
E:; 

~ 
t:J 

~ 

., 

2 
2 
2 

2 
2 
2 

2 
2 
2 

2 
2 

I .................3:::::::::::::::: 
4.............. .. 
5............... . 
6••. _", ...... '. '"' 

i ... ............ ~ ...... ,.. 
8.............. .. 
9.............. ,. 

10................ 

1
II................ 

1,12\) 
1,14:l 
1,15t; 

1,169 
1,176 
1,1!l:! 

1,205 
1,221 
1,2:17 

I 256 
1: 275 

lS 
15 
14 

13 
16 
31 

51 
57 
56 

58 
56 

1,107 
1,115 
1,131 

1,161 
1,11\2 
1,178 

1,20; 
1,228 
1,241 

1,2t,,'3 
1,20.1 

22 
20 
17 

15 
13 
13 

17 
31 
51 

56 
57 

1,103 
1,135 
1,182 

1,175 
1,217 
1,222 

1,234 
1,2;12 
1,257 

1,276 
1,291 

00 
~ 
2:1. 

~I 
J.I161 

16ill,j' 
W 
~I 

I,Iill 
1,187 
I, WI 

1,215 
1,258 
1,280 

1,29:1 
1,300 
1,290 

1,308 
1,334 

5,1 
46 
[00 

:16 
Hi 
10 

10 
12 
10 

10 
14 

1,212 
1,2·17 
1,202 

1,273 
1,:10:1 
1,307 

1,333 
1,:101 
1,308 

1,~7.J 
1,358 

125 
lila I 
121 

02 
80 
65 

'W 
27 
26 

20 
18 

1,082 
1,108
1,117 

1,Ia5 
I,HI 
1,1,;2 

1,16'1 
I, HI7 
1,200 

I, Z14 
1,258 

5 
6 

3 
3 
2 

1,121 
1,12\1 
1,10:1 

1,227 
1 ZI3 
1;183 

Ij"-Tiiii' 
3 1,182 
4 1,219 

2.1 
10 
7tl 

l:n 
158 
100 

107 
167 
147 

130 
110 

1,104 
1,000 
I, U8 

1,157 
1,171 
1,IIl2 

1,198 
1,204 
1,217 

1I; 2:13 
240 

.... 
o 
co 
co 
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FROll1 12 TO 53 MONTHS OF AGE 

• 

The average actual weights and the estimated weights and the 


measures of variation for '233 Holstein cows from the ages of 12 

to 53 months are shown in table 7. At the ages shown in this table, 

most cows were well into their second lactation and many were in 
their third lactation. The estimated weights for these ages make a 
continuous growth curve for the weights of young cows from ages 
prior to their first pregnancies. 

T_-I.llLE 7.-Grolclh in 'I(:eigllt lor 233 J[ol.stein ('01(:8 frolll U to 53 1I1OIlth.~ of age 

Estimated 
Stand· Coem- standards5-perccntpreg.ll~oWS IA \~:ragc I 
 ard rient of 1____---Age nancy on 'actual I fiducial devia·st'ore test weight limits varia· j 

! 
tion 	

gam 
tion Weight Dn!ly 

------1--1-- -------;--- ----- ­
Year·.\[onth I ! Percent POlLnd~ POlLnds POlLnds Percent POlLnd., I POlLnds 

70S- 722 63.5 8.9 i13.7 f 
734- i51 65.2 8.8 749.81 1.188I !::::::::::. .: :,=.=.:,:.' :.=.:,',:. :,:,:,:..:. :.. :.1 ~8:'!1~0 7iO- 7S6 63.2 8.1 785. a 1. 166 


1 3: :::::::::::: . 	 802- 817 63.0 7.8 820.0 1.142 
1 4 ......... __ ..... :.._____ .J ...._.__ 848 840- S5i 6i.3 7.0 854.0 1.115

1 5....__ ..... __ ... ______ b83 :
.+.. __ .__ 8i4- 892 69.3 ;.8 887. 1 , I. OSi 


I I
1 6...____ ........ . 
 3 _"_"00 921 I 912- 931 i 74.3 	 1.0.56
8.1 t 919.211 i _... ___ ....__ ." .. ~~~: s '. ___._ .. 958 941- 008: 80.0 8.4 950.4 1.024 


• 

12 I ~~ _____ _
1 8.............. .. 998 987-I,oon I 86.6 8.7 980.5 .990 


1 9............_... : 21 1.. ___ ._. 1,039 1,028-1, om 87.4 8.4 1.009.6 .955 

1 10................ : I,OS3 I, Oil-I, 095 93.3 8.6 1,037.6 .918 

1 11.............. . 5~ 1"----2' 1,122 1,110-1,135 97.6 8.; 1,064.4 .881 


2 0•• __ ......._••.. 30 18 1,135 I 1,123-1,148 97.3 8.6 1,090.0 .843 

2 I. .............. 22 30 1,137 ! 1,124-1,151 105.9 9.3 1,.l14.5 .804
2 2 .. ____ .. _________ _ 
 18 51 1,147 ' 1,13:!-],IOl lOi.1 9.3 1,137.7 .ml
2 3 .. __ • __...._.. .. 
 14 59 1,162 1,148-1,171l IOi.9 9.3 1,159.8 .724

2 4... _. __ .. __ ..... ' 10 68 I, Iii I, U.S-I,IS5 IOu. 3 1,180.6 
 .634 

2 5............... . 5 76 1,178 I,IM-I,I91 104.3 ~:~ : 1,200.2 .645 


j 

2 6, __ ~ ......_~~... ! .5 i8 1,19.5 1,181-1,209 • 107.3 9.0 1,218.7 • fJOS2 7............... . 4 81 1,207 1,103-1,222 111.1 9. 2 
f' 

1,2:15.9 .5f06

2 8 •. _.,, __ • ___ • __ .. 
 6 83 1,225 1,21 1-1,2.10 110.3 9.0 1.251.9 .527
2 0_ .... ~~ _____ ... _ ." 8 84 1,245 1,2:10-1.200 114.3 0.2 1,2C,u.8 .4S9 

2 10............. . 11 85 1,26i 1)252-1,2S::I 120.7 9.5 1,280.6 .4.0;:1

2 11............. ' 14. 83 1,286 1,270-1,302 123.2 9.6 1,293.3 1 .417 


3 0........ .. 	 18 71 1,306 1,290-1,322 124.0 9.5 1,305.0 .3!l3
a I. ............ 	 21 55 1,319 1.303-1,3:15 127.6 9. i 1,315.6 .350 

3 2........... .. 	 21 52 1 330 1,314-1,346 125.2 9.4 1,325.3 .319 

3 :1. ......... . 21 50 1;3:18 1,322-1 t :i,54 123.7 9.2 1,334.1 .290 

3 4..... 19 48 1,3,12 I, 32f....I, 35S 12'2.0 0.1 1,342.1 .263 

3 5... . .. 19 46 1,348 1,332-I,3!l5 126.7 0.4 1,349.4 .238 


3 fL ....... __ . 	 16 48 1,347 I, :l30-1, 364 130.7 0.7 1,356.0 .216 

3 i ......... 	 13 50 1,348 I, a:1I..·1, 366 133.9 9.9 1,301.0 .196 

3 8."" 	 11 51 1,351 1,334~1,360 133.5 9.9 1,36i.4 .179 


'O.3 9............ 10 51 1353 1,33/H, 371 l:li.2 10.1 1,372.4 .165 

3 10............. . 9 52 I: 361 1,34.·1,380 140.2 10.3 1,377.1 .15.5 

3 11. .......... . 9 54 1,370 1,353-1,388 138.0 10.1 1,381.6 .147 


4 0... 	 11 51 1,381 1,364-1,300 136.1 9.0 1,386.0 .143 

4 	 1............. . 13 48 1,395 I, aii-I, 413 139.4 10.0 1,390.3 .143


16 40 1,403 l,3S5-I,421 138.7 9.9 1,394.8 .147
~ 5::::::::::::::::1 	 17 36 1.412 1,:194-1,4:lO 139. i 9.9 1,399.5 .155

4 4......__ ... __ ... ~ 	 17 32 1,410 1,:192-1,428 138.6 9.S 1,404.6 
 .167 

4 5.... __ ..........! 	 18 30 1,411 1,393-1,430 144.3 10.2 1,410.2 .184 


• 	
---=---...:......--....-----.:...~~~...'....--... ---------

For this age-limit group and each older age-limit group, there is 
the question of how great are the differences at corresponding ages 
between the average weights for these groups and those for younger 
age-limit groups comprisi.ng It Jarger number of animals. The aver­
age weights for the 233 cows in this 12- to 53-month age-limit group 

http:comprisi.ng
http:1-1,2.10
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were nearly the snme at birth and at DO, 180, and 270 days of age as 
those shown in table 1, but they were higher thn.n the average weJghts 
frol1113 to 21 months of age shown in table 3 and above the 5-percent 
fiducin,llimits from 1'7 to 21 months of age. For a period frol11 18 
to 35 months of age, the average weights of these 233 cows were 6.2 
pounds higher than those shown in table 5. 

The monthly gains in average actual weight '"ere lowest at 42 
and 52 months of age. Decreases in the number of cows on official 
test 01' the l1umber in advitnced pregnancy may haye been responsible 
to some degree. Monthly gains in the average weight of 206 Jersey 
cows in the Beltsyille herd en were lowest at 43 and 52 months of 
age also. The Ragsdale (10) and Espe (3) data had periods of 
low monthly gains at approximately 30, 45, and 63 months of age. 

The breeding efliciency of the herd may be reflected in the preg­
nancy scores. On a theoretical basis of :1, 282-day gestation, less 1-1: 
days as the average time from the last weigh day at the first of the 
month tD the chte of calving, calving intervals of 12, 13, 14, 15, ltndlG 
months would produce pregnancy scores of 16.D, 15.6, 14.5, 13.6, and 
1:2.7, respectively. The average pregnancy score for all ages in table 
7 from 1D to 53 11l0ntlH'; was 15.1, which would indicate :1n average 
calving interval of a little over 13 months. 

In general, the coefiicients of \Tariation were somewhat higher after 
41 months of age. This may have been becanse there were fewer 
cows in ally one stage of pregnancy or lactation at the older ages. 

The. estimated weights increased at a gradually diminishing rate 
throughout all ages shown in table 7. In the process of producing a 
smooth curve, the most rapid gains were fouuo to be between 12 and 
18 months of age, instead of between 18 anc123 l1Ionths of age as shown 
by the average actunl weighb:;. Neverthelesd, the average of th!'. 
estimated daily gains from 12 to 18 months of age is praC'tically tIle 
same as an average of the estimated daily gains for the same ages in 
table 3. Another result of curve fitting on the clata in table '7 is that 
the estimated daily gains for several months nftel' 2 years 'Of age are 
higher than the differences ill average weights at these ages would indi­
cate. In O'cneral, the estimated wClghts from ]2 to 53 months of age 
appear to be indepemlC'nt of changes ill the numbers of cows in various 
stages of pregnancy. but they have a degree of artificiality that impairs 
their usefulness for IlHllly purposes. 

FaoM 30 TO 71 :MONTHS OF ACE 

Data on the weight oJ Holsteill CQ"ws, beginning at 30 months of 
age, are presented ill table 8 for the 167 Holstr.in ('ows that reached '71 
months of age. This period covered the growth of most young cows 
from some time in the first lactation to it time approaching maturity. 

Most of the average actual weights in the ~30- to 71-month age­
limit group were a .little higher than those iu the previous groups. 
The dIfferences at bll'th and at DO, 180, 270, and 365 clays of age be­
tween these average weights and those in table 1 were not more thun 
2 potU1c1s, but the weights of these cows at 15 and 18 months of age 
were above the 5-percent fiducial limits foL' lwemge weights shown 
in table 3. For the period :from 18 to :)5 months of age, the average 
weights of these 167 cows were 7.D pounds higher tluui those in table 

• 


• 


• 
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TABLE S.-Grou;!1/. in lccight tor 157 .TIol.~!ein COIfS fro In 30 to 71 11I0nths of age 

! EstimatedI I'· I t Stand., cocm· I stnndardsPreg· Cows"\"erng~' 5-percen nrcI cient of '___--:-___'I' 

Age nnncy I on ' actual: Ilducinl l',t I . I t 11'rnl'ts (CYUl' varia·, I
5COr~ 'i cst , welg 1 lion tion f Weight j On!ly 

------!,--.-.----------,- .---- __I~ 
Year·Month! IPrrc(nt Pound.• I P01lnds POll lid., Pnwnt Pound., IPoul/da 

., 6 '4 i ;9 1,203 1.186·1,221, 113.9 9.5 I 1.19n.9 ........ ,.
2 i····· ..•••.. ·_· .. : 4 S3 1.213 1.IOiH,2:12 1"".19•• 9 I g,g 1.219.i 1 0,i·18 

1 0
; 80 =..=..'=.=.=..=.='.'.=:.=.=:.='.".'1 6 83 : 1.2'1.1 1,2"'-1.251 i"" \l. 7, 1.2,10.2 • fiiii 
- . . l S 840 I. 2M 1.235-1,2,3: 122. -I g, S' I, 2iS. ; ,607 


210................. 11 ; 85! I,:m 1.2.'iS·I.29i, 129.3 i 10.1 1.275.:1 .5015 

2 11................. 14 8:1 1,29.1 1.2'5-1.:11-1: 130.2 i 10.1 I 1,290.2 .489 


~ ~===:==::=:===:=:: ~ ~~ I ~:m 1:rtl=1:~1~ ; ggj i 19:~ U~U :~~ 
3 2. ................ 20 51' 1.333 1.3I:1.1.35.1! rl2. Ii n. 9 1,326.0 .348 

3 3 I 20 49! 1,3-11 1.321-1.3GI. 1:10.4 9.7 1,3.35.5 .311
3 4:::::::::~:=::::: HI 4i i 1.345 1, 32t)-l, :ifl5 ! 125.9 9. -I 1,3·13.0 .277 

3 5••--........··•••r 19 43 1.3.5-1 I. :1.13-1, 3,·1 1~3. 7 0.9 I 1,351.-1 .247 


1 


i ~===::::=:::=:::~~! H 1J: U~i t~=U~~ lim: ~ ~~: ~ 1 U~: ~ :figi 
 'I 

3 0................. 11 47 1,35;;: 1,3:I:H,377 144.3 10." 1,37-1.6 .lr.1 

3 10•••••••_......... 10 ,IS 1.3rl-l: 1,:HI-I,386 147.9 10.S I,:li9.2 .149 

311................. ' 10 49 I 1,:176 1.35-1-1,:308 145.3 10. Ii 1,38.1.4 .1:18 


I 

4 0........._.......1 12 46, 1.3811: 1.:16-1'1,408 \-13.4 10.3 1.387.3 .129 

4 1.•.. ___ ..•....••. ' 15 4-1 I I.-IOO! 1,378-1.-12:1 \-18.1 1.391.1 .122 

4 2._.............. _1 17 37! 1,,109 1.:1S7-I,4:11 144.0 i~:g 1 1,30-1.6 .117 

4 3 I 18 34" 1,·118 I ·IP·I 410 14:1.6 10.1 I 1,30S.1 .113 


143.2 10. I ! 1,401.4 • III
! ~::::::::::::::=:: I t~ ~ i:!U }: ~gi=i: ::jl~ 10.7 • UO·I.SI 151.0 .110 


-1 6._...._._... ____ • 17 qG' 1,-111 l,38IH.43-1 1-16.6 10.,) , 1,-108.1 .109 

-I 7......._...... __ .: 17 2.1 ! 1.41:! 1,391-1,435 HI. 3 10.1 I 1,411. 4 .100 


15.1.4 10.9 I 1.-114.8 ,1101g::::::::::::::=::: }~ ~? I U1J~ UU=i:~~t 10.5 , .110
Hi.:! 1,418.1
4 10•••..•.. ____ .. _... 10 20 1,4H 1.302·.U:l6 14:1.7 10.2 j 1,421.5 .111 

411......._......... : 15 19 1.411 1,~S9_I.433 I 1-13. II 10.2 1,42-1.9 .111 


; '. 
5 0•••••• _... __ ... __ : 15 19 1,426 i 1.40-1-1,448' 14:1.4 10.1 1,428.2 .110 

5 L ............ __ .. ' 16 20 I,,1:!2 i 1,·111-1,·11i4 I J.lO.S 0.8 1,431. 6 .109 

5 2•••.• _........... : 16 10 1,4:14 1.412-1. -155 1 1·la.2 10.0 1,4:H.8 .107 

5 3......... __ ... _· 16 IS 1,4-10 1,-I19_I,·162! 141.8 9.8 I, -138.0 .103 

5 4_ ........ ____ .... Hi 22 1.·139 1.·lli-I,4m! 141i.7 10.1 1,440.0 .098 

5 5................ 17 21 I, HG I, 42tH, -IGi 135.4 9.4 1,401:1, i .091 


I
5 6 .. ____ T~~"~_ . • ~_ ~i 19 
 1,45-1 1,433-1, ·176 130.·1 I 9.6 1,-1-16.2 .082 
5 7............... , : 18 i I, -155 1,43:1-1,478 1-15.0 I 10.0 .071

5 8......... ____ .... ' 17 1,4411 1,'12IH,471 147.1 1 10.2 .057
I 


5 0•••• __ ........ . 1,-1·1.1 I. 42:H,·1f>8 10.1 I 1.451.3::~~:~ I .010
1.16.5·15 10................ 1 illl 1.·152 1,·I:IO·l,4i4 J.l5. I 10.0, 1,-151,9 .021 

5 11'''''''''''''''''1 
 12 1,452 1,430-1, ,i7·l H-I.U 10.0 1,451.9 -.002 

7, and 14.1 pounds higher I'han those ill tnble 5. From 36 to 53 months 
of nge, these H.\'emge weight:; \\'('re .t,,:2, pounds higher than those in 
table 7. All monthly weights, however, were within the 5-percent 
fiducial limits fOl' lwerage weights in table 7. 

The average actua! weights in table 8 showed very little gain from 
51 to 59 months of age and irregular monthly gains thereafter. The 
estimated daily gains avoid theseiJ'J'('gulal'ities, but they do sbow n 
long period of time when normltl gains are very small. Estimatecl 
or normal monthly gains in weight at :3, cI:, and 5 years of age were 
13.3,3.9, and 3.3 pound;.;, 1'(·!-q)C't'tiVl'ly. 

Fnol\1 30 TO 89 MONTHS OF AGE 

The data in table H show till' gl'Owtll in weight of 110 Holstein 
cow~ from !;ihortly aJtel' the' nge of' first calving through the age of 
ll1aXIn1Ull1 SIze. 
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TABLE 9.-G-/'01Oth in weight fo/' 110 IIolstein COltS from 30 to 89 months of age 

Estimated 
Stand· Cacm· standards 

Preg· Cows Average 5·percent nrd cient or 
Age nancy devia· varin·on 3ctual fiducial 

score test weight Iimit~ tion tion DailyWeight gain •
j-------- - ------------­

Year·Month !Parent Pounds POlLllti. POl/nd.~ Prreenl. Pounds Pounds 
2 6.•__............. 6 ! 76 ! 1,198 1, l7.';-I, 221 122.6 1,186.2 
2 7•••••••.••••••.• 82 1, 20~ 1, 180-1,2'27 124.3 l~J ! J,207.9 • "'ii:7i4 
2 8................ 83 1,223 1, 20!H, 2·17 124.9 10.2 1,227.8 .652 

2 9................ 84 1,242 1,218-1,205 123.7 10.0 1,245.8 • .194 
131.4 10.4 1,262.3 .5402 10................ 85 1,2(;:1 1.2:l8-1,2SS 


2 11._.............. 84 
 2i9 It 2(;6-1, 292 13G.l 10.6 1 1,2;7.2 .489 
I

Jl 
1, 1 

3 0................ 75 1,290 1,265-1.:UO 133. .5 10.3 , 1,290.6 .443 

3 I................ 17 53 1,3011; I 1,27fl-l,82H 134. fi 10.3 I 1,302.8 .400 
:1 2................ 18 49 1. :l1fi I I, 2UO-l. :142 I 1!l5.6 Ig:~ 1 1,313.8 .360 

!
3 3................ 19 1 49 1,325 i 1,301-1,349 127.5 1,32!l.6 .324 


3 4................ 1,:l3i I, :Ua-l, 362 130.2 9.7 ' I, :132. 5 .291 

10.0 .2613 5...........__ ... ~t I 40 

43 
1,:14(j I 1.lm-I,371 13·1.3 I, :140. 4 


135.2 10.0 1,347.6 .234 

7__________ .. ___ . 

~~ I 1,:JOl I 1,:l21H, 3;7 136.6 10.1 1,35-1.0 .210
3 6..... ' .. 19 42 1,352 I 1,326-I,3iS I 
3 
3 

~ 

171 1,IB91 1, :l2:l-I, :ri5 139.2 10.3 1,3.59.7 .ISS8................ 14 

11.2 1,:)1).1.8 .1693 9................ 13 43 I, INS: I, :120-1, :Ji6 I 150.7 


3 10................ 11 45 1,351 ! 1,322-1, aHO I 154.7 11.5 1,369.5 .15.3 

1l.1 1,373.7 .1393 11. .............._ 4G 1, :ifJ2 : 1, 33H,:3!)1 150.9


10 I 
4 0................ 12 1 43 1,371 1,343-1, -lao! 150.8 11.0 : 1,377.6 .127 

·1 I. .............__ 40 1,3S5 1,!!5iH,4H ! 15G.3 11.3 1,3SJ.l • 117 
4 2..............__ l~ I 35 I, :J96 I, :167-1, 424 152.0 10.0 j 1,384.4 • lOS

14 3................ 17 32 ' 1,405 1,377-1, ·I!l-l 150.5 10.7 1,387.5 .102 


4 .\. ............_-- 16 30 1,402 1, :l75-1. 4ao 1·16.6 
 10••1 I, :190. 5 .097 

4 5..............._ 17 29 1,401 I. :In-l, 429 , Hi. 3 10.5 1,:19:3.4 .094 

4 6................ 20 27 1,411 1,384-1,4!!S 143.4 10.2 1,390.2 .093 

7 _ ... __ "_~ ____.. ___ 20 23 1.,119 I, !!02-1, 4·10 H2.5 10.0 1,399.0 .0924 

1,-IOi , 1,3i!l-I,435 Hn.11 10.6 1,401.8 .0!)34 8................ IS 20 

4 9................ I" 
 ~~ I 1,397 I. 3i0-1, 4~1 J.!1.2 10.1 • 1,401. 7 .095 •.097-I 10................ 14 I,:mn 1,37·1-1,'125 13·1.0 0.0 I 1,407.7 


14 17 1,:105 I. :lio-l, ,1211 13·1.0 9.6 i I, 4iO. 7 .101 
_ • ri .. __ ...~ _ ~4 11. ... 

0............. _.. 13 1,410 : 1,:181H,·1:l5 1:12.1 9.4 I I, 41!!. 9 .105
ii ~16 1• 5 1..........._.._. 16 16 1,425 I I, :l08-1, 451 I!lO.6 0.8 , 1,417.2 .109 


5 2................ 14 15 1, ·Ili ' I, !!1ll-1,·J.l:I 
 1;17.3 9.7 1,420.7 .114 

5 3........._._.... 14 13 1 1,425 I 1, !lOll-!, -151 138.5 fl.71 1.424.4 .119 
[, 15 16 1,420 ; 1,39!H,45:1 , HI. 7 

10.1 I1,428. I .1254................ 

.. r .. _ .. ~_______ 

16 !1 1,43G , 1.'111-1, ·11;0 , 12SA S.9 1,432.1 .1305 Ii.. 17 

5 n.............__. 21 10 1,447 ! 1,·IZH,-171 ' 128.4 8.9 1,436.2 .135 


5 7...........__ ••• 21 20, 1,45:1 r I, ·127-1,·179 ! 
 137.2 9.4 1,440.•1 .140 
ry3 . 1,4H.9 .144Ii S................ 20 1.440 1,'lIIH,'16fi l 138. I 9.6
;; .. : 

5 9................ 17 ...0 I. 1"142 1. 4lf>-1, ·W!) 1-11.0 9.S I 1,4·10.4 .148 

,'i 10............__ ._ 16 '>5 . 44 1,·121-1,-171 , 130.7 9.0 I 1,·15-1.0 


, °1 
.152 

5 II. .. -- .......­ 13 31 I 
1,
1,443 1,419-1,·167 126.8 8,g; 1,458,7 .154 

I; 0................ 11 34 I 1,-15:') 1,430-1, ·ISO , 1:11.6 9.0 1, ,163. 4 .156 


6 I. ............... 11 :16 f 1,451 l,"27-1,4''.' ' 124.7 S.U 1,40S,2 ,1.16 


6 2............... 11 41 1,4na 1,438-1,4SS I I:H.9 9.2 1,4I~·91 .156 

(j :I ........ 11 44 \ 1,4,1 1, ·14·1-1, ·198 1-13..5 9.8 1, -til. 6 .154 


0 L ....... :::.::· 12 4!! 1,475 I, ·J.lo-I, 500 1!l:I.!! 9.0 1,482.2 .151 


6 5................. 15 43 1,400 I, 4QiH, 516 1&1.8 9.0 1,486.7 .140 


43 1,511:1 1,477-1, :;:10 1-12.1 0.5 1,400.9 .140 

6 7.. ~ .. __ .- .. -~« •• --- 20 38 1,512 1,·185-1,540 146.5 9.7 1,4IH.9 .131 

6 8....... 

6 6........... · .... 17 


19 39 1,513 1,48-1-I,f>l1 150.4 9.9 1,498.6 ~J:U 


6 9........ :::::::: 17 45 1,50S 
 1,48H,:;:I; J.l!1.3 9.5 1,501.9 • HJ9 

6 10................ 14 53 1,512 I • .f8G-l, 5-37 135. I 9.0 1,50·1.8 .094 


1,·I83-1,5!ji 142.3 9.4 1,507.1 .0780 11. ............... 13 52 1,510 


1,48IH,5-12 146.6 9.7 1,508.9 .058 

7 1................ 
7 0................ 15 47 1,514 


12 51 1,515 I, 48i-l, 5·1!! 1-10.0 9.8 1,510.0 .037 


7 2 __ ... "« .. ~ • ....... "' __ II 51 1,49S 1, 4Uo-I, 527 lM.4 10.3 1,510.4 .012 


7 3................ 
 10 49 1,509 1,470-1, [':19 157.2 10.4 1,509.9 -.015 


7 4..............__ 9 48 1,506 1,478-1, r,:l-\ l-I7.4 9.S 1,508,5 -.046 


7 5..............._ 7 48 1, ·199 1,471-1,527 US.O 9.9 1,506.1 
 -.079 • 
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The average actual weights of the cows in the 30- to 8D-month age­
limit group were below the 5-percent fiducial limits for the average 
weights at 270 days of age in table 1 and at 12 months of age in table 
3, but they "were slightly higher than the average weights in table 3 
at 15 and 18 months of age. At most of the ages after 30 months, the 
average weights in table D,yere below those in tables 7and 8, but not 
below the 5-percent fiducial limits. From 18 to 35, 36 to 53, and 54 to 
71 months of age, the average weights in table Dwere 10.1, 11.8, and 
8.7 pounds, respectively, below those in table 8. Front 18 to 35 and 
36 to 53 months of age, the average weights in table Dwere 2.2 (md 7.6 
pounds below those in table 'I. 

There was considerable irregularity in the average actual weights 
for successive ages in table 9. The first average weight above 1,500 
pounds was at 78 months of age, and it appeared that the period of 
maximum weight was passing by at 80 months of age. 

The 5-percent flc1uciallimits for the average actnal ,,,eights in this 
age-limit group co\'e1' 'rider ranges than those in pre\TiOIlS group", 
largely because of decreases in \lumbers and only slightly beCftllSe of 
increases in the standard clevilltions. For example, the averages of 
the ranges bet\\'een the i)-percent flduC"iallimits for ,reights from :30 to 
35 months of age are 25.2, 29.S, :37.5, and 4:3.8 pounds, respedively, for 
the 35-, 53·, 71~, [md S9-month a!.!;e-limit groups. The twerages of the 
corresponding sttlnc1arcl deviations are 112.9, 1H:.5, 122.6, tlnd 127.2 
pounds.

• The l'elative llumb('l' of animals tlvltilable for each age-limit group 
WtlS affected by the policy of rrllloving cows from the herd as soon 
as they were no longer n('('de<1 for experinwntal (lata. Out of ·10n 
heifers at 12 months of age, only 76.8,58.3,41.8, and 27.5 percent wel'(' 
avajltlble for weighing at :3:). 5:3,11, ancl89 months of age, respectively. 
However, these ,.alues ar(' higher than COlTcsponding values for ;Tersey 
co"'-s at Beltsville ('7), Illueh high('l' than similar \-alues in th(' Rags­
dale (10) elata, and definitely lower than similar values for 89 months 
of age reported by Espe (.3).

In comparison with other standards, these 110 cows had an. avemge 
weight of 1,1500.·J ponncls for ngps fl'om 81 to 87 1110nths. At corre­
sponding ag('s, th(' III to ~,~ Uobtl'in cows in Espp's report (.J) had an 
ayernge maximulll weight of 1,1:16 pounds, and the 25 to 30 C"o\Ysin 
Ragsdale's report (if)) had an average maxi IllUIll weil!ht of 1,,1<)1 
pounds. J\foqrlln and Dayi::; (8) reported:ln average weight of 1,50!) 
pounds, for pcriods covcI'ing n months before and 3 months nHel' 
parturition, for the eighth or later 1aetations. 

• 

A comparison of the rat:rf; at \\'hi('h Holstein lWel .Tersev females 
approach matul'ity uuder like cOl1<1itions in the same hel'<1 '\'as made 
from these (hta, and from datil on the norlllal gl'owth of Jersey eows 
at the Beltsyille station (7). 'With lll:txinllllll estimated 'wights of 
1,091.8 pounds at SG l110nths of age for Jersey co\\'s and 1,510.'1 pounds 
Ht the same nge for Holstein ('0\\'8, tliC' pel'C'('nhlges of t])esC' m:lximnm 
weights attained by Jrl'scy :tnd Holstein femalrs, respectiyely, were 
47.14 and 4G.58 p('reent at 12 months of age, (jO.:37 and (\0.2·1 perC"('nt 
at 18 months, SO.5G nnd 78.99 percent at 30 months, and 02.22 and 01.7() 



22 TECTh'l"ICAL BULLETIN 1099 

percent at 48 months. These percentages show little reason for plan­

ning to breed Holstein heifers at a later age than Jersey heifers. The 

percentages of the maximnm weights attnjned by Jersey heifers at 12, 

15, 18, nlid 30 months o:f age were reached by Holstein heifers about 

7,6,2, and 74 days later. 


The rate,8 of gain in weight as shown by the estimated. daily gains 

in table D clecrea:-led gradnally to :"5:"5 111011ths of age, increased again to 

1:3 months of age, and then decreased to losses in ~weight at 87 months 

of age. .\11 alJno:-lt idC'lltical trend 1"ns ShO\nl ill a similar table in 

the report on the ,,"eights of J'ersey cows at Beltsville (7). It might 

be sllspected that conditio1ls of hC'l"{111lanagellll'llt or the method oJ ca1­
t"nlating the smooth ('l11'YP of ('stimatt'd \\"C'ig-hts was responsible to 

some extent for snch appar(,llt tl·('llcls. HowC'n>J', the average monthly 

.uains in the aYt'rngC' actual weights for 1-llIonth pel'io(ls (,C'lltPl'ing at 

:3:3,4-:1, 55,73, and 07 months oj! age were 15.!), :tG, -D,D, 4.7, and -1.6 

pounds, respectiYely. Th('se values show that ::;omething 1IIore than 

the methods of ealculatin,!.; the smooth CIIlT(> of (,f'tilllatC'(l wpights 

was responsible. for the low' ratl's of gain ut ;j;j months of age. At'this 

age, when estimated gains in ,,"eight. )\"el'<:' 10"', the relatiye numbers 

or cows on test were de('ret~siJJg and the pregnllncy score;; were passing 

n temporary peak Ilnd bl'glllnillg to decline. 


IrJ'l'gular trl'llcls in t11l' rutes of growth are shown also in the data 
rl'portecl by Espe (.i) nJHl Hagsdale (JfJ), eYen in th(> Hwrage gains fOJ' 
7-month periods. The da tn. from both SOlll'e'es shoi\"l'd low monthly 
gains in lI'eight forl-lI1onth [)('rio(];.; ('pJJ!('J'ill,!!' at :lO and ,),2 Illonths • 
of ag(' and 10s5(>s ill w(>ight 1'01' ppriods (,(>lltpring at 6:1, 72, and S'i . 
Illontlui of age. RC'lutiyply high gains fOJ' C'O\\"S O\'PJ' oj }"('urs old ,,'ere 
fonnd for 't-m011th pel'~iods ('elltering at 18 llJonths of age. 

FROM 48 TO 107 MONTHS OF ACE 

Dabl that were a\7ailable on fifj HolMpin ('OWS from birth to 107 

months of age made it possible to study the chunges in weight at ad­

nlllcecl ag<:'s. The data from J8 (:0 107 months of age on these cows 

are shown in table 10. 

The (tYl'mge aetual \Yeights in early JiJ!p of the cows in the 48- to 
lO7-month age-limit ,!2,TOlJp were Illllch like those in the ;lO- to SD-l1lonth 
age-limit group. 'fIIPY were slightly below tI](' ii-peJ'cC'nt fiducial 
limits in t,ablc 1 for awrngc weights at 270 and :Hi5 clays of age, 
but they were 5 pOllnds n bo\"e the a \'cmge ,\"cights at 1S months of 
age in table 3. 1'110 aY(~rag(' weights of th<:'se ('OWS from 18 to 35, 
:36 to 58, 54 to 71, and 72 to 8D months of agp were ,H, 22.5, 13.7, 
and 2.0 pounds lower, r('spc('(-in>ly, than tIl08<:":;;howlI ill t'able D. The 
avel'age weights from 4·7 to 6:3 months oj! nge were bC'low the 5-pcrcent 
fiducial limits shcmn in fable H, and the aYemgC' \\'(,ighis at these ages, 
some a"(,l'nge weights at ('adier ages, a1Jd th I a\'C'ragl' weights from 
67 to 65 months of age W(,J'(, bp]o\Y the ;J-pPrc('nt fjduc.ia11imits hl table 
8. Since the!'e was 1(1ss difl'Pl'eJJ('(' I)('(:\\"('('n th('se ngl'-lilllit groups at 
older ages, it is possiblp (lJnt the clilJ'l'rence at these earlier ages was • 
largely dne to dilfC'],<:'Ilf: Pl'Ott'rluJ'cs in feeding alld lllllnHgpmenL 
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TABLE lO.-Gr01cfll hi 'u;eight tor 55 Holstein COles Irom 48 to .107 month.~ of age 

Estimated 
Stand­ Coem- standardsPreg· Cows Aycrage 5-pcrccnt

Age nancy on actual fiducial ard c~O;:~~n~f 1------,--- ­devin­score tcst weight limits tion tion DailyWeight gain 
---':-----1--------------- ­

Year-Mollth Percell! poundsl Ponllds POUllds Percrn! Ponnd., Pounds4. 0________________ • 
9 38 1,335 1,295-1,375 147.9 11.1 1,362,64 L ____ .._________ . 1 

12 33 1,349 1 I, 30S-1, 391 152.8 11.3 1,362.0 -0,020 
14 27 1,361 ! 1,321-1,401 148.1 10,0 1,362.3 .007

4 2_______________ _ 
4 3___________• ____ _ 

16 27 1,3n, 1,330-1,417 161. 9 11.8 1, aBa. 2 .0:124. 4. ______ ..... __ __ 19 25 1,374 I 1,33:1-1,415 152.3 11.1 1,364.9 .0554. 5_______________ _ 
19 I 25 1,372 I I, :134-1,410 140.4 10.2 1,367.3 .076 

4 6_______ - ______ •. 
23 ! 22 1,393 ! 1, 3fii-l, 429 132.0 9.5 1,370.1 .0954 7 _________ ...... __ 24 20 1,409 ; 1,372-1,447 139.3 9.9 1,373,6 ,]]24. 8______________ __ 
22 18 1,3U7 , 1, 3.;f,..1, 4~9 , 152.2 10.9 1,377,4 .1274 9__ •_________ • ___ _ r' 18 1,379 f 1,:141-1,418 I 142.3 10.a I, :J81. 7 .1404 10_____ ,. 1~ I__ 

4 11. _______________ _ 

5 0. __________ • ____ _ 
5 ]. _____________ • __ 
5 2______ . _________ _ 
5 3. __________. ___ __ 
5 4__ • •• _________ _ 
5 5._ •.• __________ __ 

15 I 

]4, 
13 1 

HI'15 

15 
13 

13 
15 
15 
11 
13 
13 

1,37.1 : 
1, 376 1 
1,398 I 
1,408 
1,400 1 
1,411 • 
1,1,413 

418 1 

1, 3:lS-1, 412 
1, a3S-1. 415 

1,361-1,436 
1,369-1,448 
1,360-1,440 
1,369-1,472 
1,377-1,459 
1, aS0-1, 446 

1ar"9 
142.0 

138,2 
145.9 
148.1 
152.7 
152.4 
123,8 

10.0 
10.3 

9.9 
10.4 
10.6 
10.8 
10.7 
8,8 

l,a86.3 
1,391.2 I 

1,396,4 I 
1.401. 7 
1,407.2 
1,412.9 
1,418.6 
1,424.3 

.152 

.161 

.169 

.176 

.181 

.18S 

.187 

.188 

5 6__ . ______ ._•• _•.
5 L. ______________ _ 
5 8__________ . _____ _ 
5 9______ •___ •______ , 
510____________ ._ . 
511 __ •. _____ ._ .... __ \ 

~~ I 
2:1 
19 
10 
15 

13 
16 
20 
22 
24 
29 

1,43-11
1,444 
1,427 
1,434 
1,434 
1,439 

1,399-1,470 
I, 401H, 48.1 
1,390-1,4IH 
1, :194-1, 474 
1,396-1,4i2 
1,405-1,473 

130.7 
146,0 
135.8 
147.1 
140.7 
125,7 

9.1 
10.1 
9.5 

10.3 
9,8 
8.7 

1,430.0 
1,435,7 
1,4-11.3 
1,4-16.7 
1,452.1 
1,457.3 

.188 

.186 

.18-1 

.180 

.176 
,171 

~ 
6 
6
G 
6 

! 
?:::::,::::.::::::i
') 13:::-::::'::::::--'
4__ • __ ,•• ­ ___ __ 
Ii ____ ,. ­ ______ _ 

13 
11 
12 
8 

l8 I 

35 
36 
42 
51 
53 
51 

1,45-1 
1,450 
1,465 
1,46-1 
1~·'72 
1,491 

1,419-1,487 
1,417-1,48.1 
1, 42s-.1, 502 
1,421-1,50,1 
1,435-1,509 
1,45.1-1, .129 

126.9 
12:1.6 
138.3 
148,0 
13G.2 
139,8 

8.7 
8.5 
9,4 

Ig:~ ; 
9.4 I 

1,462.3 
1,41i7.1 
1,471. 6 
1,476.0 
1,480.0 
1,'183,8 

.104 

.157 

.150 

.142 

.133 
,124 

(i 6___ _ 
6 7.. _ 
fI 8.. 
6 0•• 
6 10•. __ 
6 11 •• _ 

17 
19 
17 
18 
17 
14 

49 
45 
47 
53 
58 
60 

l,50a 

~:1,507g5~ I 
1,514 
1,510 

1,461-1,542 
.1,481-1, .;61 
I, 4ni-1, IMi 
1,4(;7-1,5-17 
1, ·roS-1. 550 
1,4ia-l,IMG 

145,6 
148,6 
147.1 
149,0 
1:J:1. 0 
134.2 

~ I 

~:81'9.S 
9.9 
8.S

8.91 

1,487.2 
1,490.4 
1,493.2 
1,49.5,S 
1,498.0 
1,499.8 

.114 

.104 

.094 

.osa 

.072 

.062 

7 

7
7 
i 
7 

O~ 0'. 

1._ 
2....... 
~_.. __ _ 
4 .. _._ 
.:; .... 

17 
15 
8 

10 
S 
7 

49 
55 
53 
45 
42 
44 

1,515 
1,520 
1,493 
1,502 
1,494 
1,489 

1, -lir,..l, 5,,4 
1, 4So-I, 5GO 
1,450-1,5.16 
1, -I5n-1, 5-1,1 
J, 45,1-1, 5:115 
1,-1-14-1,534 

14-1.15 
1'1i,9 
159.6 
157.5 
15:3.4 
166,0 

9,5 
9.7 , 

10,7 
10,5 
10.3 
11.2 

I, .501.4 
1,502.6 
1,503.5 
1,504.1 
1,50-1. 3 
1,50,1.3 

.051 
,040 
.029 
.019 
.009 

-.001 

7 (L_~_ 

7 7~ ...... ~_7 8___ __ 
7 9_____ _ 
7 10___ __ 
7 11. __ __ 

8 0 __ .. 

j 

i 
S 1._._ j
8 2. ______ -- __ .... __ : 
8 :1 •• _, .. _ ! 

g L:::::~::::::: I 
g ~:::::::::::::::: I 
g g:::::::::::::.: I 
810---· .. ····----·--1811. __ ._. ____ , ___ __ 

10 
1:1 
13 
]6 
21 
17 

21 
12 
13 
12 
12 
11 

13 
12 
8 
o 

11 
12 

42 
44 
38 
38 
20 
25 

29 
27 
25 
25 
25 
25 

25 
25 
24 
20 
18 
16 

,1,500 
1,507 
1,500 
1,503 
1,517 
1,503 

1,510 
1,475 
1,47.1 
1,487 
1,470 
1,-179 

1,'183 
1,482 
1,469 
1,478 
1,489 
1,'192 

I,·15H-I,5-I5 
.I, 4IH-I, 551 
1,4,,5-1,5·1S 
1,4.57-1, S·IO 
I, -171-), 562 
1,45s-1,548 

1,467-1,564 
1,429-1, ,,20 
I, 42s-1, S22 
1,442-1,5!12 
1,4:13-1,518 
I. -13,1-1, 52,1 

1,437-1,529 
1,43,1-1,5:10 
1,421-1,5IG 
I"laO-1,520 
1,4-11-1,5-18 
I, '143-1, f>l2 

lfH.5 
161.9 
166.3 
169. I 
lG9.0 
166.1 

178,8 
108.1 
178,2 
166.0 
157.0 
166.5 

170.2 
177. 2 
177.2 
178.3 
liD. I 
182.4 

11.0 
10,7 
1l.1 
11.3 
11.1 
11.0 

11.8 
11. 4 
12.1 
11.2 
10.6 
11. 3 

11.5 
12.0 
12.1 
12.1 
12.0 
12.2 

I, ,>04.0 
1,503.4 
1,502.5 
1,501. 4 
1,500.1 
1,498.6 

1,496,9 
1,495.1 
1,493,1 
1,491. 1 
1,489.0 
1,480.8 

1,484, 
1,482. 
1"IS0, 
1,478. 
I, <tii. 
1,·17,'i. 

-.010 
-.020 
-.028 
-.036 
-.043 
-.050 

-.0,,5 
-,060 
-,Orrl 
-.067 
-.069 
-.070 

-,070 
-.068 
-.065 
-.Olil 
-.0(i5 
-.048 
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The coefficients o:f variation increased considerably after 83 months 

of age. The standard de"iations continued to increase while there 

was a gradual decrease in the Rverage ,wights. 


In this age-limit group, the highl.';::,t estimated weights occmrecl .' 
at 88 months of age. The highest T consecutive average actual ,,"eights 
were from 7D to 85 months of age, but most of the average weights 
conthlUed at 1,500 pounds or n10l'e until after D6 months of age. 
Both the esUmated weights and the aWl'age actual ,wights continued 
to decline during nll or nearly all of the l'emnining ages in this 10t­
month age-limit group. 

Fon 124,- AXD 14.2-rdm;TH ACE-LIMTT Gnoups 

The data for older Holstein ('ow" WE-I't' ('ol](lemicd and combined 

in table 11 for the purpoHP of studying the 'H'ight changes at more 

advanced ages. The data for nycrage aetual 'wight, pregnancy score, 

and reJatiye number of CO'YS on test are a \"el'ngl's of the values for 

3 consecutive months eenterinQ" on the age in l1lonths indicated. The 

estimated weights were raleufated by nlol1ths in the same manner as 

those for other age-Emit grOllps, but onl,r the .. alues :for the specifjed 

months are shown in table 11. The ('stilllated (laily gains in ,,,eight 

are for the months inclicatC'(1 instead of an aVl'rage for a 3-month 

interval. :i\Iensures o:f nU'iatiou arc not pl'eseuted ill this table. 


The cows in the l~-!-mOllth age-limit gronp \\-ere definitely lighter 
Uum those in previous age-limit groups from shortly aIter birth. • 
Theil' average actual weig11ts were below the 5-pel'eent ficludal .limits . 
in tabJe 1 for average ,,'eights at DO, 180, ancl3G5 days of age, and belo\\' 
those in table 3 for (tverage weights at 18 months of nge. At other ages 
their weights were below the 5-percent fiducial limits for average
weights shown in table 9. 

The cows in the 14:2-month age-limit group ,.-ere belo'w the 5-percent 
fiducial limits for avernge weights in table 1 at birth, and at HO, IS0, 
and 365 days of age, but they were above the average weights at 18 
months in table 3. At older ages the average ,,,eights for this group 
were defiuitely above those in the 124-month age-limit group and some 
of the previous age-limit groups. 

Neither the averagenol' the estimated weights in the 124-month nge­
limit group showed any indication of nn end to the trend toward lower 
average weights witll advance in age. The 142-month age-limit group 
showed slight gains in estimatedlYeights after 132 months of age. The 
lowest average weights occurred from 120 to 12,1 months of age. 

The coefficients of variation were a .little hiQ"h for cows in the 124­
month age-limit group, especially aIt{)r 85 lTlonths of age. On the 
other hand, the cows in the 142-month age-limit group ha(T high ('oeHi­
eients of variation from 86 to lOS months of age, but they 'were no 
higher than any other group :i'rom then On. 

• 
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T"\nLE 11.-G1·oIVth in 1fJci[lht jar 111:0 flrOIl}J8 of 0](11'1' lIolstein cows 

124-:IION'f"H AGE-U;HI1' GROUP (!W COl,S) 

}~stilIlatcd standards 

• 	 142-~10~'1'H AGE-LfMI1' GROUP (15 OOWS) 

.5 0 ____________ • ______________ I 

S 3_. __ •_________ • _____ • ____ _ .. ---- 11 1,412
16 


.. - ...."+5 6__________________ .. ____ •• _ I6 0 1,422 

,) 9___ • ___________________ •__ _ ---<0- 17 16 1,436

-·---1 18 27 1,441l 

6 0____• ____ •••• _____ • __ .. ___ _ 

-- ....._j 13 40 1,457
6 3. _________ ."_ .. ,, ...... __ . .. ",--- 13 50 1,18.56 6 ___________ •• __ •___ ... ___ __ 

.--~ ..; 16 53 1,507
6 9. __ • _______ . __ ..... __ ...• __ ........... 14 56 
 1,502 

7 0______ • __________ • __ • ____ __ 
7 	 :l _________..... _••• _______ __ -----, 16 42 1,519 


----"1 5 51 1,499
7 6____.... ____ • ___ •••• _._ .... 

7 9_. ____ • ___ ......__ .. _. ___ ._ ~---- f 12 42 1,531 


.. ---- 14 42 1,534 ,I 
8 0____.... _...... __ ......... . 
 21 38 1,5.57
8 3_ .... ___ ....... ___ .. __ ... .. 
~::::l 14 27 1,528
8 (i. ______ ..... _....... __ • __ __

8 9______ .. ______ .. _________ __ .... _--t 11 27 1,493
-- .. .. , 12 16 1,508
~ 

:9 0_____ •_____ ••• ,,_ .....____ _ ----., 12 18 1,503
9 :L _____ .. __ .... __ .... __ •__ •. .......... , 14 18 1,479
9 0___• __ ........ ____ ....... .. 
~ 


.... -- .. 20 13 1,512
9 D••____ •• __ • __ .•• _....... ..
...... _- , 15 11 1,406 


10 0_____ ................. _"'" 
.. ---- 8 9 1,45810 :l. ________ .......... _... __ •. 
.-- 4 7 1,442]0 6.. ____......... __ . __ •.•. _ 
 14 7 1,474

17 2 1,501


.10 9.. ______.. ___ ...... __ .. 


,
11 0•• __ ........_._ ........... . .. , I,)
", 7 1,49611 3....- ___ ._ ... ___ .... ____ ....
11 6. _____________ • ___________ _... ---- II 7 1,470-_ ....... 12
11 9.. ______...._.____________ • 	 13 1,475


---.-! , 12 13 1,471 


Weight I Daily gain

---1--­
PO/lnd. ! POlwd.1,308_ 9 _____________ _ 

1,389.3 0.222 

1,408_ 0 . 211 

1,427.3 .190 


1,444.0 .177 

1,458.8 .155 

1,471. 5 .130 

1,481.8 .104 


1,489.7 .07; 
1,495.0 .049 
1,~:9i. 9 .022 
1,498.3 -.004 

1,496.3 -.029 
1,492.3 -.0,52 
1.486.4 -.Oil 
1,478.9 -.087 

1,472.0 -.098 
1,400.8 -.105 
1,451.2 -.105 
1,441. 8 -.100 

1,433.4 -.087 
1,426.0 -.007 

1,398.7 

1,120.3 .23ii 

1,430.9 .207 

1,457.5 .184 


1,472.9 .161 

1,486.2 .138 

1,497.3 .114 

1,500.3 .091 


1,613.2 .00is 

1,518.1 .046 

1,521.1 .026 

1,522.2 000 


1,521. 7 -.011 

1,519.7 -.027 

1,51fi.4 -.041 

1,512.0 -.05'2 


1,506.7 -.001 

1,500.8 -.00i6 

1,494. fl - 008 

1,488. " -.007 


1,482.5 -.002 

1,477.3 -.05'3 

1,473.2 -.04o 

1,470.0 -.022 


1,469.9 000 

1,471.6 .028 

1,476.1 .01iI 

1,483.9 I .ono 
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INFORMATION FROM ALl AGE-LIMIT Gnoups 

Although a continuous grmvth standard from bil'th to old age would 
be desirable, cHfferencf,s in the n;verage actual 'weights at the same a.ge 
for animals in different age-limit groups prevent the joining of the 
several curves of estimated weights. 

However, n snmmarizntion of the average actual weights of Hol­
stein femnles in the Beltsville herd is given in table 12. These average 
weights include data previously omitted because of age-limit group 
requirements and a considerable amount of data obtained since the 
standards were calculated. Twins and inbred animals were not 
included for comparison, 

TAllLE 12.-A'l'rl'fI(/e 'lcei(f7It,q of HolMrin (,()I(,.q 01111 71r'ifrrs in tile Beltsl'ille hel'(l 
lrit7/ollt n'{/II}'c7 to (/!/C'-lilllil [j}'0IljJ8 

Esti­Avemgl>HolsteinAge actual st'~~\~~\l II'...- Age Holstein ~~~~,~e st'?,'nfidt~drdfemnles weight femules weight u 

weight I: weight
------\------1---:1------------------

INnmber Ponntis Pounds ',; Years N,wlber Pounds POlL71ds
At birth _________ ._ 486 95 93,6 ,ii' L. ____ . ____ •______ 488 713 711.5H!L.._____________ _ 461 912 909,8 

I 
399 1,129 1,114.7

30_. ___~~~:·: ____ .. _ 488 • 117 118.1 Ii ~l!' ~::::::::::::::: 300 1,19·1 1,193.1
60 ... _. __ ._. _____ . 488 159 159.5 3.. _•. _. _....... __ 360 1,204 l,a05.0 

295 1,385 1,386.0igo- _:::::::::::::::1 ~~~ m m:~ ~ :::::::::::::::: 1,4:JU248 1,·128.2 
270 ... _________ •____ , 488 t 559 557.0, ~ ____ :::::::::1 194 1,476 1,46:1.4 

148 1,502 1,508.9
I ,8 ----- .... ------- 92 I 1,493 1,496.9

-----_.'----_...--~ -_.-

At most ages the average actual 'weights shown in table 12 are in 
close agreement 'with the estimated standard ·weights. However, the 
average weights are higher at 2 years of age, when n greater propor­
tion of the anim(tls were in advnnced pregnancy. At 5 and 6 years 
of age, the average weights in table 12 are higher than either the esti­
mated stnndards or the average weights from which the standards 
were calculated. 

Analysis 'of variance was used on the datn from 372 Holstein heifers 
at successive ages (in months) in order to estimate the earliest age at 
'which there were significnnt differences between the average weights 
for different stages of pl:egnancy and lactation. The vn,rin,nce ratios 
for 15, 16, 17, 18, 19, 20, 21, 22, and 23 months of age were 0.89, 9.14, 
5.4:5, 9.69, 13.51, 13.79, 18.45, 21.40, and 20.05, respectively. All but 
the first were highly significant. Thus, there appeared to be signifi­
cant differences at 16 months of age between the weights of 54 Holsteil1 
heifers that were pregnant more than 45 dnys and 318 heHers that were 
not. However, these differences may have been partly due to a tend­
ency for smaller heifers to conceive at a later age. Another study on 
the weights of most of these same heifers showed that the average 
calving age of 47 heifers wllOse weights at 15 months of age wonld 
If~ave53belen'f~racled] lor 2,. w]as aboll t 2 l110nt1ls later thall the avel'ag,e 
or 11 1 been gra 1 v or l O 1:1­leI ers w lOse WClg lts wou Clave dec· . 

significant difference in the weights of Jersey heifers at Beltsville 
(7) was not found unti118 months of age. 

• 


• 


•... 
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Similar tests with analysis of variance were made on the differences 
between the average weights 'Of cows and heifers at different ages (in 
months) during various 18-month periods from birth. In the 35­
month age-limit group, the variance ratio for the effect of age was 
8,957.15 for the period from birth to 17 months of age and 314.06 for 
the period from 18 to 35 months of age. In the 53-month age-limit 
group, the variance ratios were 235.15 for ages from 18 to 35 months 
and 14.07 for ages from 36 to 53 months. In the 71-month age-limit 
group, the variance ratios were 9.44 for ages -O:'om 36 to 53 months and 
1.66 for ages from 54 to 'n months. This last variance ratio was 
significant, but not highly significant. 

In the 89-month age-limit group, the variance ratios for differences 
between monthly average weights during 1S-month periods ending at 
53,71, and 89 months of arre were 6.28, 2.01, and 2.58, rrspectively. AU 
were highly significant. However, these results may include the effect 
of other conditions, such as differences in the number of cows on test. 
In the 107-month age-limit gronp, the variance ratios between average 
weights at successive months during 1S-month periods ending at 53, 
71, 89, and 107 months of age were 2.12, 1.30, 1.3S, and 0.41, re­
spectively. The variance ratio for the period ending at 53 months of 
age is the only one that is significant. 

• 
STANDARD FOR ASSIGNING GRADES TO THE WEIGHTS OF 

HOLSTEIN COWS 

A standard for assigning grades to the weights of Holstein cows 
was produced by combining the results of a number of different tabu­
lations and computations. The estimated stanchtrd weights in tables 
5 to 10 were not used. They provided no way of estimating the effects 
of different stages of pre~nancy and lactation on the weights of in­
dividual cows, nor the effect at different ages on the standard itself 
of different numbers of cows on test or in various stages of pregnancy 
and lactation. Therefore, the data were tabulated on an entirely 
different basis. The results of various steps in these tabulations are 
shown in table 13. 

The first step was to adopt the average of the first 10 monthly weights 
in a lactation as the basic measure of a cow's weight. This provided 
a control of the effects of lactation and, to a large extent, a control of 
the effects of pregnill1cy. However, differences in the intervals from 
one calving to the next may haye resulted in a varying pregnancy ef­
fect on the weights fol' the 9th or 10th ll10J1th after calving. The aver­
ages of 1,039 such basic lO-month weights from cows calving at differ­
ent ages are listed in table 13. The age of it cow at the time of the fil'f;( 

of 10 monthly ,,'eights was used as the basis for expressing the cow's 
age. In general, the ages nsed in table 13 may be about 15 days older 
than the llverage calving age. 

The irregular changes between average weights for successive arres, 
llnd the realization that a larger percentage of the cows were on offi~ial 
test at some a~es than at others, demol1stmted the need for finding 
some other metilOd of measuring the efl'ect of age. Therefore, the ef­
fects of age were measured by difference between the basic 10-month 

http:8,957.15
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TABLE 13.-Duta usea -in culculating estimutecL stamlaras for averuge 1veigltt of 

Holstein cows a/trinfJ the fir8t 10 mOllth8 of a lacta.tion 


Weigbt cbanges between lactations Estimated values 
Average of firnt10 �--------------~-------.-------I-------~------­
monthly weights

after calving Cows represcnted 

.~ge nt time of firnt in­ •monthly weight 1--------,--------1-------;--------1 Gnin per Cuth'~la- CUti~,~la- Stal?dard 


. .SlICCCS- IAlternate month gains gains weights 

Cows Weight SIV~ lacta- lactations 


~n_~.J____________I-----­
Yeur-Month Nllmber POlLnc/s Nlilllber Nl£1/Iber POllnds POllnds i POl£nds POllnds1 11 _______________ __ 

72 0_______________ __ 1,170 ---------- ---------- ---------- ----------1 -4.3 1,127.81,164 5 __________ 10.4 10.4 9.4 1, BO.9652 1________________ _ 
61 1,100 35 2 12.6 23.0 22.7 1,154.22 2________________ _ 
40 1,183 59 7 12.2 35.1 35.7 1,167.2

2 :i ________________ _ 28 1,2'26 76 7 12.1 47.2 1 48.3 1, li9. 82 4. _______________ _ 29 1,194 89 9 11. i 58. 9 , no. 5 1,192.02 5_______________ __ 
27 1,103 98 9 11.5 70.41 72.4 1,204.02 6________________ _ 
9 1,249 106 10 11.5 81.9!

I 
S4.0 1,215.52 7________________ _ 12 1,254 107 11 11. 4 93.4 i 95.2 1,220.82 8 ________________ _ 

6 1,255 108 14 11.3 104. i 106.1 1,237.0 
2 10 ________________ _ 
2 9________________ _ 

7 1,301 110 14 11.3 116.0 116.7 1,248.2 
7 1,3·10 112 14 11.2 127.2 126.9 1,258.52 ll ________________ _ 
5 1,323 114 15 11.1 138.3 130.9 1,20S.4 

3 0________________ _ 7 1,238 116 15 11.0 149.4 146.5 1, 2iS. 0 
3 2________________ _ 
3 L _______________ _ 

9 1,385 116 17 10.8 lno.2 155.8 1, 28i. 3 
3 3________________ _ 23 1,313 115 18 10.7 liO.9 164.8 1,296.4 

26 1,362 104 18 10.2 lSI. 2 173.6 1,305. I 
3 5________________ _ 
3 4_______________ __ 

25 1,368 95 18 9.4 100.6 : 182.0 1, :113.5 
20 1,329 94 20 8.3 199.0 I 190.1 1,321. 7 3 0________________ _ 
26 1,361 88 23 7.S 206.8 ' 19S.0 1,329.53 7_______________ __ 20 1,319 89 25 7.0 213.S 205.6 1,337.13 8_______________ __ 
17 1,311 90 26 6.2 220.0 213.0 1,3H.53 9________________ _ 
17 1.317 92 28 5.7 221i.7 220.0 1,351. 53 10 .._____________ __ 
15 1,382 9{ 31 5.4 231.1 226.8 1,3.18.43 ll _________________ 
15 1,383 95 32 5.1 236.3 233.4 1,364. 9 

4 0_________________ •7 1,415 89 34 4.8 241.1 239.7 1,371. 2 -I L _______________ _ 
6 1,372 91 34 4.6 245.6 245.8 1,377.34 2________________ _ 
9 1,336 93 3-1 ·j.5 250.1 251.6 1,383.14 3________________ _ 

10 1,382 91 3:1 4.5 254.7 257.2 1, 3SS. 74 L ______________ __ 
17 1,397 87 35 4.5 259.2 262.5 1,394_14 5_________________ 
12 1,389 87 35 4.2 263.41 207.7 1,399.24 6 _________________ 
21 1,376 88 37 4.1 272.6 1,401.14 7_________________ 

4 8________________ _ 14 1,382 88 35 ,1.3 ~~r:~ i 277.3 1,408.8 
18 1,3m 86 34 4.3 281.8 1,413.34 9_________________ 270.1 I 
14 1,419 82 35 .1. 2 280.3 286.1 1,417.64 10 _________________ 
14 1,409 80 36 4.3 28-1. 7 290.2 1,421.74 11 .. ______________ _ 
14 1,385 72 ·10 4.3 280.0 I 294.1 1,425.6 

5 0_________________ 
II 1,3(;9 68 ·Il 4.1 293.1 1 297.8 1,42<J.3 

.; 2_________________ 
5 1. ______________ __ 

6 1,409 66 41 3.9 301.3 1,432.8 
5 3________________ _ 13 1,399 64 41 3.9 ~~:8 : 304.6 1,430.2 

12 1,4J.l 63 44 3.5 304.4 ' 307.8 1,·139.35 L ________________ 
5 5________________ _ 12 1,436 56 41i 3.-1 307.8 I 310.8 1,442.3 

9 1,510 51 47 3.4 311.2 313.6 1,4·15.1
[) 6 _____ ... ___ ... _____ ....5 7_______________ __ 9 1,'lll 41i 4·1 3.1 314.4 3IG.3 1,447.8 

12 1,412 45 41 3.0 317.4 318.8 1,450.35 8________________ • 17 1,419 37 42 3.2 320.0 321.1 1,4.12.6 
12 1,444 38 4·j 2.5 323.1 :123.3 1,454.8

5 9________________ _ 
5 10 ______ •__________ 9 1,453 37 44 1.8 32-1.8 32.5.3 1,456.9
5 11...-.-_---______ _ 13 1,4i3 37 43 1.7 326.6 327.2 1,458.8 
6 0__________ • _____ _ 

8 1,309 38 43 1.6 328.:: 329.0 1,460.56 1. _______________ _ 
9 1,41i5 40 42 1.6 329.8 330.6 1,462.16 2_________________ 
7 1,502 40 41 1.5 3:n.3 332.1 1,46.1.66 3_______________ __ 
8 1 ·!GU 39 40 1.2 3324 33:1. 5 1, 4f..,. 0 

6 5_______________ __ 
e 4_______________ __ 

7 1:590 39 38 1.1 333.5 334.8 1,466.3 
4 l,a79 38 37 1.0 334.5 3.15.9 1,467.. 46 6______________ .._ 

6 7________________ _ 5 1,5:15 36 37 1.0 335.5 3:10.9 1,468.5 
6 8________________• 6 l,453 36 37 1.1 336.6 337.9 I, -lOG. 4 
6 9________________ _ 9 1~ 450 36 35 1.4 338.0 3a8.7 1,·170.2 
6 10 _______________ __ 12 1,520 37 35 1.6 :139.6 339.4 1,470.9 
6 11 _________________ 11 1,466 35 34 1.0 341.2 3-10.1 1,471.6 

9 1,480 31 33 1.5 3,12.7 340.0 1,472.1 
7 0_______________ __ 
7 1________________ _ 2 1,465 29 29 1.3 343.9 3-n.1 1,472.6 
7 2_______________ __ 8 1,497 27 29 1.1 3·1.1.0 341.4 1,473.0 
7 3_______________ __ 10 1,410 25 29 1.1 346.1 341.7 1,473.3 
7 4________________ _ 2 1,535 26 25 .3 :1,111.4 342.0 1,473.5 

5 1,482 27 25 .2 346.6 342.1 1 4i3.7 
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TABLE 	13.-Data uscd i/l. caTcuTatill!J c8ti/ll(ltc(L Stlll1(T(ll"{l8 for a'/;era!Jc lcci!Jht, of 
HoTstein COICS durin!J tTlc {irst, 10 months of (t Z(/ct(/tion-Continued 

I Weight changes between lactations Estimated ¥aIues 
Average of first 10 

montblyweights I I Iafter cah'ing Cows represented 
.-\ge at time of first in­

monthly weight Gain pc Cumula· CU,?UIIl'jStnndard 

Cows II Weight \Si~~~~.!Alter~ate month r I i!i;s :~i~ weights 
tions lactatlOnS ,j----11----'--1--------- ­

7 5:~'.a.r::\!~~:~.....! NILmlie3! Pot~ J Nitmhir 1Num':.t{ POILn~i! PO~~6~ PO~l'l; lt~~~·:7 

~ t:.::::::::::::l ~ : H~g ~ ~~ ! 21}S8~ I -J I !~H 'I: ~iH H~H 
7 9•• _ ... , ........ ' 2 i 1.513 21; 1-, i. -.3 ~ 3~6.3 3,12.0 1.~73.5 

710.... , ........ 1: 1.~03 24 ! -.5 i 3,15.8 341.8 1,473.4 

7l1 .... " .........1 7 i 1.427 24 16, -,5, 345.3 341.6 1.473.2 


8 0... ............ 3' 1,:;54 22 ' 12 I -.6 II 3-1-1.6 II 3·11.4 1, ~i2. 9 

8 I ............... i 9 i 1.438 i 20 192! -.7 344.0 341.1 1,472.6 

8 2...... ......... 4 1.~60 , ~_)33'. i - 8 3~3.2 340.8 1.~72.3 

8 3............... 3 1.~·1O 7 -1.2 3~2.0 i 340.~ 1.-1.71.9 

S ~. __ ............ 5 1.~1l 2.3 6 -1.1 I 3~0.9 340.0 1,471.6 

8 5.•."......... 2 1.:142 23 :; -1.0 330.9 339.7: 1.471.2 

8 6••• , •• ' ....... " 1 1.539 23 5 -.8 339.0 339.2 l.470.8 

8 7... ............ 4 1.365 22 5 -1.0 I 338.0 3.18.8 1,4.0.4 

8 8............... : 5 1.-148 20 5 -.9' 3;)7.1 3.38.4 1.469.9 

8 9... ............ 2 1.385 19, 5 -1.21 3Y.5.9 3:18.0 1.469.5 

810__ ............. 1 1.315 19 4 -1.1 3y~.~ 337.5, 1.469.1 


1811............... ' 1 1.521 19, 4 -1.1 i 3.13., 337.1! 1,468.6 


• 
9 0 ~ 1, Cl.15 ' 18 i -I -I. 1 I 3:32. 7 336.7i 1 4t'S ~ 
9 1:::,:':::::::::: 4 U6S 19 ' 4 -.8 331.8 I 336.2! 1;4fl7:S 
9 2... __ .......... 3 1.315 21 2 -.1 3~1. 7: 335.S' 1.467.4 
\) 3•••_............ 1 1. fi85 21 2 .0 331. 7 3:15.4 t 1.467.0 
9 4............__ .. 1 1.50. , 21 2 .7 332.4 335.1 1.4fm.6 
9 5... ............ 3 1.339 20 2 .9 33:3.:1 334.7 1,466,2i 

9 6... ............ 1 1.511 IS :;.1 .8 334,0 334.4 1.465.9 

9 7... ............. 31' 1,394 17 .3 334.3 334.1! 1,465.6 

98............_... ! 2 1.3~, 16 ?f -.6 :1:13.7: 333.8 1,465.3 

\) 9................ ! 4 1.351 15 2 -.9 3:12,8! 3;)3,6 1.46.5.1 

& 10... ............. 3 1.412 i ll~_) i 2 -.9! ?~1!~:99 3~~333'.~ 1.464.9 

9 11. ••• , .......... ----....-.:.......... 2 -.0 I _I 1.-I.f>4.S 

? !10 0... 	... ........ ::. I 1.39S 12 2 i -.0 i 331.9 333.1 ) 1,464.7 

10 I............... 1,2.0, 13 11 .11 3:12.0' 333,1 1.464.0
'0 

10 2... ... 1 1.62.8 11 1 I .6 3:12.6 I 333,1 1,4f>4.6 
10 3... ......... .......... .......... 10 11 -.2' :1;)2.3; 333.1 i 1. 4f>4. 6 

1,464.710 4.. "" " ..... 2 1.376 1.0 ' {}11 -.2 [li:} i ~~U 1.46~.9l& ~::: :::::::::::. · ...... ·2· ""i;ilsr,' ~ -:~ :l32.1! 333.6 i 1.4fi5,1 
10 7.. 1, 1,327 8 .5 ;!32.6 f :133.9 1.465.4 
10 B... l' 1.5.12 S 1.2 a:13.8 i 3:1-1.2, 1"165.8 
10 9..... , .... ". .......... ........ 7 2,0 3:1~.~ i :13,1.7; 1.46G,2 
10 10.... ... •........... __ , .... " 7 1 ! 2.0 3.1 •• " :13.1.2 1.·1116.7 
10 11... .... 3 i 1.42.~. 7 I 2.0! 339.7 I :l:\5.S! 1.467,:! 
11 0.......... _ ." ........... ,......... ' S 1; 2.0 3-11.7! 336.4! 1,467.9 

weights of individual cows fot' two eOllSecuti\Te hetatiolls, when the 
cows were on test in both ladations Ol' not on test in both lactations. 
'Vhen cows were alternately on test and not on test in consecutive lac­
tations, the eft'ed of age was me~lsurecl by differences in the basic 
IO-month weights of the first and third, or the second and fourth lacta­
tions, and so 011, provided the cows \yere on test in both lactations or 
were not on test in both lactations. Weights from 375 pah's of consec­
utiye lactations and 70 pairs of alternate lactations were available for 
studies of the effect of age. 

TIle gain or loss in weight for each cow wllS divided by the number 
of months between the lac·tations, and these monthly :rains or losses 
were tabulated for ('neh of the illl:ervenin~ months. The numbers of 
cows represented at each age by th('se ta(ml:ttions are shown in two 
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eolunms in table 13. In calculating the average gains from both con­
~ecutive :md alternate lactations, the tabulated total weights :mc1 num­
ber of cows for alternate lactations were divided by 2 in order to 
compensate for the :range of 2 lactations and give preference to data 
Trom consecutive lactations. 

The series of ave~'age c~llnulative gains had hTegularities that \vere 
smoothed out by usmg a fourth-degree orthogonal polynomial to pro­
duce the estimated cunlUlati\'e gainf <;hO\\,l1 ili table l:t As a11 mush'a­
tion of the effect of age on the'rate of gain in \n~ight, it may be stated 
that the estimated daily gains at 2, 3, 4~ ii. 6. 7, 8. n~ and 10 years of age. 
l'e&pectively, were O.,WO, O.:n6, 0.207: 0.122, O.!J38, -0.008, -0.014, and 
- OJ)05 pounds. 

The average of the 1.03D basic lO-month weights for all ages in table 
13 was 1.;3'.W.M pounds. The avernge of the estimatE.'d cumnlatin~ 
gains weighted by thE.' same llumbE.'r 0:1' obO'('natiol1s at e:teh age was 
:WH.82 pounds. The difference, 1,131.52 pounds, was added to each of 
thE.' estimated ennllllatiyc gains to giyE.' t'stilllated or stanclttrcl basic 
lO-UlOllth ladation wt'ightf'ifor HolsfC'in cows. Theile estimated stand­
ard weights are ;.:hown In the last column of table 13: 

By these procedures It growth eUlTe, little affected by changes in the 
relative number of cows on ollicial test: 01' by the relative numher of 
light or heavy ('OWS from which weight data "'ere obtained, \\'ns fitted 
on basic 10-month htetatiolJ ,,'eight data. that were little n.iFected by 
differE'llces in the stages of lactation or pregnancy. 

Variation in thE's(' data was calculated from thE' Sl1m of the squares 
for the deviations of the 1,03D basic lO-month weights from the esti­
mated standard \yeights for the same age;;. The l'E'sult was a mean 
~qnaL'e of 13,671.6;3:2 and a standard deviation from the estimated 
vahlt's 0:1' 116.0:26 pounds. 

..:\ \'E'rnge de\rintions at diffeL'ent ages, pa rticularly at older ages, were 
of littlE' use in dE'tel'mining the normal elrN~t of age on the deviations 
from the estimatE'dntllles. The effeets of age WerE.' mixed with the 
r('sults of wider dif£el'enct's nss()eiatE'(l \yith tlw l't'lative llllmbE'rs of 
('OWR on offiei.nJ test and the relative numbers of light or heavy cows 
in tltt' Yal'iOllS groups. Data in tabl('s iJ to 10 showed SOJl]e vlIl'iation 
with age in the eoeflicients of ....arial-ion, but th(' 10\\,('1' ('oeflicients tended 
to (Jet'lIl' at ag('s when a high('r percentage of the ('ows were on t('st. 
Thus, there seell1E.'a to be little reason for not usi ng the same coefliciellt 
vI: Yariatio]) ror all ages for the deviations from tilt' ('stilJ1atec1 stancl­
ant weights. The aycrage coefIkicnt 01' variation 1'01' the deviations 
fl'OIl! tIle estimated I'tamtal'd weights for Holstein cows was 8.72 per­
rent. The corrrsponding figure i'or .JHsey cows al: BC'Hsville was D.6;,) 
percent. A similar difference was the lowC'r eoefli('ients of vtl,riation 
at most ages for Holstein cows in the age-limit groups than for .Jersey 
('o,\'s. 

Since the co('ffieiE'nt of variation was assumed to be the same at all 
ages, the factors O.25:~35, O.52.J·JO, 0.8+162, and1.28lii5. from n table by 
Fisher (4-), that were used in c:t1culating boundary weights for Hol­
stein heifers, could be used with the coefficient of variation in calcu­
.Iating cOl1stant~ to apply directly t? the basic lO-Jllonth we!ghls in 
order to cleterl11l11C the boundary wC'lghts behr(,(,11 10 grades for Hol­
stein cow weights. Th('se eOllstants :for calculating the boundaries 
between grades 1 anc12, 2 fLl1d 3, and so on, are 0.888:20, 0.D2658, 0.1)5-1:25, 

• 
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0.97790, 1.00000, 1.02210, 1.04575: 1.07342, and 1.11180, respectively. 
Table 14 shows the boundary weights th&t were calculated in this 
manner. 

The constants used in calculating the boundary weights may also 
be considered as percentages if it is desired to use thcm in interpreting 
comparisons between inclivichlfLl weights and weights presented in 
other standards. For example, weights less than 88.82 percent of 
th~ standard being used would be equivalent to a. grade of 1, and 
welghts more than 111.18 percent of the same standard would be 
equimlent to a. grade of 10. 

The standard basic 10-month weights show a gain in weight for 
Holstein cows to '( years 7 months of age, but there is less than 10 
pounds difference between the standard weights for any ages over 
S years 2 months of age. This difference of 10 pounds is Jess than 
one-third of the range in weight for uny grade at these ages shown in 
table 14. 

VARIATIONS IN WEIGHT DUE TO STAGES OF PREGNAXCY 14,n LACTATION 

• 
It might be desirable at times to estimate the relative size of a cow 

before aU 10 monthly weights are available. In such cases it would be 
convenient to know the norma.lrelationship between the basic 10-month 
weight and whatever single weights or group of weights mn,y be avail­
able. Tn,ble 15 was prepared to furnish such information and also 
to show the normal changes in weight throughout the months of preg­
nancy and the following lactation. Stages of pregnancy are repl'e­
sentedill reverse order by stating the number of months before calving. 
Data involving abortions were not used. On the a.yerage, the first 
monthly weight before calying would be equivalent to 264 days of 
pregnancy, the second to 23+ da.ys of pregnancy, and so on; but wiele 
deviations are possible. The dat.a were grouped according to the 
ages of the cows at the first monthly weight after calving in order to 
demonstrate the additional effect (rr age at the younger ages. Two 
groups were included foe fl comparison between lactations when cow;,: 
were on test and lactations when cows werc not on test. 

The average lactation weights, 011 "which the deviations in table 15 
were based, were 1,H)5, UH2, :'.,385, 1,430, 1,479, and 1,'~25 pounds, 
rcspectively, for tIle 6 age groups, 1,4:-15 ,pounds for C0'YS on test, and 
1.363 pounds for cows not on test. 

, The data from the 10th to the last month before calving show aver­
age 9-month gains of 371 pounds for the 23- to 35-month group, 242 
ponnds fur the 86- to +7-month group, 200 pouncls for the. 48- to 59­
month group, 227 ponnels :for the 00- to 71-Inonth group, and 216 
pounds for the 72- to S:3-month gronp. Gains in weight from the 2d 
month after calYing, which was llsually the lowest month, to the 10th 
month for the same f,'l:onps ill the snme order were 100, 128, 121, 110, 
and 89 pounds, res,pecbvely. 

Holstein weights reported in a similar manner by :i\Iorgan and Davis 
(8) were generally higher than those observed in this study, by dif­
£erenc~s for the months jmmedjat~l.r precpding and after calving 
t~Ult chdnot exc~e~l lQO pOl.1I1ds. ~IfI(>I'ell<:es at oldcL· ages were <:0L1­
s](lera~l)~ less. G:lIns 1Il ,,·elght clUl"lllg the months of pL"cgnllllcy WC1·C 
very slJ1ular. 
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TABLE 14.-Bol('lldal·1I1rei{/hls oetll"('('/1 {ll'ar/Cg fo/' the lIl'erll!II:'/{'('ig!lls of lfo/8t('ill eOlf1s 1l//rill!1 thl:' jirNt]O 'll1O//.I7I.~ of (/ 7aeiation. ~ 
-.... _., ~--..........,..---< ­ ~------.~--~-- -

Age nt time of first monthly (lratic 1 Grude 2 Grotieil Grade ~ ({radefi (lr.de 6 (lralle 7 (lrade 8 GTllde9 Grade 10weight ,/ ,/ ,/ ,/ ,/ ,/ ,/ ,/ ,/ 

~ 

Year·Mouth POlllitis PQll1111s POIIlIII., Pountis Pounti. Poulllls Pound., Ponnds POllllds 
1I••••••.••••••••••••••••••••• 1,001.7 1,0-15.0 I, Oi6. 2 1,102.9 1,127.8 1,152.7 1,179.4 1,210.6 1,253. II 

2 0..... __ .•. _....... 1,013.0/ 1,057.1 I,OSS.7 1,115.7 1,140.0 1,160.1 1,103.1 1,224.6 1,268.4 
2 L ............. _ . __ ......... 1,025.2 1,060.5 1,101. 4 1,128.7 1,15-1.2 1,170.7 1,207.0 1,2.18. n 1,28:1.2
2 1,036.7 1,OSI.5 1,113.8 1.141.4 1,167.2 1,103.0 1,220.6 1,252.0 1,297.72. ___ 

3... " 1,047.0 1,093.2 1,125.S 1,153.7 1,170.8 1,205.0 1,233.8 1,266.4 1,311.7
4 •• _ 1,058.8 1,101. 5 1,137.5 1,165.7 1,102.0 1,2IS.1 1,246.6 1,270.6 1,325.3

2 5.... 1,060.4 1,115.6 I,H8.9 1,178.3 1,20-1.0 1,230.6 1,259. 0 1,293.4 1, 33S. 5 

2 r.. _~ . I,OiO.6 1,120.3 1,150.0 1,ISS.7 1,215.5 1,242.4 1,271.1 1,30-1.8 1,351. 4 >-3 
2 7' .. ~"~ I, OSO. 0 1,130.7 1,170.6 1,100. G 1,220.8 1,2.03.9 1,282.9 1,316.8 1,303.0 t'j 
2 S.. 1,009.3 1,140.8 ], lSI. 0 1,210.3 1,237.6 1,205.0 1,29·1. 3 1, ~28. 5 1,376.0 0 

2 O. I, lOS. 7 1,1.10.6 t, ]91. 1 1.221.0 1.2-18.2 1,275.8 1,305.3 1,330.0 1,387. S 
2 10.• 1,1l7.S 1,106.1 1,200.0 1,230.6 I, 2l',s. [) ],280.3 1,31fi.0 1,350.0 1,309.2 ~ 
2 n .. 1,121i.O 1,175. :1 1,210.-1 1,2'10. -I 1,208.-1 1,296. -I 1. ;)26.-1 1,301.5 1,410.2 0 

> 
3 0.. 1,135.1 1,184.2 1,210.0 1,2·10.8 1,27S.0 I, aOG. 3 1,3:10.5 1,371.0 1,420.0 t" 
3 L 1,14a.4 1, ll12. S l,n~.4 1,258.0 1,287.3 1,315.8 1,340.2 1,381. 0 1, 4:11. 3 
:1 2. _ 1,151.4 1,201. 2 1,237.1 I, Wi. 7 1,296.·1 1,325.0 1,355.7 1,301.5 1,441.3 to 

d 
3 3._ 1,150.2 1.209.3 1,2-15.4 1,270.2 1,305.1 1,333.0 1,304.8 1,400.0 1,451. 0 t"4 ___3 1,106.7 1,217.1 I, 253.~j 1.28-1.5 1,313.5 1,3·12.0 1,373.6 1,400.0 I, 41i0. 4 t" 
3 n. 1,173.0 1,224.0 1.261. 2 1,2\12.5 1,321.7 1,350.9 1,382.1 1,418.7 1,400.4 t'j 

>-3 
3 0.- I, ISO. 9 1,231. 9 I, 2f>S. 7 1,300.2 1,329.5 1,358.0 1,300.-1 1,'127.2 I, 47S. 2,- 'Z3 1,187. i 1,230.0 1,2i6.0 1,307.0 1,337.1 1,366.7 ],308.3 1,435. :1 1,486.6 
3 S 1, HH.2 1,2-15.8 1,283.0 1,314.8 1,3H.5 1,37·1.1 1,406.0 1, ,1·13. 2 1,494.8 .... 

03 9, 1,200.4 1,2.12.3 ],280.7 1,321.7 1,351.5 1,381. ·1 1,413.4 1, ·150.8 1,502.0 co3 10. 1,200.., 1,258.6 1,2112.4 1,328.3 I, aflS. 4 1,3SS.-1 ],·120.5 1,-158.1 1,510.2 co:1 II. 1,212.3 1,26·1.7 1,302.5 1,334.7 1,36-1.0 1,305.1 1,-127.3 1, -165.1 1, 51i. ,I) 
0 ___-I 1,217.9 1.2;0.5 1,30S.5 1,3-10.9 1.371.2 1,-101.5 1,433.0 1,471. 9 1,52-1.5 

-I 1. 1.223.3 l,27(t2 1,314.3 1,:140.8 ]1377~3 I, ·107. 7 1,4-10.3 1,4iS.-1 1,531.2 
4 2~ .... _ . 1,2'28.5 1,281. 0 J,310.8 J,352.5 1,383.] 1,-113.7 1,·1-16.4 1,484.6 1,537.7 

3... ___ 1,233.4 1,280.7 1,325.2 1,358.0 1.388.7 1, ·110. 4 1,452.2 1,490.0 1,5-13.0 
... fi __ .. T' .. _ • _ ... _ ..... ..·1 ... -- 1, ~1S. 2 1,291.7 1,330.3 1,303.2 1,39·1.1 1,42-1.9 1, -157.8 1,<100.4 1,5-10.0 

5..... - ~ ~ - . ~ .- ... , 

~ 

1,242.8 1,200.5 ],335.2 1,368.3 1,309.2 1,430.1 1,403.2 1,501.0 1,555.6 

-I n.. _.o_ .... _ .. __ ....... 1,247.1 ],301. 0 1,330.9 1,373.1 1,404.1 1,435.1 1,408.3 1,507.2 1,561.1
7__ ... __-I 1,251.3 1,305. -I 1,3-14.4 1,377.7 J,408.8 1,4'10.0 1, 47a. a 1,512.3 1,560.3

4 8..... 1,255.3 1,300.5 1,3·18.7 1,382. I 1,413.3 1,-14·1. 5 1,<I7S.0 1,517.1 1,571.3 

4 9..... 1.250.1 1.313.5 1,352.8 1,386.3 1,417.6 1,4-18.0 1,482.4 1,521. 7 1,570.1
4 10...... 1,262.8 1,317. a 1,350.7 1,390.3 1,·121.7 /,453.1 1,480.7 1,520.1 1,580.0 
-I 11 •• _.. 1,260.2 1,320.0 1,360.·1 I, a04. I 1,425.0 1,4.17. I 1,400.S ',530.3 1,585.0 



• • • 
s 0........ 1.2119.5 I, :12·1.4 1,311:1. II I, alii. 7 I, ·1~'!I.a 1,·1110. II I, ·10·1. 7 1,5.1·1.2 1, fi80.1 

5 1••••• " ... 1.272.6 I,:m.n 1,3U7.:1 I, ·101. 2 1,·la2,$ l,4tH.5 I, ·IU~. 4 I, sas.o 1,50a.0 
5 2_........... " ~ .. ~ ~, 1,27,5. U l,a;10.7 1,370.5 1,40·1•. \ I, ·1:10. 2 I, ·107. \l I"m.o 1,5-11. (I 1,500.7 


5 3.......... 1,27$.4 I, :133. 7 1,373.5 1,·107.5 1,·130.3 1,471. I 1,505.2 1,&15.0 1,600.2 
 txlIi -I ••• 1,281.1 1,330. ,I 1,376.3 1,410"1 I, ·142.:J 1,474.2 1,508.3 1,548.2 1,603.0 t".l5 5••• 1,283.0 1,330.0 1,370.0 1,413.2 1,""'5.1 1,477.1 I, .511. 2 1,551.2 I, flOO. 7 
~ 5 0.. 1.285.9 1,3·11.5 1,381.11 1,·115.8 1,4·17.8 1,470.8 1,51·1.0 I, 5r,.l. 1 I, UOO. 7 (fJ

5 7.. 1,2S8.2 1,3'13.8 1,!\S4.0 1,·I1S.3 1,450.3 1,.182..1 1,516.7 1,556.8 1,012.4 ~ 
5 S. 1,290.2 1,3·16.0 1,380.2 1,420. {) 1,'1.52. (l I, ·184. 7 1,510.1 1,550.3 1,015.0 .... 

t" 
[, O. 1,292.2 l,a·IH.n 1,:Ni.~ 1,'122.7 1,-i(j·I.S 1,·IS7.0 1.521.·1 l,flUl.U 1,617.0 t" 
5 10 .. 1,201.0 1,3·1O.1l I,~O(). 2 1,42'1.7 1,,151l.U 1,480. I I, 52:J. 5 1,50,1.8 1,010.7 M 
5 II. It 205. i 1,351.7 I, :102.0 1,42n.5 1,·If>S.8 1,·\(11.0 1,520,5 1,51l5,8 1,621. 8 

0 
~(I 0•. t, 207. 2 1, :\5.1.:1 1.30a. i 1"128.2 1,'WO.f> I, ·102. S l,527.:l I, fiG7. 7 1, 62a. 8 

6 L. 1, 20S. 7 l,a5-1.8 I,ann.a .1,.1211.8 1,402.1 1,40·1.5 1,521l.0 1,lion.5 1,025.0 0 
6 2~ ~. I.!loo.n 1. 3fiO. 2 I, :l!Ill. 7 I, ·Ial,a 1, ·W:i.1I 1,·1011.0 I, sao.r. I, fi71.1 1,1l27.:! -:a 
6 :I... 1,:JOI.2 I, 3fi7..5 I,aos.o 1,'1:12.11 l"Hi5.0 I, ,Wi.·1 1,5:12.0 1, fi72. 0 1,028.8 ~ 
0 4 •• 1,302.-1 1,!158.0 I, an!). 2 1,-13:1.0 1.-100.:1 I, -108, 7 I, r~la." I,fino I, (Jao. 2 
6 5.. 1,303.·1 l,a59.7 1,400.3 1,435,0 1, ·167.·1 I, 4011. I) 1'[.1-1. 5 1,575.2 1,1;31.5 (fJ 

1-3 
6 G.. 1,301.a I, ano. 6 1,.101.3 1,·13n.O 1,·IIlS.5 1,000.0 I, na5.ti 1, !iiO.a I, r.12. 6 
6 7.. 1,305.1 1,301, Ii I, ·102.2 1,·I:ltl.ll 1,-100.-1 1,501.9 l,5:m.(i t, 077.a 1,1\.13.7 ~ 
6 S•.. 1,305.8 1,:1li2.:1 I, ·102. II I, ·137. 7 1,470.2 1,502.7 I, 6:r;. 5 1,578.2 1,0:1-1. 6 t;:;! 

>­
6 9,. 1,30n.5 1,302.0 I, -10:1. 7 I, ·138.·1 1,.170.0 l,no:!.·1 I, oaR. 2 1,578.0 1, 1\.1~.·1 ~ 
6 10•• I, :IOi. 1 1,;lf).1.5 I, -10·1. 3 I, ·1:Io.n 1,471.11 1,50·1. I 1,5:1S.0 I, fi70.r. 1, o:ln. I t::1 
6 11 .... t,aOi. ,'j l,an-1.0 1,40·1.8 1,·130.0 I, ·172.1 1,501.7 1,53\1.5 1,f>80.2 1,1\,10.7 Ul 

>7j7 0... I.:ms.o 1,:111·1.5 I, ·105. 2 I, ·1·10. n l,.t72.H 1,505.1 1,5:1\\.1\ I, ,5$0. 7 1,0:17.2 07 3.. 1,ans.S 1,:ln5.:! 1,400.1 1,+10.0 1,·li:1. ,5 I, f>Oli. I l,tHo.n 'I, $1. 7 I, (las' 2 
i 6••. 1,3no.U I, :W5. Ij 1, ·101i.·1 I,HI.2 1,·17a.S J, f,06.:J '1.5H.2 I, ilS2.0 I, 1~18. .1 ~ 

7 9... 1,308.S 1,365.'\ I,·IOG. I I,HI.U I, ·Ii:!. 5 I, (ion. I 1; (i·IO. 0 1, [h"l. 7 I, GaS.:1 p:j 
8 0.. 1,30S.2 1,361.8 I, ·to5~ 5 I, ·1·10. a 1,·172.0 J,r'()5.4 II tHo. a l.rh~I.O I, Ha7.11 0 
8 L. J,~07,·1 1,31;:1.9 1,'IOI.n 1,4:10.4 1,·171.n 1,f,{H.5 I,WIl.!! 1,5HO.O 1, r.:16. 5 t" 
S 6••.. I, :106.:1 1,:162.8 1, ·lOa. [) 1,.138.:1 1,·170.8 I,W:I.a I, liaH. 1 1,578. R I,Gan.2 

(fJ 

s 9•• _... 1,305.2 1,361.0 1,·I02.:J 1,4;J7,0 1,,169.5 1, [>02. 0 1,5:111.7 It 577.·1 I, [;:1:1.8 ~ 
9 0..... 1,304. I 1,:1f>0.·1 I, ·101.0 1, .J35. 7 1,40S.2 1,500.6 1,5:15.·1 1,576.0 1,(;:12.:1 ~ 
9 :I......... 1,30:1.0 1,:)5n.3 I, 3DD.!l 1,43'1. .1 1, ·1G7.0 1,4011.4 1,5:1·1. 1 1,57-1.7 I, 0:1I. () 

0 6...... 1,302.0 1.35S,3 1,308.0 1, 4:t.1. 5 1,465.0 I, ·108.:1 1, r..1:-J.O 1,573. r, l,li2\l.S (') 


9 9•••• _ 1,301. :l 1,357.5 1,:198.1 I, ·132. 7 1,465. 'I 1,407.5 1,5:12. I 1,572.7 1,1128.0 


10 0••... 1,300.9 1,357.. ] 1,307. G 1,·132.3 I, ·16·1. 7 I, ·107.0 I, "lI. 7 1,572. 2 1,028.4 ~ 
10 3.... ..... .... _------ I,aoo.o 1,357.1 1,397.0 1,·132.:1 1,40·1.6 I, ·107. 0 1,5:11. U 1,572.2 1, n2~. <\ t" 

t'.l10 6..... 1, aOI,:1 1,357.5 I, ails. I 1,432.7 I, ·165. I I, ·107. 5 1,5:12. I 1,572.7 1,628.9 
10 IL.. ..... :: :.::::::::::::::: 1,302.3 1,358. G 1,:190. I 1,4:!3.8 I, ·IUG. 2 1,498.6 1,533.3 I, fi7;J.8 J, G30.1 

C/.:)II 0...._....................... 1,30:1.8 1,aOO.2 I, ·100.8 I, ·135. 5 1, 4U7. 9 I, WO.·I 1,535.1 1,676.7 1,032.0 

C/.:)

--~----.. ,--=--=---~----'.--

http:1,471.11
http:1,�I:ltl.ll
http:1,'1:12.11
http:1,3�1O.1l
http:1,381.11
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T,\IIf.E 15.-,lrcr(lUC '/cciUllts (111(/ dcri(llioll8 from Iltc (I1'cl'anc 0/ tltc /iI'8/.1O 'IIIonlhly 1t:ci!!1t11l afl"r e(Ilrill!! jor /Iolslc;'n cows a.t ·vario/l.~ ~ 

mont Its or/orc ([//(Ia/lcr C'lIlt'i'1!1 ~ 

Age groups I 
i------·~---·"'----· .~..-. 

'18 to 59 mollths j 60 to il months i 72 to 83 months -148~0'1~21:ontlls"l____3_6_t_o_l_3-;2_n_lo_n_t_h_s____23 to 35 months 36 to ·17 monthsPeriod weighed 
I On test Not on tcst 

,I 
WI'ight I ])('\'io· ,,"eigln I Dovin· Weight IDqvin·1 Weight IDqvin·1 Weighil Davin· Weight Dq\'i,,·l· W"ilth ! !Devin· Woight IDovin·

I tiOIl . tion 
, tlOn, ......~._~__ ~~ ___.. tlOn i .:_~~___l~ 8 

t:.1 
~lonths hefore cnhing: Pound.. Pounds j ]>011.,,(/8 . POllnds ! PO/uuls 1'0/(11118 ! Po II ntis • POllnds . POllnds iPollnds ,. Po II 11 lis : POllnd., 1'011 11 (/s ]>0111/(/8 POII//(i. POllnd8 

10. .. . 873 -32211'20:1 /1 -.139 1 I, a:lI -51 I J,363 -67 I, .1131 -66 1,38; -38 1,329 -116 1,3:lG -27 
9. ............ 007 -288 1,22·1 -liS 1,34-1 -oil I 1,3110 -6·1 1.42·1 -55 I, :103 -32 I, a·15 -100 1,342 -21 
8.. ...... ..... • .. oas -257 1,239 -103 1,:1.10 -2Il 1,:lil -50 ], ·128 -51 1,398 -27 I, :~52 -93 1,351 -12 
i ..... ~~ "' __ ~~.4._",_ Du9 -226 1,253 -A9 1,:iG5 -20 1,378 -52 1,425 -54 I 1,405 -20 1,360 -85 1,361 ~ 
G.................... I,OOG -1$9 1,275 1,376 -9 1,307 -33 1,4·17 -32 -3 1,380 -65 1,377 14
-G71 ], ·122 

-2 
~ 

5................... . 1,056 -139 1,301 -38 1,40; 22 1, ·1:~2 2 I, ·157 -22 I, 4~5 2() I, ·101 -44 1,406 43 
 I:d·1 .......... "'''''''' 1,100 -95 1,340 -2 1,,135 ,,0 1,461 31 1,503 2·1 i,·177 52 1,+11 -4 1,4:13 70 q

3................... . 1,152 -43 1,3i5 33 I, ,16.1 80 i 1, .fUi 1,5-12 03 1,.112 87 1,470 31 1, -IllS 105 
2~ .. ~,,_", ~ ~ ~ ~.~ .. ~~ .. _~ ~. 1,197 2 1,407 1,400 114 1,5aO 19~ I 1,580 107 1,550 125 1,510 74 1,400 131ir"
L .................. . 1,2-1-1 40 1,4-15 103 1.1;34 J.!9 1,500 1601 1,020 1.10 J, .,1l2 107 1, fjfjO IH 1,5-10 177 ~ 
1I10lllll5 aftcl' cnlving: 

I.................... 1,118 -77 1,292 -50 1,35·1 -31 1,406 -24 1,460 -10 1,409 -10 1,403 -42 1,352 -11 

2........ __ ........... 1,126 -60 1,202 -50 1,:147 -38 1,302 -38 1.448 -31 l,a03 -32 1,400 -45 1,333 -30 ~ 

3 ................ ____ 1,145 -50 1,306 -35 I,352 -33 1,307 -33 1.452 -27 1,30ti -2Il 1,413 -a2 I, :133 -30 

·1 ••••••• __ ........... I,WS -27 1,310 -23 1,:161 -2·1 1,'105 -2.; 1,450 -2:1 1,·102 -23 1,427 -18 1,337 -26 .... 

5.................... 1,187 -8 1,326 -10 1,365 -20 1,413 -17 1,466 -13 1,'109 -IU 1,439 -6 1,:1:10 -24 o 


<0 

6................... ,1,205 10 1,340 -2 1,374 -11 1,420 -10 1,471 -8 1.410 -0 1,4·19 4 1,3·16 -17 <0 

7....................! 1,221 26 1,35.') 13 1,300 5 1,435 5 1,485 fj 1,427 2 I,'lm 16 1,360 -3 
S..... __• __ ......... 1,237 42 1,37,1 32 1,406 21 1,449 19 1,490 20 1,4·12 17 I, ·172 27 I, :lBO 17 
0.... __ '''''''' .• • 1,258 63 1,300 54 1,435 50 1,477 47 I 1,517 38 1,465 40 1,480 41 1,410 47 
10..................... ' 1,286 91 ],420 78 I,4r.s 83 i,502 72 1,537 58 1,402 67 1,506 61 1,441 78 

1 to 5. __ ........ .. ••11, 149 -46 1,307 -35 1,356 -29 1,402 -28 1,457 -22 1,402 -23 1,416 -29 1,330 -24 

3 to 5.. __ ............ I, ]G7 -28 1,317 -25 1,359 -26 1,405 -25 1,459 -20 1,402 -23 1,426 -10 1,336 -27 

6 to 10................ 1,241 46 1,377 35 1,414 29 1,457 27 1,502 23 1,448 23 1,475 30 1,388 25 

ltoIO..••.. ••••• ....·I~___O_~___O_~.___O_~.___O_~___O_ 1,425 ___O_~,___O_~,___O 

Number of records ....._.\ 302 I 214 157 I 135 95 I 517 I 335 I 396 

I Cows arc arranged in groups according to their nges nt first woighing nftcr calving. 

http:iI'8/.1O
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In the comparison between co,rs on test and cows not on test, those 

• 
not on test averaged about 6 months older than those on test. The 
average interval from the previous calving .was betwee.11 14.5 all~115.0 
months for both groups. There ,,,as practIcally no ddference 111 the 
average weights of the 2 groups from 10 to 5 months before calving, 
and the cows going on test were only 19 or 20 pounds heavier than the 
others for the last 2 months before calYing. At the first monthly 
weight after calving, the cows 011 test were 51 pounds heavier than 
those not on test; and the difference :rradual1y increased to 103 pounds 
at 6 months after calving. The cows on te~t lost very little wei:rht 
after the first month, whereas the average "'elght for cows not on test 
did not equal the first month's weight until after the sixth month. 

• 

The average deviations from the basic 10-month weights shom1 in 
table 15 may be used to pro,ride ;t means of adjnsting single weights, 
or a certain series of weights, to the equivalent basic 10-month weight 
necessary for using the boundary weights in table 13. In using the 
deviations in table 15, minus deyiations are added to the cow's "'eight 
at a certain month or group of months~ anel,plus deviations are sub­
tracted from a cow's ,,-eight to give an adjusted weight comparable to 
the boundary ,,,eights listed in table 14. These adjustments, however, 
provide 110 way of accounting for differences between individual cows 
in the relationship between single weights and the basic 10-month 
weights. 

'there is an age difference in the relationship that makes it a(1\-i.s­
able to use the devhttions for the 23- to 35-month group and the 36­
to 47-month group at these younger ages. The deviatlOl1s for cows 
48 to 13~ months of age mi!!ht be used for all other ages. For an ex­
ample, It cow may have calved less than a, month before she was 5 years 
of age, and ~\Yeighed1,380 pounds about 4 months after calving. Add 
the deviation (-23 pounds) shown in table 15, to :rive her an adjusted 
wei!!ht of 1,403 pounds. Accordin!! to the boundary weights in table 
14, this ~wei!!ht at 5 years of a!!e would receive a grade of 5. 

In c1eterminin;r what month rd'tel" calving to lise in making an 
adjustment, it should be remembered that, in assel1lbling the data for 
table 15, weights taken within ao day>, aiter cahTing were tabulnte<l 
for the first month, weights taken from ;31 to 60 clays after calving 
were tabulated for the second month, and so 011. Any fraction of a 
month after calving is represented in table 15 as part of the next 
month. 

Grades ~were assigned to the 1,03D basic 10-month lactation weights 
th~ttwere used in pl'epfu'ing this standard, in order to test the actual 
distribution of these gl'f1rlesin the Holstein herd at B('ltsville. Theo­
retically, there should hlwe bC(,ll abont 104 "'eights for each grade. 
Actually, the llumber of weights for each grade frol11 1 to 10 was 
96, 104, 86, 116, 107, 110, 118, 109, 88, and 106, respectively. The 
lower coefficient of variation for the Holstein data than for the Jer­
sey data did not result in a distribution with greater lllunbers in 
the grades or groups at either end 0:1' the arra.y. 

There were distinct cliffel'eneesin the distribution of grades for 
cows on test and cows not 011 test. The percentages of the G18 lactu­
tions for cows on test receivi ng grades 1 to 10 were a.u, 6.0, 7.3, 9.5, 

http:betwee.11
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D.4, 10.8, 12.9, 12.8, 11.5, and 15.9 percent, respectively. Similar per­

centages for 4~1 lactations for cows not on test '"ere 17.1, 15.9, 9.7, 
13.5,11.6, 10.2, D.O, 7.1, 4.0, and 1.9 percent. 

TIME TRENDS IN THE AVERAGE WEIGHT OF HOLSTEIN • 
FEMALES AT BELTSVILLE 

Occasional ObSl'ITat1ons indicat('(, the possibility of a time trend 
in the weights of Holstl'in fl'l1lnles in the' B('ltRyi1ie ]H'r<i over a period 
of more than 30 Yl'al's. W"('ight data obtained in this herd h:we the 
advantage that they ar(' bas('c1 on adequate lluJ11b('1's of females in 
a herd that was maintained (1) uncler uniform environment over a 
considerable 111lmb('!' of )'('l1l's anel (2) without culling for size or pro­
duction or adding pm'chased femnles. 

The weights nt certain ag(,::l of Holstein females in the Beltsville 
herd were tablllat('d ncC'ording to the year of birth. Data for these 
tabulations inc1lHled many weights obtained since the weight stand­
ards were calculat"l'Cl. The av('rnge weights from snch tabulations 
nre shown in tabl!.' 16. The llY('rage \yeights for each year are for 
the same group of f(,llJa1Nl. minus those that left the herd. IVeights 
of twins and inbred animals wer(' not used. 

The environm('nta1 y('ar. as c1istingtdshec1 from the year of birth, 
of the animals, can b(' det('rminecl for some of the average weights by 
adding the ag(' to th(' y('ar of birth. FOl' example, the environmental • 
years for femal('s bom in l!UO W(,I'l' from January 1940 through 
December 1D-W fOl' w('ights at birth~ from July 1040 to .Tull(' 19-11 for 
weights at 180 clays of ag('. hom January 19-H through D('cember 194:1 
for weights at. 12 months of ag-e. from .Tuly 19+1 thl"Ough .Tune. 1942 
for weights at 18 mO.nths of age, :llltl f)'om .Tanuary 1D44 through 
D('cemb('l' 1DH for \\'('Ight:; at -1: yeal'S of age. 

For the same group of -femalE'S born in 19·W, the environmental 
period for most" of th(' [irst-laetntion \\'l'ights, (,l1ch of which was an 
average of 10 monthly ,wights after ca.1ving, would have been from 
.ranuary 19+2 thl"Ough April 19J·l. The ellvironmenta I. period for 
mature-lactation weights would ha\'(' b('en spr(':u] 0\'(,1' n g-l'('at('r num­
ber of y('ars, b('('uu$e \\"l'ights for 1aet.ations beg-inning at any age 
b('tween 4 and H.FlU·S \\"('re llSN], in order to bnse these val liN, as far as 
possible on weights obtain('(1 during lactations on test. Nevertheless, 
for all years in this sttHly, ~(}.5 PE'I'('(,lJt of thr matnr~-laet:\tion weights 
\\"('re not. obtai11(,cl from cows on t('st. All but 4.2 percent of the Jirst ­
lactation weiuhts \\"(,1'(' obtnin('d 1'rom cows 011 t('~c;t. 

All first.-1:~etation \\"('ights were adjusted to a calving age of 26 
months. This ~\\"as clone by multiplying the stanclarc11adation weight. 
for 26 months of ag(' by the ratio of the cow"s 1aetation weight divided 
by the standard lactation \\'('ight for cows of her age. All mature­
lactation weights W('!"C adjusted to a calving age of 7 years in the 
same manner. '1'h(' ndjllsted valtl('S at 7 y('a rs of age are a good repre­
sentation of ('nell cow's maximulIl weight whi1(' milking. 

It is possibl(', thnt Son)(' of the <lill'('rl'Il('C'!'; in the awrage weights, 
from the sorting aC'cording to the year of birth, may have been due 
to inh('rited diif(,I'(,II(,(,s fnml the sirt's that were used. Therefore, 
letter symbols aL'e used in table 16 to indicnte the bulls siL'ing one-sixth 
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or more of the heifers whose weights are tabulated from birth to 12 
months of age. This mayor may not indicate the proportion of the 
females born in the same year that remained in the herd to older ages . 

It may be noticed that average birth weights were high when bull a 
was the predominant sire. Many average weights for the same groups 
at older ages were relatively low. 'Veights at birth ltnd at some older 
ages were low for females born in 1926, when bull b was the predomi­
nltnt sire. Although 40 percent of these calves were the first offspring 
of their dams, it so happened that sire b had three definitely under­
sized daughters, an of which were born in 1926. As another ilJustrlt­
t:ivn, many of the average weights were high fOl' animals born in 1033, 
1934, 1935, and 1936, 'when bull e was the predominant sire. 

The significance of differences between the average weights of ani­
mals born in different years was tested by analysis of variance. The 
mean s'luares for the v:u-iance between years and the variance within 
years rtre shown in table 16. In nearly an instances, except birth 
weights from 1928 through 1951, differences in the average weights 
for different years were highly significant. These results, however. 
do not distinguish between the relative effects of inheritance, environ­
ment, or a general trend. 

'. 
Aside from numerous up-and-down c11anp:es from one year to the 

next, there appears to be a trend toward hIgher weights during the 
first 10 or 12 years and then a leveling off for the remaining 20 years. 
Tests on the average weights at 12 months of age were made by 
orthogonal polynomial regression. The use of the second-degree term, 
which produces a paraboEc curve, showed a highly silPlificant reduc­
tion (~'=9.58) in the sum of squares. Reductions 111 the sums of 
squares were not signHicant for tl linear regression, nor the thh-d- and 
fourth-degree terms that produce more complicated curves. Oil the 
basis of these results it was decided to use the weights from animals 
born from H119 through 1930 for a stndy of the period of increasing 
average weights, and to use the weights for animals born from 1928 
through 1951 for a study 01' the period of little change in average 
'wejghts. 

The average weights for each of these periods tlre shown in table 16. 
The average weights at all ages except at birth were definitely higher 
for the period 1!J28-51 than for the period 1919-30. 

Linear regression coetTicients were calculated to determine the trends 
in weights during each of these periods. The result.';; are show11 in 
table 16. During the entire pel'iodl919-51! there were small yearly 
increases in 'weight at all .arres except at bIrth. These trends were 
highly significant when teste~ by the l'eduction in the sums of squares 
by regression. There was a significant trend for lower weights at 
,birth during this period. 

Regression coefhcients for the period 1919-30 sllOwecl much larger 
yearly increases in average weights. In spite of the fewer numbers, 
most of the regressions caused highly significant reductions in the sums 
of squares. There was It nonsignificant trend in the opposite direc­
tion for 'weights at birth. . 

Regression coefficient.s for the period 1!J28-51 show trends for in­
creasing weights at some ages and decreasing weights at others. Only 
the trend for decreasing weights ltt 18 months or age was significant. 
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TABLE 16.-Ycarly trel/a8 in t110 areragc '!cci{/llts of .TIolstcin f(!IIl(/~cS Bortell accorclil1g to yeaI' of bil'th 1 ~ 
----- -~-"----.~-.-~.~ --..----.------~------" ,-. 

Sires of various' perccnt· I 
ages of the heifers, from Numbcr of femllles, lind ,I\'erugc weIghts frOIll bIrth Number of femllles, and 8\'CrugC weights, from 18 months through 
birth to 12 months of to 12 mont.hs of IlgL~ mnture Inctntlon­
age'

Yenr of birth I_~_-;-__-;-___I' ______, 

pe~~nt 13~J.I\O , l~lJo At bIrth I At ISO dnys j AI. 12 months At 18 months At 4 ycnrs At first Inctlltlon ,I Afu~l~:U~I~ 
percent percent 

I I ' I' ;---:---
Number IPOtlntis NU11Iber Pounds INumber . POlllld., .N1l11lber POUllr/S :Nu11Iber Pounds Number IPOU1Ir/8 •Number POll1ld8 1-3

1919_____________ A, D --.-----. ----._.___ •______ . [ ___ •___ • 2 378 2 ,(iOIl 2 SOl 5 1,30·\ 3 1,150 5 1,288 t=l 
1920________ •____ ---______ a [;I, 0, D 5 103.6 5 3iG 5 . 032 5 833 4 1,203 .j 1,160 2 1,344 6 
192L___________ a --------. --------. 5 J01.0 5 342 5 584 5 802 5 1,151 1,058 5 1,37-1 m 
1922.-___________ a ------ __ . ________ • 7 101.4 7 3(10 7 659 7 845 0 1,2·\8 1,115 5 1,429 ;:j 
1923.____________ a E 9 !l~.1 0 359 II 042 7 S52 0 1,271' 1,1-12 5 ],419 0 
1924...__________ a F S 10.1.0 8 358 S 624 8 834 6 1,40·\ 1,138 4 1,544 >­
]925_____________ a ----_____ •• _______ 5 98.2 5 307 5 630 5 904 5 1,283 5 1,104 5 1,408 t-f 
]926.____________ b a]O 79.5 10 3·\0 10 U13 10 82·1 0 1,2·111 10 I,on 7 1,431 t:::I 
1927.____________ b a 9 98.9 9 392 9 084 9 872 9 1,203 0 1,158 0 1,473 ~ 

1928. ____________ ------___ b a, c, I 11 08.1 11 :l01 II 700 II 012 11 1,·107 11 1,2/7 10 1,470 fI 
1929_____ •_______ ---______ b, I c 9 97.7 0 :m7 0 no IJ IHIS 7 1,:171 I S 1,243 7 1,480 t;j 
1030.____ •_______ ----_____ I b, c 13 94. i 13 308 1:1 I 719 13 DOli 10 1,33:1 11 1.1ll9 8 1,463 1-3 

193/_._________.. I b 8 98.3 S 300 S I 745 8 050 8 1,403: 8 1,192 3 1,408 Z 
1932_____________ ----_____ d, I m 11 S9.11 11 374 II' 705 II SilO 0 1,434 ' 11 1,182 0 J,485 
1933...__________ 1,7n 18 03.3 18 305 18 i 715 18 90S (\ 1,40ll , 0 1,260 4 I, 018 ~ 

1934..___________ m 10 S9.0 10 375 IO I 715 10 037 7 1,427 8 1,236 0 1,5113 ~ 
1935.____________ e 1/1 9 101.1 0 427 0 70S 9 1,005 S ],526 0 1,294 8 1,637
1936_____________ ----..___ e, m n 11 103.0 11 412 11 760 11 908 9 1,4:14 11 1,2:17 4 1,092 

1937__ .__________ e --------- --- _____ • 8 94.5 8 391 8 708 8 034 7 1,362 8 1,15., 5 1,417 
1938...___________________ e,/,1II,0 10 00.0 10 370 16 715 16 ~ao 12 l,aso 15 1,.In 6 1,433 
1930...__________ e U,1II 12102.3 12 ·\09 12 720 12 9-11 11 1,303 II 1,234 II 1,5.19 

1940_____________ -------__ e,O 21 92.3 21 300 21 718 20' mo 17 1,348 20 1,175 16 1,520 
1941_____________ ---______ U e, l' 14 !1ll.1 J.I -Ill 14 73h J.I 958 ] 1 I, ·\87 13 1,201 II 1, .'i04 
1942 ....________ • II P 23 {l3.7 23 300 23 715 23 910 10 1,41U 19 1,200 13 1,501 

1943..___________ II q 17 00.4 17 ·\07 17 739 17 951 10 1,4:13/ 16 1,232 12 1,454 
1944._____________-------- II r 15 97.0 15 412 15 n.> 14 D18 . 11 1,429 I 13 1, \97 8 1,504 
19-15.. ___________ h -----------------_ 24 Oa.8 24 415 24,748 24 9291 191,305' 211,200 Id.I,541 
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104i•••1946...-.--------1---.------

33 P7.2 33 416 33 33 001 20 1,431 25 1,1661 11 1,640hh 1_________ ,._._____ . 30 98.1 30 408 30 7441 900 20 1,3\15 26 1,187 17 1,586713 301048•••__________ _________ t 27 93.0 27 374 27 677 25 870 5 1,380 13 1,124 3 1,464 
_________ _________ 22 1,244/_________________ _

h, i,p 40 93.5 40 384 40 34 889 t:d097/mt:::::::::::I:::::::::I---T--- 91. 3 401 729 946 ttj28 28 28 27
1051.••___ •• _____ j ~ 20 80.2 20 423 20 758 8 949 :::::=::: ::::::::: ------:~- ---~~:~~- ::::::::: ::::::::: ~ 

I .~.'\.\·ernges:191{}-5L_________________________________ _ 
191{}-3O ______________________________ •____ 486 

05.0 I a951 
488 713 463 912 205 385 383 194 

220 I 1,502 
1928-51. _________________________________ _ 01 06.6 4~ I 375 665 91 878 S3 1,300 1 84 1,1,150 1 69 1,44093 93 1, 

428 94.7 428 400 428 i2·J 4()5 921 2·10 1 1,410 329 1,207 185 1,521 ~ 
1 1 1 1 1 

§
1IIenn101squares hetweon yenrs:!}-51 •• _______________________________ ._ 313.8" 5,715" 21,18"" 18, 9.~2" 4i R97" 28 225" 40,124"191{}-30.••••_______ •____ •______ •• _•______ _ 662.5" 3 051·· 18,222" 15,201·· 35: 431- 22: 532" 21,5501928-51 " .....___ •_______________ •____ •__ _ 130.6 4: 181.·· 9,581·· 14,380·· 2(1,280' 20,33:1" 31,158"
Menn sC(nnres within yellrs: ~ 191 !1-51 •••• _______ •_______ ••__ ._.________ _ 122.1 1,208 3,149 4,595 13,·107 7,977 13,283191{}-3O ••______________________ •______ •__ _ 

228.9 1,280 2,255 5. )(11 lil,4H 8,576 12,257 CI2
1928-51.._. _.__ •• ________________________ _ 103.1 1,100 3,221 4,3JU J2,056 7,07S 12,080 ~ Z 

Rcgrcsslon of weight on yenrs:191{}-51 _______ : __________________________ 
-.122' 1.17" 2.23" 1.27" 4.94" 2.32" 4.74"191{}-3O ______________________ . ___________ _ ~ 
-.086 4. OS" 11.63·· 9.10" 10.55' S.73' 12.55·· t::iIU28-51 ______ ~ .. __.. _.... _____________ . __ .... __ _ -.117 .42 -.21 -1.1-1' .47 -.33 2.11 CI2 

"'1 
J I asterisk inrlicntes signiflcnnce lit the "·percent ICYei; ~J asterisks indiento signiftcnnc() lit tho I-percent level. o 
2 Letters .t1 through F rcprescnt slrcs of foundation cows. Letters a throu~h k rcpJ'i'S(C!t the prOI'cd SIJ'(lS that wcrc brought tn Irom outsldo for use tn tho breeding experiment. ~ 

Lcttcrs I through t reprcsent sires mlscd lit Bl'1ts\'lIle, which for the l1Iost part hlld sOl1le reilltionship to their males. 
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The fact that the regressions for weights at 12 and 18 months of age 
and during the first lactation were negative, whereas all others except 
weights at birth were positive, suggests the possibiHty of an environ­
mental difference in the care of older heifers. Also, in view of the 
number of animals available and the general absence of significant • 
reductions in the sums of squares, there is no indication of a trend in 
the size of Holstein females during the periods represented by animals 
born from 1928 through 1951. 

Similar results 'were shown in a study of the weights of Jersey fe­
males at Beltsville (7). The results from both breeds support the 
theory that in a breeding program of outcrossing to sires proved for 
high production, the average weights in an assembled herd will in­
crease for 2 or 3 generations, and then remain at a fairly constant level 
as long as proved sires from outside the herd are l:sed. However, for 
the last 12 or more years, only Beltsville-raised bulls with some degree 
of relationship to most of their mates were used in the Jersey herd. 
In the Jersey herd, there was a significant downward trend in most 
average weights during the period from 1928 through 1951. The 
explanation of this difference in the results from the 2 breeds may be 
in the fact that, for the last 12 or 14 years, most Jersey cows were 
mated to Beltsville-raised bulls that had some degree of relationship 
to the cows. 

RELATIONSHIPS BETWEEN EARLY AND MATURE WEIGHTS 

Because of the efforts made to maintain uniform environmental • 
conditions and provide a liberal plane of feeding for growth llnd milk 
prodllctjon at Beltsville, the weight data from the Holstein herd pro­
vide an excellent opportunity to study the relationships between early 
weights and mature weights. By using a number of weights obtained 
since the weight standards were calculated, data were made available 
from birth to near maturity on 197 Holstein CO,ys. The weights of 
inbred cows and twins were not used. 

The preferred measure of a cow's mature weight was the average 
of the first 10 monthly weights during a lactation on test beginning at 
7 years of age. Such weights would be close to the maximum weights 
of cows in milking condition, when on careful feeding. However, :few 
lactations on test began at exactly 7 years of age. Although table 13 
shows only slight changes in the standard weights between 6.5 and 9 
years of age, many cows were started on official test at earlier ages, 
but under mature-test conditions. Therefore, all lactation weights 
were converted to a 7 -year-old equivalent, by using the ratio of each 
cow's lactation weight divided by the standard for cows of her age. 

Adjusting the lactation weights for age made it possible to include 
data from a number of cows calving after 4 years of age but without 
later lactations on test. Every effort was made to use weights from 
cows on test, but more than 11 percent of the mature-lactation weights 
in this study were obtained from cows not on test. 

First-lactation weights were adjusted to equivalent values at 26 .. 
months of age, in the manner previously described. All but 2 percent lIP 
of these weights were obtained from cows on test. 

The results of these studies of the relationships of mature-lactation 
'weights to weights at earlier ages are shown in table 17. Additional 
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studies were made 011 data from the same 197 cows, of the relationships 
between weights at bilth and at 6 months of age, and between weights 
at 12 months of age and during the first lactation. 

TABLE 17.-Relationships betll)een weights at different age8 in the same Holstein 
females 

Earlier weights Later weights Reduc· Stand· 
Corrc· tion R~gres. nrd 
lation in SY' SlOn devia· 

Aver· Stand· Aver· Stand. coelli· due to caelli· tion 
Age age srd de· Age age ardde· cient' regres· cient from reo 

weight viation weight Yistion sion grcssion 

Pounds Pounds Pounds Pounds Percent Pounds Pounds 
At birth..••••... 97 12.4 Mature lactation. 1,521 126.5 0.2149 4.6 2.19 123.8 
90 days..•••••_.. 216 23.4 •..•.do.••••...••. 1,521 126.5 .3418 11.7 1.85 119.1 
180 days..••••... 405 38.6 _•••.do....••....•• 1,521 126.5 .4067 16.5 1. 33 115.8 
12 months....... 719 64.6 _..•.do....•_••..•• 1,521 126.5 .5118 26.2 1.00 108.9 
18 months._ .• _._ 926 75.3 _...• do..••._••... _ 1,521 126.5 .5930 35.2 1. 00 102.1 
First lactation•.. 1,201 99.3 •...•do......••.... 1,521 126.5 .7250 52.6 .92 87.3 
At birth.•._...•• 97 12.4 180 days.•....•.•. 405 38.6 .3679 13.5 1.15 36.0 
12 months. __ ..•_ 719 64.6 First lactation•... 1,201 99.3 .6798 46.2 1.05 73.0 

, All correlation coefficients nrc highly Significant. 

• 
All correlation coefficients were highly significant, showing a definite 

relationship between early weights and later weights. The succes­
sive increases in the correlation coefficients, from 0.2149 for birth 
weights and mature-lactation weights to 0.7250 for first- and mature­
lactation weights, demonstrate the greater reliability of each older age 
in predicting mature-lactation weights. It is also interesting to 
observe that there was a higher correlation between weights at 6 
months of age and mature-lactation weights than between weights at 
birth and weights at 6 months of age . 

.Another demonstration of the relative values of early weights 
in predicting mature-lactation weights is the proportion of the sum 
of squares for mature-lactation weights (Sy2) that was attributable 
to regression. These percentage values were calculated as r(100) . 
.A low correlation of 0.2149 for the relationship between birth weights 
and mature-lactation weights accounted for only 4.6 percent of the 
sum of squares for mature-lactation weights, whereas the correlation 
of 0.7250 between first- and mature-lactation weights accounted for 
52.6 percent. These values are also shown in table 17. 

The standard deviations from regression, or standard errors of 
estimate, for mature-lactation weights were successively lower at 
each older estimating age. The standard error of estimate from t.he 
regression of mature-lactation weights 011 weights at birth was only 
2.7 pounds less than the standard deviation for mature-lactation 
weights. The error of estimate from regression of mature-lactation 
weights on first-lactation weights was 39.2 pounds Jess. 

The values in table 17 also show that using weights at 12 months 
of age produced considerably more reliable estimates of first-lactation 
weights than of mature-lactation weights. In parallel studies on 
weight data from the Jersey herd at Beltsville (7), this difference 
between first- and mature-lactation estimates was not as great. In 
all other respects the results on Jersey weight data were almost 
identical with the results from the Holstein weight data. 
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GROWTH STANDARDS FOR BULL CALVES 

Weights from birth were available on a number of bull calves born 
in the Holstein herd at Beltsville, although many bulls were trans­
fen'ed to another herd soon after birth and many others were loaned 
to cooperating dairymen before they were a year old. Nevertheless, 
,,-eights were obtained regularly from birth to 270 days of age on 
256 bulls, from birth to 12 months of age on 148 bulls, from birth to 
15 months of age on 54 bulls, and from birth to 18 months of age on 
27 bulls. 

Feeding and management of the Holstehl bulls was much like that 
described for Holstein heifers, except that the bulls were moved out of 
the calf barn at an earlier age. For example, of the 148 bulls that 
reached 12 months of age in the Beltsville herd, 26 percent "were out 
of the calf barn at 240 days of age, 61 percent at 270 days, 86 percent 
at 300 days, 95 percent at :330 days, and 98 percent at 360 days. No 
silage was fed to the bulls, but pastUl'e was available for young bulls 
some of the time. 

The average weights for foUl' groups of Holstein buUs are shown in 
table 18. Standard deyintions arc shown for two groups that reached 
270 days and 15 months of nge, respectively. Averages of the coeUici­
ents of variation for the 256 bulls that reached :270 days of age were 
] 2.02,10.41, and 9.37 percent during the first, second, and third a-month 
period after birth, respectiyely. These values were not greatly differ­
ent from those for Holstein heifers at the same age. - They were, 
howevP1', definitely lower than the coefficients of variation for Jersey 
bull calves at Beltsville (7). The coefficients of variation for the M 
Holstein bul1 calves in thp 15-month age-limit group were slightly 
lower than for those in the 270-day age-limit group. For bulls be­
tween \) and 15 months of age, the average coefficient of variation was 
8.68 percent. 

At most ages there were only slight differences between the average 
weights for the 4 age-Emit groups shown in table 18, but at 240 ancl 
270 days of age the average weights in the I8-month age-llmit group 
were as much liS 12 ancl H pounds greater than those in othel' groups. 

Estimated "weights for 10-day periods "were calculated, by fourth­
degree orthogonal polynomial regression, from the average weights in 
the 270-day age-Ii m.i t group and from the :werage weights nt 10,11, and 
12 months of age from the 12-month age-limit group, with lineal' inter­
polations for the weights at intervening lO-day periods. Thus, a 
curve of estimated "weights by 10-clay periods was calculated in a man­
ner comparable to tlmt for Holstein" heifer calves. However, esti­
mated weights by 10-day periods are not presented beyond 300 days of 
age because of the environmental changes involved in the transfer of 
:t large percentage of the calves to the bun barn. 

Estimated weights of Holstein bulls by months, like the estimated 
weights for heifers, were calculated by fifth-degree orthogonal poly­
nomial regression from the average weights of the 5'1 bulls that reached 
15 months of age, from the adjusted weights of 27 bulls that reached 
]8 months of age, llnd from the average gains in weight for 13 bulls 
that reached 21 months of nge in the herd, 'rIle average weights for 
30-day periods were acljustpc1 to a ell lendal' month basis in the mHnner 
described for heifers. Calculations for est:irnated weights were made 
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to 21 months of age in order to lULYe a growth Cllr\'-e comparable to that 
for heifers; but because of the limited number of animals involved at 
the older ages, no estimated weights beyond 18 months of age are 
presented in table 18. 
Accord~ to the estimated weights by lO-day periods, Holstein buBs 

exceeded Holstein heifers hl weig-ht at birth and at 90, 180, and 270 
days of age by 8.8, 17.4, 51.1, alld. 81.6 pounds, respectively, or in 
another measure by 9.4, 8.2, 13.0, and 14.6 percent. According to the 
estimated weights by months, the bulls exceeded the heifers at 6, 9, 12, 
15, and 18 months of age by 47.8,78.2, 117.6, 175.0, and 243.3 pounds, 
respectively, or by 12.0, 13.7, 16.7, 21.6, and 26.7 percent. Thus, it 
appears that bulls become proportionally larger than heifers as they 
grow older. The differences bet\yeen Holstein bulls and heifers, how­
ever, are not as great as those between Jersey bulls and heifers at the 
same station (1). 

Differences in the growth rates of Holstein bulls and heifers are 
shown also in the estimated daily gains. ?:luring the 1st, 3d, 6th, Dth, 
12th, 15th, and 18th month of age, respectively, the estimated daily 
gains in weight were 1.2, 14.4, 15.6, 23:7, 36.1, 62.7, and M.O percerii: 
higher for the bulls than for the heifers. 

The b01Uldary weights for assigning grades to the ",,"eights of H01­
stein bull calves are sho'Yn by 10-day periods in table 19 and by 
calendar months in table 20. The boundary weights by 10-day 
periods were ca1culated in the same 111.annel' as those for hf'ifer calves, 
by using the standard deviations from the 270-day age-limit group 
pIns those frol11 the 12-month age-limit gronp for ages beyond 270 
days. The boundary weigMs by ~alel1dlll' months were ca1culated 
from the standard deviations TO)' the 15-month ag-e-limit group. Ad­
justments of the considerably different standard deviations for the 
o](ler age-limit groups appel\l'ed to be impractical Tor ages after 15 
months. Instead, standard deviations for the 6 oldest ages "'ere esti­
mated by assuming that the average coefficients of yariation for the 
ag-es from 12 to 15 months in the 15-month tlg-e-limit g-roup would h~we 
continued with little change Tor the next few months. The standard 
deviations for successive ages werc smoothed by the use of fourth­
degree orthogonal polynomials. 

This standard for weights of Holstein bu}] calves is definitely higher 
at some ages than the Ragsdale standard (10). If, for eXaJllple,' the 
weights in the Ragsdale standard were graded according to the data 
in table 17, the grades for the Ragsdale weights would drop from 
a grade of 3 at:2 a:nd3 months of age to a grade of 1 at 7 to 10 months 
of age, but would gradually increase to a grade of 5 at 15 months of 
agf' and to a grade of 6 at 18 months OT age. 

• 
Not enough weights were available Tor it study of growth in ,,'eight 

by older bulls. However, some inclicatioll of the size of mature Hol­
stein bulls in the BeltsvHle herd may be obtained by calculating 
for eadl bull th~ average of 10 COl1sccuth'c monthly weights for each 
year of age beginning at 4, years, and designating the highest of these 
average weights as the bulJ's maximum weight. Calculated in this 
manner, tIle average of the maximum weights of 7 Holstein sires 
brought in from outside of the herd was 2.0!)ij pOllllds :It an averag-e 
age of 115 months for the first aT the 10 monthly weights. A similar 
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average of the maximum ·weights of 10 Holstein bulls, exclusive of in­
bred bulls, born at Beltsyille was 2,155 pounds at an average age of 
74 months. 

SUMMARY 

Studies of growth by Holstein cattle, as measurecl by changes in 
weight from birth to maturity, have been made by the Dairy Hus­
bandry Research Branch from the weights of cows, heifers, and bun 
calves that were born and raised in the experimental breeding herd 
of Holsteins at Beltsville, Md., during the past 30 years. Twins and 
inbred animals were not included in these studies. 

Because certain conditions have been maintained rather constant 
from the beginning, the Beltsville weight data are well suited for 
use as standards of normal growth. For example, good, practical 
methods of feeding and management have been used and an effort 
has been made to keep them as uniform as possible throughout the 
years of the experinlental ·work. These conditions are described in 
detail and their effects represent a part of the normal included in 
these standards. 

Tabulations of the weight dRta for Holstein females were made by 
dividing the data into nine age-l1mit groups, so that measures of 
the rates of growth covering a certain range in age would be based 
on successive weights from the same animals. 

The average weight of 400 heifer calves was 96 pounds at birth, 
394: pounds at 180 days of age, and 710 pounds at 12 months of age . 
Other average weights were 1,193 pounds for 307 cows at 30 montlls 
of age, 1,381 pounds for ~33 cows at 4: years of age, and 1,514 pounds •
for 110 cows at 7 years of age. 

The portions of the growth curves represented by the data on heifers 
from birth to 365 days of age and from birth to 21 months of age, 
and by the data for the last 2 to 5 years of age for cows in the several 
age-limit groups, were smoothed by calculating a fourth- or fifth­
degree orthogonal polynomial regression for a series of average 
weights. The differences bE:tween successive estimated ·weights cal­
culated in this way gave rates of gain that ,,-ere rehttively free from 
month-to-month variations, but that still showed long range trends 
due to age and some environmental conditions. These estimated 
weights and gains are presented as the Beltsville standards for nor­
mal growth. 

A system of (Trades from 1 to 10 for the weights of heifers, by 
10-day periods from birt.h to 365 days of age or by months to 21 
months of age, was produced from the smoothed curves of the esti­
mated weights and from simjIarly smoothed curves of the standard 
deviations. - 'l'he purpose WllS to ·have some method of interpreting 
the importance of the difference between the weight of an individual 
heifer and the estimated standard weight. Theoretically, each grade 
from 1 to 10 would represent 10 percent of all weights for a given 
age. Checks at certain ages showed this to be approximately the 
distribution in the Beltsyille herd. 

Tabulations of weights during the ages covering the first pregnancy •and the beginning of Jactation showed that at each age the average 



BELTSVILLE GROWTH STANDARDS FOR HOLSTEIN CATTLE 49 

weights of heifers pregnant more than 165 days were definitely higher 
than those for heifers not pregnant, or for those in the early stages 
of pregnancy, or for those recently fresh. 

The average weights of cows tended to be higher at ages when a 
greater proportion of them were on official test with higher levels of 
feeding and when the greater number were in advanced stages of 
pregnancy, as at 21 to 26 months of age. 

Tests by analysis of variance showed significant differences between 
the average weIghts of heifers that were pregnant less than 45 days 
and heifers that were in more advanced stages of pregnancy-at 16 
months of age and older. However, the difference at 16 months of 
age may have been affected by a tendency for heavier heifers to con­
ceive at an earlier age than lighter ones. 

Tests, by analysis of variance between the average weights at dif­
ferent ages during periods covering a range of 18 months in age, 
showed that the influence of age on weight was much greater at 
younger ages and of doubtful significance after 5 years of age. 

Special tabulations and calculations were made to prepare a stand­
ard, which would not be complicated by differences in the stages of 
pregnancy or lactation, for assigning grades to the weio-hts of in­
dividual cows. The basic weight for this standard was the average 
of the first 10 monthly weights after calving, and age was expressed 
as the cow's age at the time of the first monthly weight after calving. 
Changes in weight with age were calculated on a monthly basis from 
the difference between the basic weights of a cow in two successive 
lactations, when the cow was on test or not on test in both lactations. 
A fourth-degree orthogona.l polynomial was used to produce a smooth 
curve of estimated standard weights. Deviations of observed weights 
from < the standard weights were used as the measure of variation 
needed for establishing boundary weights between grades, from 1 to 10. 

Another table was prepared to show the relationships between the 
standard for the average of 10 monthly weights after calving and 
the weights obtained at various times during the lactation or m the 
preceding gestation ,period. These data could be used to make adjust­
ments when weights for 10 consecutive months are not available. 

There were time trends in yearly average weights of Holstein 
females in the Beltsville herd. The trends were characterized by 
rapid increases in average weights during the first 10 or 12 years to a 
level that was maintained with little change for the remaining 20 
years. 

Correlation studies showed that mature-lactation weights were defi­
nitely related to weights at all earlier ages, but the correlations were 
progressively higher for each age nearer to the mature lactation. 

Standards similar to those for heifers were prepared for measuring 
the growth of Holstein bulls by 10-clay periods from birth to 300 days 
of age afid by months from birth to 18 months of age. These data 
showed that the percentage differences between the weights of bulls 
and heifers incrensed with age, and that differences between the daily 
gains of bulls and heifers also increased with age. 
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