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ABSTRACT

THE EFFECT OF CROSSBRNEDING ON THE LENGTH OF GESTATION

PERIOD AND BIRTH WEIGHT OF DAIRY CATTLE

" The effects of crossbreeding upon duration of gestatíon and birth

weight were analyzed from data collected over a period of 1l- years from

a crossbreeding project utilizing the University of Manitoba dairy herd.

The projecË involved four breeding groups of calves: purebred HolsËein-

Friesian (tt x tt), two-breed cross (BS x H), three-breed cross A(BS x 11)

and three-breed backcross to Holstein2H.A(BS x H). The symbols H, BS

and A represent Holsteín, Brov.rn Swiss and Ayrshire, respecËively.

Estimates of the pooled effects uPon gesËaËion lengËh and birth

weight of trrio non-genetic sources of variation viz. sex and parity

(calving sequence) r¡¡ere obtained. The magnitude of the effects expressed

as weighted mean differences (ã) were:

Gestatíon Length (¡ays) ã t Se

Sex: Male - female

Calving Sequence:

0.93 r 0.44

Parities 2 an:d subsequent - Paríty 1 0.88 t 0.52

Birth l^Ieight (Kg)

Sex: Male - female

Calvíng Sequence:

2.76 ! 0.48*

Pa¡ities 2 and subsequent - Parity I 2.68 ! 0.52*

* p < 0.05



Data were adjusted for

The adJusted means r^rere:

Breeding Group

H xH
BSxH
A(ssxH)
H.A (¡s x lt)

Comparison

(ss x H) vs. (H x tt)
A(BS x H) vs. (I; x H)
H.A(BS x H) vs. (H x H)
(ss x H) vs. A(BS x H)
(ns x H) vs. II.A(BS x 11)

A(BS x Ii) vs. It.A(tsS x H)

the effecÈs of sex and calving sequence.

GestaËion
Length (days)

283.27
289.2L
28s.37
284.64

Birth l.treight
(ke)

42.79
4s "79
4L.39
4L.34

showed signíficant breedingThe comparisons among the adjusted means

effecËs. These comParisons l{ere:

ãtss
GestaËion Length Birth lfeíghL

5.72 !
3.01 t
3.18 t
2.44 !
3.11- t

-0.75 t

0. 70'.k

0.78*
0. 90*
0. B9
L.77
o.79

3.29 ! 0.68*
-1.81 r 0.63
-3 .15 r 0. 81*

7 .35 t 0.92*
5.68 ! L.72

-3.A4: C.9B

The observed values of gestation length agreed c]-osely wíth expec-

tations based on additíve gene action indicating no manifesËaËion of

heËerosis. No such agreement was observed for birth weight indicaÈing

Ëhe presence of non-additive gene action in birth weight.

*p<0.05
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I. ÏNTRODUCT] ON

Relatlvely Iittle crossbreeding is practlced in co¡r'metclal dalry

production in North..America or Europe. Several reasons can be ad-

vanced. to explain the reluctance of dairy cattle producers to adopt

a b::eeding systen which has materlally benefited producers of other

types of Iívestock. Perhaps one of the main reasons is that research

stations have not found conclusive evidence of the merits of cross-

breeding dairy cattle. Few projects have been c_onducted vtith adequate

numbers of animals over a sufficient duration of time to permit rea-

sonably unc¡ualified. recomnendations,

Experlnental evidence from both labo::atory species and econonic

species in both plants and. animaLs does suggest that the exploitation

of heterosis could contribute to the improvement of the dairy industr;,..

Heterosis has been defÍned (lush,1948) as the superiority of the

hybrid over the mean of its parental breed.s. The degree of superiority

has been found to vary wlth the trait. Thus lot+ly heritabl-e traits

loe" those which give little or no response to selection' shovr the

greatest degree of heterosis" E'xamples of such traits lnclude litter

size in swine and. egg prod.uction i-n poultry. In general, traits

associated v¡ith reproductlon have low heritabilities but respond we}l

to crossbreed.i-ng" Hlghty heritable traits e"go carcass characteristlcs

in neat aninals, show little or no heterosls frorn crossbreedinq,

The present study consists of an investigation of the effects of

c::ossbreedlng upon certaln aspects of reoroductive perforrnance in

dalry cattle, Specifically the traits Here duration of gestation and

blrth wei¿1ht. The data for the study were obtained fro:n a crossìrreecllng

proJect conducted at the Lhlversity of l{anltoba,

-1-



II. RÉIrIY'{ OF I.ITENÀTURE

A, Gestation Length

An accur^ate knor¡Led.ge of the tine to expect the birLh of a calf

enables preparatlon of the cow to be nad.e for subsequent parLurltion

and. Iactatlon e.g, drying off the cow and gettlng her in the proper

physical condition. The length of the gestatlon period becones of cor-

cern to the dairyman when 'uhe calves are carried for an extrernely long

time anC calving difficul-iies result, or when calves are born prenaturely

(Knott, I9)2; Brackel et a1, I952i and. Touchberrlr and. Bereskin, 1966).

ft is belleved by many stockmen that calves born follonlng a

gestation period. considerably shorter than the average are not likely'to

develop into animals of good. nerit. This nay be due to the grea¿uer

chance ln getting an irunatu¡e calf after a short pregnancy. At one

tlme a cow could not obtain an official Record of Perfo::nance (n.O.P,)

if the calving interr¡al- (perlod in days between successive calvings)

exceed.ed. a specified rnaxlmum perlod. (Brackel- et al,l-952). The purpose

of this requirenent was to assist in deter:lining the duration of preg-

nancy during the official testing period, and for thls purpose the

need to deter¡nine the "normal length of gestation" has been the subject

of nuch research work (Brackel gt alo I-JJZ).

1o The Nonnal Length of the Gestation Period

Mumford (191?) d.efined the gesta'"ion period as: "The period

of deveLopnent from ferfllizailon of the egg by the spenn ceII u¡tj-I

^2-



-3-
the blrth of the fully developed offspring capable of lndependent exls-

tence outside the body of the nother is known as the period of gesta-

tiont'

This definltj-on ls a theoretical one' for the tine of ferbill-

zation cannot be knom, hence, for practical purposes the gestation

period- in cattle is understood. to lnclud.e '"he period, of tine fror'l

service of the cow by the bu1I or by A,I. until the birt'h of the calf

(Knott, I%2),

An "average" gestation period- i-s not applicable

because of r+eII recognized breed differences as r¡eIl

vironmental influences upon the duration of pregnancy. Brackel et aI

(lgSZ)r reviev¡ed. the studies of many workers and outlined estinates

of "average,' gestation lengtfr (faUte t). The estinates fron several

sources were averaged. to obtain overall breed neans'

2o Causes of Variation in Gestation Length

As is the case with most traits, variatlon in gestation ]-ength

ls controlled. by both genotype and. environmental factors. t'usn (f948)

defined heritability as "the fraction of the obser"ed- or phenotypic

variance r+hich is caused by differences between the genes or genotypes

of individuals,,, ÀIim (1196Ð, using the Holstein-Friesian breed'¡ Ie-

ported a heritability of '2i as estinated. fron the paternal hal-f sib

correlation. This estinate was in agreement with that reported by

De Fries et al- (1959r) Uut less than that reported by Uheat et al (1959)

of "J0" In general¡ the heritabiLity of gestation length fall-s in the

t'nediu;lrt' Tange of values.

to

AS

all cattle

certain en-



Tab1e 1, l'lean length of

(Brackel et aI'

-4-

gestation perlod for various breed.s,

rg52) 
"

Breed Period.
No, of

0bservatlons
Average

Gestation
Length

Ayrshire

Brom Swiss

Guernsey

F riesian

Holstein-Fri esian

3lack Pied,

Jersey

Aberd.een-Angus

Hereford

Red. PoIl

Shorthorn-Beef

Shorthorn-l'filking

t922-1950

rg38-rg50

r922-r950

tg43-1947

rg22-r950

t9u+-

Lgzz-tg50

rg45-t948

1-gll+-1.9!+8

lgy+-

1g08-1944

1,171

].O,745

744

I,29L

6,164

311

3,3r3

384

500

788

1r400

170

279,8

2Bg "6

282,9

2?6.2

279,3

279,7

279,5

279,9

28J,5

285,O

28r,2

281. B
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Various reports Ìrave shom that sex of ca1f, age of dam, slre

and interaction anonß these variables cân affec¡ gestation length ln

cattle (J.f^r et aI, I95oi and Tand.on, l-95l-)" Brackel et al (tgSZ)

showed. that, breed and. season of calving affect the gestation length,

in additiolr to previously nentioned factors. l'lcDowell et aI (tgSç)

shoited thab crossbreeding had- a pronounced effect on the gestation

length in a Jersey-Sindhi crossbreeding project.

ào Sex of Calf

Research v¡orkers agîee that the sex of ealf contributes a parb

of the variation in ges',ation length (Knott, 1932¡ Jafar et al, I950i

Livesey and Bee, i-945t Srackel et al-, 1952¡ Herrnan and Spaulding¡ :-94?l

A1im, l-9651 and Touchberry and Bereskin, A966) 
"

Knott (tglZ) found. from a study of 14lB gestation period.s, that

bull- calves in the Holstein-Friesian are carried one day longer than

heifer calves. A later report by Jafar et aI (fg¡O) on the same breed.

shor¡ed that the difference between gestation periods of cot¡s depended.

significantly on the sex of the calf.

Burris and Blunn (t952) reported that sex differences were

associated with some breeds, while in other breeds the differences

were not significant (falte Z), They stated: "Hereford and /.ngus bull

calves Here carried for longer gestation periods than helfer calves,

while the Shorthorn heifers Here carried longer than the bull calves,

The difference in gestation length of the sexes was significant only

for the Angus breed" n
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Table 2. Sex differences ln ¡restation length. (Burris and Bl-unn, 1952) 

"

Sex
Fernal-es

Difference
(nays)Breed l,ía1es

Angus

Hereford

Shorthorn

All breeds

*¡ P (.05

282,9

286.8

284,2

2,84,7

2Bo "7

285 "4

284,3

283,4

2.2x

l_,4

-0.1

I"3

The find-ings of Knapp et al (rç40) vere contradictorv to those reported

by Bupis and Blunn (lgSZ); th-eir results shot+ed that nale calves r+ere

carried 2 days longer than fenale calves in the Shorthorns' Livesey

and Bee (1945) agreed. with Burris and Blunn (lgSZ) on the significant

differences in the Hereford cattle but found that differences bet-

ween sexes Ìn the Angus were not sigçnificant,

B::ackel et al (tgSZ) studied. I2J6 gesra.tions in five n:ajor dairy

breeds and reported. the results shorm in Table l"

The Guernsey and Holstein-Friesian breed showed highly signifi-

cant (p (.Of) sex effects, while the Jersey, +"he Ayrshire and the Bror'¿n

Swiss did no,, show any sig¡ificantu d.ifferences d.ue to sex' These effec'r,s

were significant when all- the breeds ì{ere conbined.

In general, pr:evious stuCies shot+ that sex of caLf has an effect

on the length of gestation period, but the effects nay vary r¡ith breeds,
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b" Effect of Calving Sequencc and Age of Dam on

Gestatlon Length

The word. "parl.ty" ls dcfined. as the state or fact of having l¡orne

offspring. The nurnber which 1s prefixed. to the word parity describes

the order of parity in relation to the reproductive life of a cowo This

can be described as the sequence of calvlng. Hence, the words parity

and calving sequence are often used" interchangeably'

The age of dam is associated, r.ì.th the parity order; a colf which

has had four calvings is like]y to be at l-e¿.st six years of age, and

a cow rhich is only two years ol.d. could. not have had. nore than one

calving, Hence, parity to a rnarked extent, is an indlcator of age and,

the effect of one is includ.ed with the other; this assunes that a

cow calves. normally each year and. that she cafves first at tr¡o yeal:s

of age.

Investigators are not entirely in agreement regarding the effect

-of, age of dam on gestation length. Copeland. (fglo), Jakubec (1941)'

Knapp et a1 (rç+o), McCandlish (1922)' l'treaver gt aI (I94?), Burris

and B1unn (tgSz), Jafar (rg¡o), Alim (tg6S), Ì'fcDot*ell et ar (rçSg)

and Her¡nan and Spaulòing (itSUZ) reported that the age or the sequence

of calving has no effect on the length of gestation period' or that

the effects are too small to be significant" On the other hand,

Jordao et a1 (tg+3, 1938 and \%g)i Johansson (r9zg) and Davis et a]

(fg:4)e reported. that age of cow has an effect on gestation leng:th,

The v¡ork b¡'Johanssot (t9ZE) showetl tha'u calves of first parity are

carried 1.1 days less than the average ol all the con-.ecutÍve gesta-

tions; the difference Has sl¡lnificant. Touchberry and. Bereskin (fpeg)
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reported partty effects in +"he l{o1steln-Friesianr but the rnagnitude

of these effects tras ir the opposite direction to those reported by

Joharisson(fçeg); they statc¿ that calves of first parity r+ere camied

1"4 d.ays longer than the average gestation Ìength, whereas the seccnd

anrL third gestation were not different than the nean gestation length.

fn other word.s, only the first gestation period was lcnger than the

breed. nean gesta'rion period.

Brackel- et aI (tg5Z) found that the length of gestation period.

appears to increase slightly until the dam is five years o1d.

cr The Sire Effect on Gestation Length

Bu¡ri-s ancl Bl-r:¡n (tgSZ) detected- sire effects on gestation length,

but these effects were not significant, The results of Gerlaugh et aI

(f95f), showed that the sire as well as the da¡r influenced gestation

length.

Touchberry and. Bereskin (1966) report,ed. that calves by Holstein

sires Ìrere carried, 4,4p days less than those by Guernsey sires, tthen

the dams were purebred. Guernseys. l'IcDowell et al- (fç¡g) reporbed tha',

Jersey-Sindhi crossbred. calves carried by Jersey dans are carried 5 - 8

days longer than the purebred Jersey calr'es. This is general-ly the

crossbreed.ing eflect r,¡hich includ.es the effects of breed of d.am, breed.

of sire and. breed of foetus, together with all other randon effects,

d" The Effect of Breed on Cestation Length

It is stated- by most r¡orkers r+ho have ccnpared various breeds in

regard. to gestatlon length, that breeds contribute to the ¿arlatlon in

gestation length.
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Table 1 presented. the mean gestation length for a number of breeds;

Brackel (lgSZ)" Herman an¿ Spaulding (194?) estinated the mean gest-

ation length ln Holstein-Friesian, Jersey and Guernsey dairy cattle as

2?B,II, 280 ];6 and. 284,00 days respectively. The differences anong these

estinates were significant,

Port,er et aI (t565) reported that the difference between the gesi-

atlon length of the Holstein cattle (279 aays) is one day longer than

that of the Ayrshire cattle (Z7B aays), and the gestation length of

the Brown Swiss cattle (Z9O aays) is ff days longer than the Holstein

cattle,

Brackel et al (tgSZ) reporLed an average gestation length for

the Holstein-Friesian similar to that reporLed by Hernan and. Spaulding

(tg+Z) and. found that the average gestation length for the Holstein,

the Ayrshire and the Jersey dfd not significantly dlffer; however, the

difference between Brovm Swiss and Guernsey and the other three breeds

was signlficant.

McDowell (tgSg) reported. in crosses invol-ving Jerseys and Sindhis

that for each ?J percent of Sindhi inheritance, there was an j.ncrease

of ap¡roximately three days in length of gestation period..

Ihe report by Touchberry and Berestin (f966) on crossbreeding

Holstein-Friesian and. Guernsey cattle showed that for each increase of

t/8 ttotstein in breed.ing of the dam the gestation period of the calf

d.ecreased. by.33 daysand the Guernsey dams carried their calves 2.6 days

longer than the Holstein-Friesian dams,

ec Effect of Season on Gestation Length

There are conflictlng reports in the literature concerning dlffer-
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erences in 6estation len¿çth due to seasonal effects,

I{erman and Spaulaing (f94l) ancl Al-ex¿rnder (fçlo) workin6ç rrlth

rlairy cattle, agreed. that in most casesu gestation length based on

date of calving was shorter for loirìt"t calves than lt wa.s for summer

ca.lves, where winter ls d.efined- to includ.e the rontt," of December, January,

and- Februa.ry and- summer includ-es the months of Juneo Ju1ye and Aug.ust.

The report l,y Herman and Spaul.rJi rig shoued. a slgnificant difference of

I - 3 days due to seasonal effects, lfim (f96J) reported a difference

of 2"7 da.ys in western breeds of dairy cattle in Suclan, du::ing the sunmer

season.

Br:aclçel e,t al (lgSZ) grouped. the gestations of three dair-y breecls,

Holstein, Âyrslri-reu and. Jersey cattle from the Ohio State University

hercl for the per:iod 7922-194), aceording to the month of ca1-ving. They

found. that the longest, lnean was for April calvings and the shortest l+as

for l{ovember; the difference was )"2) days and. highly signlficant

(p ( ,or),

Jafar et aI (fg:O) re.ported. that nejther the year nor the season

affected gestation length"

fn Interaction of Factors Affecting Gestatlon Length

l'lost worl<ers assume the ind.ependence of the factors affecting

the gestation len6tho and that inLeractiolrs; among these facLors eithe:'

do not exj.st or are of ]ittle irnportance and negllgible.

)urris and Blunn (tgSZ) reported that the interaction betrteen

the sex ol'cal"f anrl breed. t.tas nof significant, while bhe report by

McDor¡el} et a] (195cf ) founcl. that this lntcraction as t¡ell as thc inter *

actir¡n beLween sire effcct anrl sex effcc'i, were slgnificant.
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Jafar et a] (fçSO) vro::king with the Holstein-Frieslan breeri. re-

porl"ed t.hat the interactlon betr¡cen sex of calf and calving seq_uence

has a signiftcant effect on the 5çestaLion lengi;h. (tatte 4)

Tab1e 4. Analysls of variance of gestation period.s'for sex ancl ca.lving

sequence, (Jatar et aI, l-95O) 
"

Source
of

Varlation

Degrees
of

Freed-om
Mean

Square

Between Sexcs (a) 1 )2j.gxx

Between Calving
Sequence (B) 4 Jj.B

Sex X Calving
Seguence (a x n) 4 5),o*

x{'P < ,01

xP < "05

B, 3irbh. l'lelsht

The size of cal-f at birth exprcssed. as welght, has at ti¡nes been

a problem to thc dairyman. IIis aj.nr is.; to ¿1et cal-vcs as largc as possi-

bLe bu'L v¡ith r¿j.nimurn calving problerns.'

. Ever:ett ancL l4agee QçeS) rclrorterl that, in the state of I'lichigan,

about 2Ol' of the artificially brccl dairy heifers were mated- to Angus

bttlls, ln orderLo produce smallcr caLvcs ancl thus reduce ca1ving proLrl ems,
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They t:cportccl that some dairy bull"s si.re larger cal.vcs than olhers,

resultin¡1 in a grcater lncicLcncc of cal-vlng prob)ens, and on occasion,

a recLuction in subsequcnt milk production of the dam,

Beef cattl-e researclr r+orkers have shown that blrth weight can be

usecl to predict weaning weight, (Gregor¡' e! r1 I95O| Koch and. Clarl<,

1955), weight at one year (Xoch and Cl-ark , Ig55), rate of gain to

weaning, rate of gain during fattening, or rate of gain frorn birth to

slaughter (Dar+son et a.1_, 1947¡ Gregory et a.l , I95O¡ Knapp et al-, 194.0;

Koch and Clarì<, ).g55; and. I,1artin,f956), fattening performance ancL final

rreight (eierce ut qI, 1954")

fn spite of the fact tha.t birth welght is a body characteristic,

some da1ry research workers have tried. to correlate birth weiglrt of

a calf and- milk production of the d-a.m following the bi::th, Legault and

Touchberr¡ Gg62) found. a non-significant correlation between birth

weight and the imnediate lactation of the dam; these results agree wi-th

those reported by Blackmore et af (fg58) and. lvtartin (t956),

1o Variability' in Birth l,Ieight

Birth weigh{, is only partly the result of heredity, as environ-

mental effects col-lectively contribute a major proportion of the

variabÍlity,

Various eslimates sho¡.¡ that the heritabili.ty of birth r.reight

rlanßes betv¡een ,22 anù "Jl (Bun:1s and- Blunn, l-952; Kocir and C1ark, 1955;

Legault and Touchberry,1952; and Everett and I'iagee, 1965), Jn 55eneral

the heritability of birth weight is considercd to be of nrediurn vaIue.

Birth wei¡3ht is a variable, ar"d lts vari¿rbil.ity depends on severa-l-
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factors. These facto::s can be classified as genetic and envir:onmental.,

In order to demonstrate the va::iability in birth t.teightso Table J

was adapted from various literature rîepol:ts.

Table J" Birth hleight of Certain Breeds of Cattle.

3reed.
Average Birth
I'lelsht (ks) Reference

Holstein

Holstein

Guernsey

Crossbred.s
(Guernsey x Holstein)

Hereford

Angus

Shorthorn (Beef)

M.,27

l+r,65

30,60

3?.56

30.58

29,T8

29,19

Ðverett and i.iagee (lgSS)

Touchberry and Beresltin
(r.e66 )

Touchberry and Bereski.n
(re66)

Touchberry ancl Bereskin
Qgee)

Burris and- 3lunn (tgSZ)

Burris and Bl unn (tgSZ)

Burris and. Blunn (tgSZ)

2" Factors Affecting Birth iieight

Specific factoi:s nhich have been found, to affect bi::th r"eight

are !

1. Sex of

2 " Pari'by

3, Age of

l!, Season

calf

sequence

dam

of calving



-15-
5, The brecd. of foetus and breed of dam

6, sire

7, Gestation lengLh

B. Interactionr; alnong the abor,'e factors

I , Rand.om effects 
"

ao TIte Effect of Sex of Calf

Various authors (Itckles, :19:19i Espe et a.Irl932; Fitch et al-, I924i

Þ'ohrman, 1939; llcCandlish, I)22g Ragsdale, l9)3; Ty1er et al, 1947;

Iiri]lard-, 1948) reportecì- a range in birth r+cights fron )2,9 Lo 101,0

pounds for rnales, and. fron BJ ,5 Lo !4.0 poünds for fenales. The esËimates

of Davís er a-l(1954) agree l'¡ith these Ìranges and. the d"ifference betiteen

the neans of males and the females were significant at the l% Ievel- of

probability. l,iales r¡ere heavier than females by an aveïage of 6,4

pounds, , Table 6 shows the estimates of Davis et al (t95t+),

Burris and- B1çnn (lgSZ) stated that the adjustment of birth weight

records for sex effects should be done before any conìparj-son can be mad.e

anong the means of birth weight of the various gloups of cattle. They

reported highly significant differences in all the beef breeds studied

(r (.of)" The d-ifferences are sho',¡n in Table 7, Porter et al (1965)

reportecl significant sex differences in the three 
.dair:y 

breedsn Ayrshire,

Hol-stein, and. Br:or.¡n Sl.¡isso Hi-s estimates are as fol-lor¡s:

Breed I'f -F

Ayrshire

Brov¡n St¡iss

Holstein

78

101

99

7

B

6

7I

9)

9J

Birt.h Ueisht. (1b



Table 6"

-,tb-

EffecLs of Sc:x and- Calvlng Sequence

of l-Íol-stein-Friesian Calves (Dav1s

on the Birth l'lei¡5ht

et al o I95t+)

Calr¡i np-l

Sequence l'íale , Fenale
Differences

(t'iale-Female)

1

2

)

4

5

6

7

B

92 "0

99,J

100.7

99,5

94,6

ooo//. /

92,I

r03,7

85,?

90 "7

93,3

95 "?

95,4

92,l+

94,7

85,2

6,3

8,6

7,4

3,8

-0"8

?,5

-2.6

18,5

All Ca1v-ings 96 "? 90,3 6,4

the work of Brinks et al- (fç6f) reported, that in the Hereford- breed,

males are heavier tlun female calves by 5"1 pounds at birthr which

agrees wtth those of Burriu anà Blunn 1952; Knapp et al, 1944; Gregory

et al, 1950, and Koch and. Cl-ark' 1955,

Touch'berry ancl Bereskin (196ó), I'icDo¡'¡eÌ1 et al (f959), ana

Legault ancl Touchberry (tg(rZ), working with clairy breeds ::eported

tbat se>: of cal.f has a pronouncecÌ effect on the birth weight . The

report by Touchberry and. Beresl<ln (1966) stated. that male cafves are

heavier than female c¿rlves by 2,,l+B I<g at birth, The differ:ence Has

founrl to bc highly significant (t (,01),
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bo Age of Dam and ParltY Effects

Davis et aÌ (lgSU); Legault and- Touchbe::ry QgAZ); Totrchbe::ry and

Bereskln (1966); and l"1cÐor+eIl et al (fgfç), showed that parity se-

quence has an effect on the birth weight of the calf, and stated

that the first cal.f is more lil<ely to be the lightest arìong its mater-

na1 sibs o

Braud.e and- l¡lall<er (fç4g); Venge (fç+g) and Knapp et aI (f9¿rO),

found. tlrat age of dam had. an influence on the birth weight of the

ca1f, wlth the heaviest calves being born to relativel-y young cows'

frorn four to six years of age; this means that the fir:st calf is lightest

on the average, the second. or the third are the heaviest among al.1 the

sibs, and calves of later parities are averagee findings r+hich agree

riith the report of Touchberry and Bereskin (1966),

The r+ork by Bunis and Blunn (tgSZ) r+ith beef breeds shosed the

same trend but on a d-ifferent seale, the naximun birth weight of calves

is not reached until the cor¡ is nine to ten years of age. The co-

efficient of regression of birth weight of the calf on the age of dam

was 1.041 pounds per year and. the coefficient of correlation among

these tralts r+as ,970; both coefficients are significa-nt (f(.05).

cc The Effect of Sire and Breed. of Si::e on Bi::th lleight

Horking ¡.rith beef breeds of cattle, Pian (fg¿/+) dicl not cletect

any infl uence of the slre on the birth rreights of calves, whiJ e Rhoad

et aL (19'45) reported cluite definite sire effects on rreight of the

calf at birth.

Touchber:::y and Sereskin (lç66) repor:ted that calves sired by

Holstein bulls r+ere 2,54 l<ß heavier than those by Guernsey bul-J.s, when

the dalns in both cases werc Holstein-I¡riesian pur:ebrecl¡;. Thls differcnce
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nright be caused by the genotype of the breed of foetus, to wh.l-ch the

sire contributcd !02, Hence, the breed of sire might have dlrectly

affectecL the birth r.relght of tlie foetus.

I'lcÐowe1l et a1, (f959) and Gregor-v et al., (1950) ale in agree-

nent with Touchberry and Bereskfn (1966) abou'b the'effecLs of breecl

of si::e" The report of McDouell et al, (tçSÐ shovred that cross-

bred Sirrdhi calves from Jersey dans were heavier than pureb::eds from

the same dans. Thj.s difference might be e>:pJ-ained in the sarne manner

nentioned before.

du The Effects cf Breed on the Sirth Weight

Burris and- Blunn (lgSZ) reported that the average birth rveÍght

for the Angus, Hereford and Shorthorn cattle were 64.2'67.4 and 64.3

pounds respectivell'o The Hereford was significantly heavier than

both 'bhe Shorthorn and the Angus, while there vlas no diffe::ence betr¡een

the last two brec'ds in average birth weights. Davis (fç¡t+) reported

a rnean birth treight of 93,5 pounds for the Holstein-Friesian breed of

cattle, and the report by Touchberry and Sereskin (tc¡Se) statccl that

the Holstein-Friesian cal-ves at birth are heavier than the Gtternsey

calves by ),62 kg," This difference was observed after adjustment of

reco::ds was d.one for the effects of parity, sex' treight of dan and age

of dam. Besj.des the differences among purelrreds, it seems that there

are a-l-so effects of the various combinations of brceds r+hen the¡r a::e

preserrt in the genetic cor¡position of crossbreds.

I,laiclu and Desai (196Ð found. from thcir study of crossbred.s

(U x Safriwat) that the ratio of the Hols;tein-Friesian ¡lenctic pool
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present ln the crosses has a pronounced- effect on the birth t+eights

of calves. The report shorred that the ratios tZ/32 - IJf)Z ana

t6/lZ - fg/)Z had the highest birth weights among al-I crosses' with

birth weights of 5?.1 and. 63"0 l-bs. respectively r+hich are heavier

than those of the purebred Sahir¡a1,

Eltis et al-, OgeS), reported that breeds and crosses were highly

signlficant sources of variation and- heterosls occurrecì' in crosses

and backcrosses involving the Brahnan and Hereford breed-s. Their

results, shown in Table 8, are in agreement with those reported by

cartwright et al, (rç:8), and Baker and Black (rç¡o), vhich indicated'

some de65ree of heterosis in birth weight,

Table B" Comparisons among neans of birth rreight (ft') for Purebreds

and Crossbreds (Atfis et aJ, 1965,\,

Group I'f ean
% Advan+a.ge over
l.lean of Purebreds

Hxl{andBx

HxBandBx

BHxHandBH

HxBHand.B

BxBHandBH

B

H

x

X

B

BH

BH

66,5r

73,72

70.14

?r,96

6? "8)

St¿ndard

10,8

5,5

8"2

2.0

B: Brahnan
H: HereforC

It was reported by Foote gt al-, (tçSg), tlo't sire -line has a

significant effect on the birth weighls of finebred Holstein calves.

The arnount of inbreerling in the <lan or the offspring did not show any



-2r-
significant effects on the birth r+eight of calves nhen the ave::age in-

breed.in5ç in the darn t'ras 24 "T/" and. in the cal-f was 24 "ffi, Table Ç

shov¡s the neans of the six sire lines,
I

Table t. The birth weight rneans of calves from six sire lines of

Holstein cattle.

sire l,ine(a) Line iqeans(b)

Hartog

Netherland

I'iooie

Lala.ur

Ollie

Belnont

83"3

?7 "6

85 "?

80"2

75 "a

81.1

B5

82

75

96

I00

9B

(r) Data are from the Ho.l-stein-F::iesian herd at the University of

l,trisconsin (Foote et aI, 1959) 
"

(¡) Females of first parity adjusted record-s

eo Heterosls in Birth 't'leight

Gregory et AL, (fçlO), reporting on the Nebraska crossbreed.ing

project, stated. that crossbr:eds showecl significa-nt hetero'Lic effects,

the crossbrerl,s averaged- a d-ifference of 2,? ! O"J pounds heavier than

thc purebrerls in birth rteights, The project dealt t¡i.th crosses of

Her:efordo Angus and- Shorthorn breeds of cattle"

Ellis et al¡ Qge5)' reported on the heterosis in birth rueight
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resul ting from Brahnnn*Hereford crosses at the Texa.s }trrperirnental Sta.-

tion; the heterotic effects r.¡ere estimated to be 10"8 percent in first

cross calves" Backcross cal-ves from crossbred cor'{se exhibited. 5,5 per

cent heterosis and calves fron purebred- cot"rs but sired" by firs-i, cross

bulls, exhibited- 8"2 per: cent heterosis" 'Ihe F2 calves exhibited

about 2 per cent heterosis" These resul-ts a.re in agreenent with tire

results of Cartvrright et alu Q959) and Bal<er and. Black (lç:O), which

j-nd.icate some degree of heterosis in birth weight o1 various crosses of

beef cat'ble 
"

fu The Effect of Year and Season of Calving on Birth l,leight

The effects of year and season ar:e often not neasured. in an ana-

lysis of the factors affecting birth weight, Their effects can be reduced

by analyzing on a within season and year basis" However, some workers

have estÍmated these effects and- their results are contrad-ictory

Bunis and. Blunn (lgSZ), found that the year of calving has no

effect on the calves0 birth weights, This might be due to the rela-

tively uniform envirorunent which might have reduced the variation to

a ¡ninirnum 
"

Gregory et al, (tç65)¡ at the Nebraska Experimental Far:n, esti-

nated the year effects from three breeds; namelyo Hereford, An6;us and

Shorthorn¡ brought to the station fron Nebraska, Montana and Colorado.

The herd was left on pasture durin6 the time of the experirnent. The

results showed- highly significant effects of the year of calving on the

birth weights"
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go The Effects of Gest¿tion Length on Dirth llelght

There ls evlclence that gestation length has a d.efinite effect on

the birth weight of.calves. Davis et al, (lgst+), found these effects to

be highly signlficant (f( O.Ot) and accounted for 8,2 per cent of the

variance ln birth weight, Buris and Blunn (tçSZ) reported that the

effects of gestation period counted. for /.1 per cent of the variance

in birth weight"

Braude and f,ialker (fç+g), found in Shorthorns an average j-ncrease

of "91 Ibs. in birth weight of calf for each day it Nas carried beyond.

the normal terr' (expected. day)"

AIim (19óJ) reported a coefficient of correfation of ,26 between

the gestation length and- birth r+eightn Burris and Blunn (1952)'

reported q coefficient of correlation (r = ,24) close to that re-

ported- by AIim (L965)" Soth estimates were significant at the L% Ieve}

of probabilityû .



I]I . Ì'lÂ']'ERTALS At'tD METÌ]OÐS

The data for this study wcre coll-ected fron a crossbreeding pro-

ject with dalry cattle whlch was initiated at the Universlty of

l,lanitoba in I95?. The data usecl were obtained during the years :rJJ?

to 1968 incluslve.

The basic plan of the project was to utilize ,the purebred Hol-stein

femal-e herd to produce both purebred and crossbred daughters' the

latter to be sired by Brown Sr¡iss bul-l-s. Crossbred daughters were

mated to Ayrshire sires to produce lhree-breed cross offspring,

These in turn were brecl to Holstein sires to complete one cycle of

what is known as a thr:ee-breed rotalional c::ossbreeding system. The

following synbols are useC to designate breeding groups:

Breedin_q Croup

HxH

SSxH

a(ls x H)

ä.l(ns x H)

Breed o'[ Sire

Holstein

Brown Swiss

Ayrshire

Hol stein

Breed of Dan

Holstein

Holstein

BSxH

a,(as x H)

The Holstein herd was maintained throughout the experinental

peri.od by breeding some fe¡iales each year to prcduce purebred offspring.

Artificial- insernination was used almost excì-usivel¡i; ep-ch bul1 in

the program sired a liniterJ nunber of daughters, the naxinurn nunber

not exceecìi.ng ten. The. herd consis-ted of tr¡o bas.ic groups (pur"-

breds ancì. crossbrerl s (in tne latter there were Ëwo i.vDes of cross-

breds) .

Records of perforÍnance anrì pl'oduction were kent throuahout the

project" ]Jirth weights Hcre recorded in pouncls wit.hin twentv-four

-24-
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hours fron the time of birth. The ¿5esla*uion length was taken as the

number of days between the last service date and the Cate of cal.ving,

The number of gestation periods, birth rveíghts anrl slres for the

calves included in this study are listed in Table 10.

The use of a large nunber of sires of each breed was undertaken

to obtail'ì a representative sanple of the breed in questícn. In the

early years of the project Iltt1e infornation Has avallable as to the

genetic merits of the sires: thus the sires coul,d have been consid-

ered a randon sample of the breeds" In the ]ater vears uith the Holstein

breed rsires were normally sel.ected on the ba.sis of their contemporary

proof for milk lroduction"

A very high proportion - at

both purebred and crossbredrÌ¡ere

of femaLes was done on the basis

on a pedigree analysis,

Least \UZ - of the fenafe calves,

saved for breeding purposes. Culling

of their om perforlnance r'ather than

Due to the fact that the records did not indicate birth weights

prior to December I95?, and because of some missing.data , the

number of birth weight records j-s not equal to the nunbers of gestation

period records. This difference woul-rì not affect the resrrlts, for

each trait ças anal¡'sed separateì.y"

Only the t,i rth weishts and gestatlon perÌods of live sÍngle

blrth calves were lncluded; i.e, data lnvoJ-ving tr'¡in bírth-or dead

calves at birth were excLuded.

The objective of the present study was to deternine the effects

of crossbreedlng upon gestation length and birth weight of dairy

cattle, To obtain unbiased estimates of these effects, j.t was necessary
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first to estima.te the effects of certain "environmental-" factors

upon the traits under study. The literature review suggested that

the "envlronnental" factors likely to have the greatest effect on

the traits Heïe parity of cow and sex of calf. (Sex ls not "envlron-

nental-" ln the usual sense of the word, but can be considered as such

in the present context). The effects of both sex and parity were

estimated for gestation length and birt.h weight. The naterial to

follor.¡ ind.icates the statistical procedure employed to estimate the

effect of sex upon gestation length, using the method described by Seale (1965)

1o Method of computing sex differences for gestation length:

The average difference in gestation length betvieen

the tv¡o sexes Has computed for each year within

a calving sequence (parity), and breeding groupc

ïn symbolic form:

- The I'fodel:

xttjin = Arji + skfji + ekfjin

where:

. Xt t¡tn = The gestation Length of the nth calf, of the kth sex,

of the fth calving sequence, of the jth breerling group,

raised in the ith year.

Ät3i = The population rnean of gestation length, of

the fth calving seouence of the ¡th breeding group,

raised in the ith year.

skfjl = An effect connon to all individuals of the kth sex

of the fth calvin€: sc?quence of the jth breeding group

raised in the ith year.
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etf¡in = a resldual effect on Sestation l-enslh, of the

nth calf, of the kth sexr of the fth calvlng sequence'

of the jth'bre"ding group, raised in the ith y"tt,

k = 1 or 2 (nale or female)

f = 1 or z (first or subsequent calving)

j = 1, 2' 3, or 4, r¡here:

1¡ H x H

2¿ BSxH

3t e(ns x

4¿ H.A(BS

i-=1¡ 21314,

1: 1957

2¿ 1958

)t 1959

4s 1960

5¿ t96I

6z l-962

?z 1963

8: l-964

9z 1965

l0: l-966

11: 196?

12¿ 1968

H)

6, ?, B, g, 10, 11, 72,

H)

x

5,

The reason fo:: groupin6 the data into two calving sequence

(parity) groups, first anrl subsequent, is that most research r¡orkers

have found that second and laËter calvings r;ere both considered to harre
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a.lmost the same ef fects on gest.ation lengEh and birth weight, (Johanson,

L92B; Touchberry and Bereskin, L966; Brackel -et al, L952; Braude and

l.lalker , Ig4g; Venge, 1948; and KnaPp eE al, 1940).

let Ï.... and Ï^... represent mean gestation lengths for ¡nales
Irf r- ¿tJr-

and fernales respecrively of Èhe fth parity of the ¡th bt""ding group

raised in the iËh y..t

Then:

1" Independence of all ets; (the residual effects) and,

2. Homogenej-ty of variances of the residual effecÈs over sexes'

parities, breeding groups and years.

urjr=*rf¡i-*rrji

provides an estimate of 
"tt¡i - =Ztj, (ttie mean difference betr¿een sex

effect,s of the fth calving sequence of the jth br.eding group raised

in the ith y".t)

The weighEed mean difference betr¿een sexes within a parity and

breeding group for all years, \.tas obtained as:

=- -fur--' +¡r)ds., = 
-'--*rJ à w-..
l- If l-

Where:

N- -.. N^-..
Y' _ Irll- _¿r1r
llt-..tJa rr-r- Ntt¡i * *rtji

N,... = number of male calves of the fth parity of the jth breeding
rIJ l_

group raised ín the ith y."t.

N^... = number of fenale calves of the fËh parity of the ¡th breeding
¿tJL

group raised in the ith y.t.

Variances r.rere estimated assuming:
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Let V-. = variance of the resídual effectsfJ
._ rh
f Dreeorn8 grouP.

Then:

for the fth parity of the

of the weíghted uean difference

+F (xzrir,,-lzrii)2

u(Orjr) =

w-. .lJa

and: v(-dsrj)t

v(ãs-.) =rJ

v-. v-.I't r'l*-
NrrSi Nz15 i

,,,(*.#
,-.1*rr,, 

* *rr,, \"t'l-,,r- %" /

. v-.rJ

Ëhe pooled variance
.l

Z wi.. v(d-..)I r]a fla

r ã w-.. )zI l_la

but: v(drjrr=fr"urj
, 

fJa

v-. ã w-..
rhen: uco'¡r, =ftffi

r- rJ r-

v--
: - 

11

ä 
"-..l- rJa

V-. r¿as estimated as follov¡s:rl
-s21¿- (x--.. - x-...) +
1 n Irlan lrll-T'rf +(trrji**zr3t-2)
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then:

^
^_ v*
V(cis.,) = 

=-rJ è t¿-"r rfl-

d"-. is an unbiased estimate of the mean difference bet\^¡een sexes
tJ

of the calves of the fthparityof the 5th bt".ding group, raised in all

Èhe years of the project. It is assumed that there is no inËeraction

between sex and calving sequences in both traiËs, birth weíght and

gestation length. The assumption of no interacËion was irnplicít in

the assumption of independence among residual effects (Snedecor, 1956;

Steel and Torrie, 1960)

The seme method was used Eo estimaÈe the difference in gestation

length resulting frou effects of paríty. The effects of sex and parity

upon bírth weights were also estímated by the sâme procedure.

The effects of sex upon gestation length were estimaËed \riLhin

paríEy and breeding groups. Sirailarly the effects of parity upon

gestation length were estimated within sex and breeding grouPS.

The analysis of variance indícated thaE there were sígnificant dif-

ferences for each sex and parity. In adjusting to reduce the

effects of sex uPon gesËation length,the estinaEes specific for a parity

and breeding group r.rere used. In the case of sex, records r+ere adjusted

to a male basis by adding or subÈracting the appropriate dífference

to each fenale record. For parity effects, all records were adjusted
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to a second and subsequent parity basis. The same methodology was

used Ëo adjust birth rvelght records.
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IV. RESULTS

The effects of sex of calf and. parity sequence on each of

the traits studaed i..e. gestatlon length and blrth weight, are in-

dica.ted in lables 11 - 14 o '

A. Gestation Length

The weighted mean differences (ãs¡¡) between sexes of calf

in gestation period conputed withln parÍty and breeding groups are

indicated in Table 11" The pooled estimàte of the effect of sex upon

length of gestation period" was ,93 + .44 days, nales having the longer

period.u The pooled estirnate of the effect of parity upon gestation

length r+as ,BB ! .52 days, (taUte tz), In this instance, caLves born

in second anrJ subsequent parities have longer gestation periods than

those born in the first parity

Records of gestation length were adjusted to reduce the effects

of sex and. parity upon the estimates of duration of ¿çestation. Adjust-

rnents reduce or elirninate sources of bias and thereby facilltate con-

parisons betwe.en and arnong breeding groupsu In the present study all

record.s pertaining to gestation length were aO¡usted. to a male birth

and second and la"te:i parity basis. In the process of adjustment co-

efficients comesponding to the pertinent breeding group, sex and

parity Here computed. (Table 15) " The coefficients were added to or

subtracted- from individ.ual records for gestation l-ength.

In adjusting record.s, the parity and. sex effect for specific breeding

groups t+ere used in preference to the overall differences. The

effects of sex upon gestation length (Table 11) were slgnificantly diff-

erent among breeding f,roups; slnrilarly, breed differences were apparent

ln the effects of parity (taUle 12) 
"
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The use of rveighted mean differences to estimate effects may

require some elaboration. In the present study data were not avail-

able for all breeding groups in all years. The only breeding group

present in all years ivas the purebred Holsteíns (H x H); this breed

could thus be used as a standard for comparisons. The two-breed

cross, BS x H, u'as not present during the period L966 - 68. The

other groups A(BS x H) and H.A(BS x H) were born first in 1960 and

1962 respecËively.

In the classification of daËa into subgroups of breed, parity'

sex and years, some of the cells contained no information or such

fe¡v observations thaË an ""c,rr"t" estimate of differences r,Ias not

possible. Combining the observations from cel1s in rvhich the same

differences (either sex or parity) could be estimated yields an

estimaËe of the parËicular difference. I{eighting according to numbers

r^riËhin a subclass provides a tnore precise estimate of the overall

mean differences (Steel and Torrie, 1960).

WeighÈing eliminates errors arising from the disproportionality

of m:mbers within subclasses (Seale, 1965). For s>(rmple, in certain

years l'rithin a pariËy and breeding group, the frequency of males may

have been less than that of females. An unweighted difference deter-

mined over all years rvould be biased because year effects could be

present. Sirnilarly in esti-mating parity effects, disproporÈionality

of nr:mbers in first as opposed Ëo second parity classes could lead to a

biased estimate of the effect of parity.

Confounding may arise from the disproportionality of the sub-

class ¡r,mþs¡ (Seale, 1965). For example, in certain years within 
" 

p"tity 
"rrd
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a breeding group ttre frequency of males v¡as less than females, or

vice versa. Additionally one of the sexes may not have been pre-

sent in a particular year. Then the unweighted differences deter-

mineri over all the years rn,oul-d Ue ¡'iaseA and unreliable, Sirnilarly,

in estimating parity effects rlisproportionality of numbers in first

as opposed to second parity classes could lead to a biaserl estirnate

of 'bhe effect of parity.
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TabLe 16 shor+s the unadjusted anrl the adjustcd gesta.tion lengLhs

for the four breeding groups. Comparisons among br:eeding ßlîoups by using

unadjusted neans are not valid because the means includ.e all. data.; no attempt has

been made to account for year effects. As noted previously' only the

H x H group lras represented in all years. 0f note ho!¡ever is the fact

that t,he H x H group recorded the shorLest gestation per:iods. The d.if-

ferences between this group and tne (nS * H), a(nS x H) and. U.A(fs xn)

groups ttere J,94, 2.10 and 1.J'l d¿¡'s respectÍvely.

Tab1e 17 shows the results of compari-sons made among breeding

groups computed on a wl.thin year basis: individual year: differences

are poolecL over years" In effect, breeding groups ïIere compared for

only those years in r+hich observations r.¡ere recorded for the two groups

being compared.

The dulation of gestation was shorter in Hol stein purebred

natings than in any of the crossbred matings, The differences between

(H x H) and- (nS x H)u a(as x H) and H.A(BS x H) are 5,?2, 1.01 and

),12 days respeetively. These estimates of differences in gestation

period vary to a linited- degree from those derived- from Table 16.

The differences anong crossbred grouÞs, rqhile not statistical-ly signi-

ficant, are of a magnitude that would be expected fron a knowledge of

the conpzrisons r+ith the H x H €{roup.

There are no significant differences among the crossbreds, hence

they are considered. to have the sane pçestation length"
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Bo The Blr-Lh lrl.ei.ght

I^leighted mean differencesi(ã"r,) between sexes in birth r+e,ights
I-l

computed. on a ulthin breedlnß group, parity and year basls are lnd.i-

cated in Tabie 11, The pooled estimate of the effect. of sex was 2,16

t "48 kg. nales belng heavier at birth than females. The effects of

partty upon birth r+eight (second and subsequent parity vs first parity)

are indicated. in Table 14" The pooled estimate was 2,68 + ,J2 kg, în

fa.vor of calves born to second and. subsequeirt pregnancies"

Ad.justment of birth weight record.s was cond.ucted by the same

technique a-s was used- to adjust gestation lengths, All birth weights

were ad-justed to a maIe, second. and. later parity basis. The weighted

mean differences computed. within breeding groups were usecì. in adjusting

records rat,he:: than the pooled estimate involving all breed.ing groups,

Coef:ficients used. in adjustlng records are summarized. in Table IB.

As in the adjustment of gestation records, the adjustnrents to

birth weight recorcls were undertaken to reduce the overall variance

and to reduce the portion of variation due to sex and parity effects.

I"lore reliable estimates of d-ifferences between brecding groups can be

obtained- from ad.justed reco::ds.

Overall means of birth rveights (totfr adjusted and unadjr.r;ted) for

the four breed.ing groups are j-ndicated in Table 1!. Neither sets of

means have takerl year effects j-nto account, l'lore accurate estirnates

of the effects of breeding €lroup upon birth vreiglrts are shor"n ln Table 20.

l'lea.n differences welle comput,ed nithin years and poolcd to provide the

esti¡nates (ã) of differenccs betr.reen groups. 1'he records userl. in the

conputat.ion harl. been adjusted fo:: sex and parlty effects,
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The analysis of varlance uas caruled out on the recor:ds acljustecl

for sex and. parity effects in the rnannel: described. ín the material s

and method-s sectlon"

Table 19 shov¡s the unadjusted. lnutn gu"tation period,s of the four bree-

ding groups ; also ind-icated. are the neans adjusted. for sex and-

parity effectso

Table 20 shor+s the compu'bation of the weighted. mean difference

(ã) Uetween paired. breed.lng groups and rvas computed by the same method

as used" to determine the effect of sex and parity on birth rveight.. Com-

putations were nade within years on records acljusted. for sex and

parity effectsn The cross -BS x H was slgnificantly heavier tha-n

the r{. x I{ and A(tsS x H) by J,2) + .68 kg. and ?,35 + "92 kg,

respectlvely, The group H x H uas significantly heavier than the

H,A(BS x H) by 3,I5 ! .81 kB, The cross H.A(BS x H) was significantly

heavier than the a(lS x H) group by 1.04 t .g8i kg" The difference

betr^reen the H x i{ ancl a(fS x H) nirth weights e¡¿s not significant

nor was the difference betr¡een the BS x H and H.A(IS x i'l) rrhen

both were tested at the 5% l-evel-. of probability,
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D]SCUSSIOI.I

A " Sex dlfferences

The analysis of the data shol+ed that sex effects we::c present

in both traits under study, namely gestation leng'"h and birth rveight,

The records ad.justments v¡ere then necessary in order to exclude these

effects before any coinparisons between breeding groups could be nad.e"

Since the sex differences computed l¡ithin parity, breeding group and

years shol¡ed. significant differences among groups at ì.he J per cent

leve1 of probability, the ad.justnent on the basis of the pooled sex

d.j-fference estimate ãs + SE, would be biased.; the use of the i^rei6hted

niean differences for sexes computed r^rithin a parity ancl breeding

group l+ou1cl exclude the bias.

B. Parity effects

tr¡o

This

that

case

the

dure

The data were classified. accord.ing to the birth sequence i.nto

groups: first parity, and second and subsecluent parities.

classification was chosen to avoid the relatively sma1l nunbers

would result fron increasing the parity subclasses; in any

nost of the literature reports agree on the simiÌar effects of

second and. subsequent parities (Touchberry and. Bereskin, 1966),

The adjustment for parity effects v¡as sinilar in its proce-

and assur,rptions to the sex ad.justnent discussed. previously,

It can be noti-ced. in Table l-1 that the sex differences for the

various subcl-asses vary fro:"n a negative value to a ¡ositive one,

In the (H x H) group the fer¡ales fron the first parity are carried

longer than the nales, by alnost one day. However, the standard

-49-
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error (Se) tena to be large antl the "real" dlfference nay not

favor females over males.

Co Gestation lensth

The pooled. estimate of the effect of parity (õp) shorved that calves

from the first parity are carried. aoproximately one da;r longer than

those from second and subsequent parities, The estinated mean di-f-

ference wâs oBB + "J2 days, whlch is not d.ifferent fron zero at the

5% l-evel- of probability.

Each sex subclass showed. a d.ifferent estinated difference of

the parity effects. The second parity Holstein fenales were carried

.?B !./B days longer than the first parity Holstein-Friesian females,

Again this d.ifference is not different fron zero al the five per cent

Ievel of probability

The'weighted- mean difference for parity within sexes ç'ithin

breed-ing groups ranged- betr¡een -0,78 and- 1,39 days, This variation

is affected. by the snall number of obsewatj-ons r¡hich gave a decline

to the "weights", which are considered- to be the effective number of

observations"

The overall difference due to parity sequence is in agreement

with that of Touchberry and Bereski.n, 1966 
"

The pooled. estinate of the sex d.ifferences (naIe - fenale) shol¡ed

that nale calves Here carried 0 "93 ! 0.44 days lon5er than fer¡a-le calves,

Each parity suLclass showed a different estinated difference of sex

effects. In the (lS x H) breeding group the sex differences were

approxinately the sa¡ne in both parity subclasses, and the cLasslfication
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into parity subclasses had Ilttle or no effect. These dlfferences

r¡ere 1"69 + ./O days and. 1,83 + 1.11 days for the first parity sub-

class and- the second and subsequent parity subclass respectively.

fn the groups H x H, t (lS x H) and H.A(BS >: H) it r,ras found that

the sex d,ifferences r.,ithin the first parity were 2.J4 days, I,Bz

days and l,O/ days respectlvely longer than those of the second and

subsequent parityo The estimated sex effects are shor¡n in table 11.

The overal-l estimate of the sex differences in gestation length is in

agreernent with the estimate of Srackel- et aI (t952),

The resul-ts fron all the possible conparisons shoned. that the

breed.ing method. has some significant effects on the length of gest-

ation period.'

The differences between the Holstein-Friesian pr.rrebre<l-s gesta-

tion length and. some of the c::osses (the Holstein as a base) were

signlficantly different,(Table 17). This suggests that the genetic makeup of

the foetus has a significant effect on the length of gestation period,

These results agree with the results of rouchberry and Bereskin QgSe)

and Herman and Spaulding (t9t+Z) 
"

lrrhen the various crosses I^Iere compared with each other, however,

the d-ifferences were not significant at the 5 per cent leve1 of probab-

ility; in other words, the comparisons (ls x H) vs. A(BS * H), (fS x u)

vso H,.A(BS x H) and. A(nS x H) vs, H.A(BS x H) s,hnr',.d no signifieance.

Henee, they nay litve the sane qestat.j_on lengih"

The weiBhted nean diffcrences between H x H group and the three

crossbred groups for ge.station length as reported. in Table l-Z a.re

compared wlth those calculatec fron the adjusted means reported i-n
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Table 16, 'l'ltese comparisons surnmarizecì ln Table 21 show a reasonable

agreement betr¡een the welghted and adjusted mean d.ifferences indlcating

that ¡'s¿a effects and unequal sample slzes did not have a great effect

on the resul.ts.

Table 21. Differences in gestation length between H x H group and

three groups of crossbreds, Differences determined. from

adjusted neans (taUte 16) and. weighted mean difference

(reute t7).

- 
Mean*

Group Gestation (cross) - (H x tt) ã'**
Length

Hxll

BSxH

e(rs x u)

H.l(as x H)

283,27

2Bg,2r

285 ô7

284 "64

5,94

2,IO

L,37

5,?2

3.C2

3,18

x Table 16

rÉ* Tabl_e 12

The rnean gestation l-ength for the Holstein breed deten¡ined

in this study (approxinrately 2Bl days) is about four days longer 'uhan

that ::eported. in other siudies (Brackel et a'ì , Ig52; Poïteï eÈ a1'1965)

This d-ifference is dtre to a combination of facto::s includ.in¡ herd

differences, environmental cond-itions and sanpling errors.

Do Heterosis in nestation length

The design of the present sturìy does not facilitate the deternrin-

ation of a rel-iable esti¡nate of the degree of heterosis associated with
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gestatlon length, For such an estlmate to be determined, informatlon

wouLd have been requirecì. from purebreds of the Ayrshire and Brov¡n

Swiss breeds. However, through use of litera"ur" t"On*= of the gest-

ation lengths of the breeds invo1.r"ä, u.n indicaticn can be obtained

as to the presence or absence of heterosls,

Porter et a1 (tç65) reported t,hat the gestation period for the

Ayrshire breed is one day shorber, anC for the Brown Swiss breed 11

days longer, than the Holstein gestation period. 0n this basis the

expected ¿çestation periods for the Ayrshire and th-e Brown Swlss breeds

under the conditions of this study would be 282.2 ar'd 294.2 days res-

pectivel-y. 
.

The expected values for the three crosses studieC were calcul-ated

as the niclparental values of the breeds involved in each cross (sote

of the d.ams are crossbreds) and are shoun together with the observed

gestation periods ln Table 22. The assurption in naking these cal--

culations r+as that gestation length was Ceterrnined by additive gene

action.

It is noted that the observed values agree closely with the

expectations based on additive €:ene action. The results of this

study do not provide any evidence to sugaest that heterosis is a sign-

ificant factor affecting Ìength of the gesta'uion perÍ.od,



Table 22, Obsewed

for each

and ex¡rected* mean gestation

of the three breeding groupso

lengths in days

Breeding
Group

Observed
lleans
(raure 16)

Expected
Means

o-E

HxH

(rs x H)

a(ls x H)

H.a(ns x H)

283.2

289,2

285,4

281+,6

288,7

285,4

284,)

0,5

0.0

0.3

* Expected values are calculated oo the basis of aCditil'e gene

action (no heterosis)

Breerl of Sire and Dam Effects

The comparison H x H vs. (AS x U) is an indication of the con-

founded effects of the breed of sire and breed of foetus". In both

groups the dans are purebred Holstein-Friesian, while the sires

differed.. The weighted nean difference in this comparison was J,JZ

! ,?0 days" This difference is not likely attributabl-e entirely to

the breed of sire and breed of foetus effects, for it nay include

so¡ne maternal and randon effects which cannot be separated by the

design of this experiment. ft would aupear that the rnajor part of

this difference is due to the effects of the br:eed of sire and breed

of foetus, assuming that.matÍngs between the dams and the sires;-ithin

a group l¡ere at randorno

Likewlse, the conparison .IJ.A(3S x H) vs. H x H, is an exariiple
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of thc confoundld effects of breed of dar,T anrl breed of foetus, In

both groups the slres are purebred Hol-stein-Friesian, t.¡hile the dams

are of dlfferent ge¡1etic background. The weighted mean difference
I

in this cornparison was 3.18 + .t0 days. This difference is attributed

to the confounded effects of breed of da¡r and breed of foetus' in

addi.tion to thc paternal and other effects wilich have not been

separatedo 
-

Since breed of sire (or breed of dam) and breed of foetus are

confounded ln their effects, it is not possibl.e to say which is the

factor.affecting the trait: for that matter both factors may inter-

act to. produce the difference. This interaction is real.ly heterosis.

E. tsirth lleisht

The pooled est.imate of the effect of parity showed that cafves

from the.second and subsequeni parities are slgnificantly heavier at

birth than those from first parity, The estinated d.ifference Has

2,68 + O,JZ kg 
"

Each sex subclass showed a different esti¡nate of the effect of

parity (faUte t4). 1'hese estinated differences ranged betr.reen O.OB

and J.lO kg. In the (U x it) and (lS x H) groups the differences

betvreen parities were al-most equal in both sexes and tlre classification

lnto sex subclasses had no significant effects.

lìowever, ill the group e(nS x U), the nale subclass shoperi little

elfecls of O.9B t 1.ó kg- .

In the gr"up H.A(BS x H) the fena.]e subcl-ass sÌrovrerl significant

par:ity effects of 3.04 + 1.63 Lg. vhile the nales shor-rcd little effects,
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the difference being 0.08 + )."/1 kg"

The overall difference due to parity (2,68 kg") is higher in its

magnitude than !.hose reporLed in the lj-terature" This differ:ence is

due to a combination of factors including herd differencese envlron-

nental conditions and sampling erÌ:orso

The pooled estinate of the sex differences (males - females) showed

that mal-e calves were 2"76 + O,4B kg,. heavier at birt,h than female ca.l-ves"

Each parity subclass shorved a different estinated difference of

the sex effects" rn the H x H group the sex differences were approxi-

mately the sa.ne in both parity subclasses, and the classj-fication

into parity subclasses had. little or no effect" These differences

were 2"72 + ,99 kg" and, 2"4J + "85 kg, for the first parl.ty subcl_ass

and the second and- subsequent parity subcl.ass r.especti.vely"

In the groups (ASxU) and H.A(BS x H), i-t was found ilrat the sex

differ:ences within the first parity are approximately 2"5 kg" larger

than those of second and subsequent parity subclass.

In the group A(lS x H) tfre estimated difference between sexes

within second. and. subsequent parity subclass was I "gZ ! 1,44 kg.

compared with 1.09 t 1,JB kg" for the first pa::ity subclass.

The over:al.l. estimate of the sex difference j.n hirth weight is
in agreement with those reported Burris and Blunn (lgSz), Touchberry

and Bereskin (1966), McDowel] et al (lgSg) and Legault and rouchberry

(t962) 
"

The weighted differences for the birth rveights of each of the

three crosses from the H x H grioup ::eported. in Table zo are conpared

l'¡ith those calculatecl from the adjusted means reported in Table 1p.
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These comparisons are summarized in Table 2) which shows a faLr agree-

ment betl.¡een the r+eiglrtecl and the unwei6hted (a.djusted) mean ciiffer-

ences indicating that unequal sanp1e sj-ze and year effects did no't have

a gpeaL effect on the results.

Tabl-e 2)" Differences in birt,h weight between (H x U) group and

three groups of crossbreds. Differences d.etermined from

adjusted. means (faUte 19) and r^reighted mean difference

(raure zo)

Breeding
Gr:oup

Adjusted
Means (kg)
(raure i 9)

Crossbreds
-(HxH)

Weighted I'lean
differences

(ralte zo)

HxH

BSxH

n(ns x

H.A (BS

H)

XH)

4.2 "?9

45,29

4t ")9
hPl- 

"34

3,00

-1.40

-]-,l+5

3 "29

-1"81

-3,I5

The conparison (H x H) vs" (nS x H) is an illustration of the cc-rn-

founderl effects of the br:eeci. of si.re and bi:eed of foetus. In both

groups the dams are purebred l{olstein-Friesi-an, while the sires clif-

fered, The mean diffelîenoe Ín this comparison was j"29.r "68 kg.

This differerìce is not. attribuLabfe entireiy to ì,he breed of sire

and breed of foetus effectsu for it inclucìes some effect.s which cannot

be separated by the design of this experinrent. But it appears the

major part of this dj.ffelrence is due to the effects of the breerì of
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sir:e and breed of foetus, a.ssuming random mating between the dams and

the sires within each group"

Likewi-se, the comparison H.A(BS x H) vsn H x H, is a indication

of the confound.ed effects of breed of darn and breed of foetus. fn both

groups the sires l\'ere pul:ebred Hol-stein-Friesian, while the dans were

of d-if:flerent genetic backgiround" The weighted mean diffe::ence in

this comparison was -1 "I5 +- "81 kg" This difference is mainly attri-

butable to the effects of breecl of dam and breed of foetus; in addition

these nay be paternal and- randorn effects which cannot be separated,

These results indicate that either breed. of sire (or dam) or

breed of foetus may have a signifì-cant effect on birth weight o Oon-

founding of the effects does not permit a statenent to be nade as

to which fac'Lor Ís affec-bin¡¡ bìr:th r.reight" It is possible that both

effects may be interacting (i,en heterosis) B

Birfh l^rei6ht record-s were ad.justed for the effects of sex and.

parity by the sane methc¡d used in the gestati-on length adjustinents"

Affer the adjustments r¡ere made for sex and. parity, the birth

weigh'Ls of the various crosses ancl Hol-stein-Friesian purebreds l+ere

compared. with each other" The results showed significant d"ifferellces

in birth weights among breeding groups" These results are in agree-

ment tvith the results ::eported L.y Naidu and Desai (fçS¡), Ellis

et aI (tç65) o Foo'be et a], (tgSg) u Gre¿5ory et at- (lg6S), and I'tcDowelt-

et ar (tgSg).
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Heterosis in birth welnht

The crossbreeding project utilized. only fenales of one pure

breed, the Hol-stein-Friesian¡ thus it was not possi-ble to measure

heterotic effects on blrLh weight directly by the conventional met-

hod.s involving reciprocal crosses between breed.s, (fne conventional

method. involves conparing the means of reciprocal crossbred.s nith the

averages of the parental breeds),

The ¡esults of the project do however provide data which can

used to estinate - adnittedly not precisely - the likelihood of

heterotic effect.

the following birth weights for

(Porter:, et al,1965)

be

d

Liter-ature reports indica.te

the three purebreed.s in question

Male

The blrth r+eight adjusted to a nal e basis are thus !Ç, lOl and

/8 pounds respectively for the three breed.s. Assuming that t.he

gene action j-nvolving birbh r+eight is entirely additlve, ieo no heter-

osis, the following r+eights shouLd be exnected from crossbreed.ing:

Holstein

Brom Swiss

Ayrshire

Group

HxH

BSxH

n(ns x H)

H.l(ns x u)

99

'101

?8

Calculation

(ror + 99)/z

(zs + roo)/z

(ss + Be)/z

Pounds

99

100

B9

94

5e-

45.0

ls,5
40,5

l+2,7



HxH

BSxH

a(ls x H)

H.R(ns x H)
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The deviations of these varues fron the Holstein group l,¡ou1cr

provide adjustnent varues to ob'baín the expected theoretical (no

heterosis) mean bir-t,h weÍghts. This is shown in the folloioing:

Group Expected Sirth Deviation from Present stud.y
HxH ('ra¡te rq)

42 
"B

45,8

It1 
"4

4L"3

Then the theoretical (no heter:osis) values are:

Group

HxH

BSxH

n(ls x u)

H"a(ls x H)

Then:

Group Expected birth Observed Birth Estimate %
Ue:-ght (kg) Weight (kg) of Heterosis

Heterosis

HxH 42,8 4Z.B

BS x H 43"0 45"8 2"8 6,5

a(ns x u) Î,g"3 e1,4 3"1 B"t.

H,R(ls x H) 40"5 U1."3 "B t-"9

x % heLerosis = []stir¡ate of heLerosis x .1.00
Icxpect€d birth i{€':-gh[

The methodology aboveu r+hilc primarily a. corrputiona.l exercise

does result in "esl;j.mates" of heterosis comparable r¡i-1;h those reportecì

l,lej-F,ht fks).
t+5 

"o

45,5

40,5

42,7

Theor:etical (No }iete::osis)

42 "8

4z"B+0,5=43,0

UZ"B_t+,J=JB")

42"8-2,3=40,5

,5

-4,5

-2,3
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by Gregory et al (1965), Bllis et al (1965) for daíry and beef breeds

Certaínly the present evídence is consiste.nt r^rith what rnight be expected

from a knowledge of heterosis observed in r¡ell designed experiments

in which heterosís could be reliably determined. Birth weight is a trait
in which non-additve gene action is present i.e. heterosis is present.



V'T " SUI'MÂRY

A stucly was eonrìuctecl on ùrta r.rhjch includeri. /+91 birth weights

and J2l sestation ).gngt.hs of purebrecl and crossbred- dairir calves in

the University of l,íanitoba he¡d.. T[e calves were of four ty^oes of

b::eeding; purebrerì. Holsteln-Friesian (H x H), two-breed. cross (lS x tt),

three-breed, cross R(fS x H) and three-breed- backcross H.A(BS x H), uhe::e

H, BS a.nd A d-esignate the Ho1stein, Brown Swiss and Äyrshire respeciively.

The objective of this study was to estinate the effects of cross-

breeding on the d.uration of gestation period and. bj.rth weight in.dairy

cattl-e. Preliminary to the estimatjon of the genetic effects of cross-

breedingr the effects upon birth weight and gestation period. of two

sources of non-65enctJ.c variation we::e deternined withln each breedin6

group, and. records t+ere ad.just,ed. in accord.ance with the magnitude of

the effect. The two sources of the non-genetic variation r¡ere: sex

(two classes; nales and. females) and. calving sequence(two classes;

first parity calves and seconrl and subsequent parities calves). The

rnethoo of conparison was to determine a weighted. mean difference (ã-)

betv¡een the classes" In the dete¡mination, analysis r.¡ere made r.¡ithin

subgroups (breed.ing group, years, sex of calf and parity). The weigh'ued

nean differences were:

Gestation length (aays): t't sE Ranse

lial es vs, Femal_es O .93 + 0 ,44 -0.28 to 3 " 39

ParitÍes 2 and subsequent
- pariry 1 0,BB + 0.J2 -1,16 lo 3,93

Bi::th Height (kS) t

I.lales vs" Fernafes 2,?6 ! 0.48 x I,06 lo 5"33

Parit.ies 2 and subsequent
- parity L 2.68 + 0.5?.x o.0B to 5,30

* P <.O5 _62_
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The over:al-ì. mea.ns of gestatlon lengths and birth welghts, both

adjusted for sex of calf and parity effects, Here:

Gestation Lensth (clavs)
I

Birth !,leisht (kr)

Breeding
Groun Acì,justed Unad,iusted Ad,iuste.ê Unad.rusted

BS x H 289,2I

HxH

N

283,27

235

114

285,37

104

284,64

6B

2B3,JB

2)5

286,75

114

284,35

104

282,70

6B

42,29

2l.6

45,79

110

41,i9

101

4r,34

6+

40,57

2]-6

4),5t

110

39,28

101

38,49

64

N

a(rs x H)

N

H.n(ns x H)

ì.1

Comparisons of adjus'Led. records, by again using the r¡ethod of

weighted diffe::ences, were made in order to estimate the net

crossbreeding effects. These compa::i-sotls wer€!-

ã'+ SE

Comparison Gestation l-enath Birbh lleiqht

(nsxu) vs. (ttxH)

A(nsxH) vs. (HxH)

H.A(lsxH),r"" (H"H)

(tsxtt) u"" e(nsxu)

(nsxn) vs. H.n(usxH)

A(lsxtt) vs, u.a(asxu)

o':(P o.05

5,?2 !
3.0I +

3.18 !
2,44 !
3.11 t

-0,75 +

3,29 + 0.68*

-1 .81 ! 0,63

-3,I5 + 0,81x

7 ,35 + 0,92x

r>,68 + I.?2

-),04 + 0.Ç8

0.70*

0,78+

0.90*

0, Bg

I,77

0,79
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The r:esults showed slgnificant breed effects. The co:rparison

(fS x H) vs. (H * U) is an indicatlon of the confoundcd effects of

breed. of sire and breed of foetus, whiì-e the conparison Ij x A (¡S x H)

vso H x H indicates the confound,ed- effects of breed of dan and breed ol

foeius,

Heterosis in gestation length and- birth weiaht r.¡as estimated by an

ind,irect methoC. It r¡as noted, that the obsewecì. values of gestation

length agree closely with expectations based on additive gene action

lnd.lcating no manifestation of heterosis in gestation length.

In birth weight the expected val-ues did not agree with the ob-

served values.This presents evid.ence of the non-additive gene aetion

on birth weight. These cleviations expressed. as per cent heterosis

}TETE:

Breerling of Calf

BS..x H

n(¡s x H)

H"a(rs x H)

Heterosis Has lneasured as

weigh'L of a calf exceeded

¿--
% Heter os].s

*

B"l

1,9
-¿-extent in % by which

expected nean of the

the observed birth

perental breedg *

the

the
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