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\ Peter Douglas Cornlon
COMPARISON OF CRbSSBRED AND PUREBRED BOARS FOR REPRODUGTIVE PERFORMANCE
* i

AND PROCGENY GROWTH AND CARCASS MERIT

The effects of breed, sire within breed, and induction of partur-

ition on producgive and reproductive traits in swine were invé?tigated using

[

a within-litter evaluation technique. Data from 92 double-mated litters (529

B :

’

pigs) wereée analyzed by 1east—square?€and ﬁon—par etric methodé, as was

v

‘gsemen data from 14 sires, representing four breeds (Landrace, Hampshire, Duroc,

and Hampshire-Duroc cross).

Breed of sire and sire within breed differences were significant

’

for. semen volume (the Hampshire-Durocs being ranked first). Hampshire-Duroc

"

progeny were superior to all other breeds for birth weight and carcass yield,

but ranked behind the Hampshires and Durocs, and ahead of the Landrace, for

carcass index, backfat gepth, days tof market, and average daily gain to market.

Induction of parturition had a significant effect on birth qeigﬁt. No signif-

icant effects of breed of sire, sire, or treatment were found on sex ratio or

per cent survival to weaning.
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COMPARAISON ENTRE LES VERRATS gﬁéISSES ET LES VERRATS DE RACE EURE

¢ @ [ ¥ - -~
.PPOUR LEUR PERFORMANCE REPRODU@TIVE, LA CROISSANCE DE LEUR PRO-

7

" GENITURE ET LE RENDEMENT DE LEUR CARCASSE

P / . )
a '
- /
-~

Les effets de la race, de 1'individu & 1'intérieur de la race,

et de la parturition par induction sur les traits productifs et reproductifs

chez les porcs furent &gudi&s en utilisant 'la technique d'&valuation &

/(I
1'intérieur d'une portée. Les données des 92 portées provenant d'accouplements

/

doubles (529 porcs) ;ﬁrent analysées par la méthode des moindres carrés et de

furent significatives pour le volume de semence (Hampshire-Durocs étant a

premier rayﬁ).ﬂ
/ L -

La progéniture des Hampshire-Durocs fut supérieure 3 toutes les ' .

& -
autres f;ces pour le poids a la naissance et le rendement pour la .gcarcasse,
4 4 .

mais ge sont classés aprés les Hampshires et les Durocs, et avant les“L;ndréces,
pour’ i'index de la carcasse, 1'épaisseur du gras dorsal, le nombre.de jours au
ma%ché; et la moyenne de gain par jour jusqu'au marcﬂ@. La parturition par
induction a un effet significatif sur le poids & 1la naissanc;. La race duwpﬁle,
le mile ou\le traitement n'ont pas influencé le sexe de la portée et le pour-

L / -
centage de survivants au sevrage. -
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I. INTRODUCTION

.
.
e
( -
- -

»

« B .
The improvement of animal populations depends on finding superidr
individuals or breeds which will upgrade the level of production of the‘spe<:1fic
pppulation. Animal breeders must experiment with hew crosses or breeds to ‘

improve the genetic merit of thé animals with which they are working. * The .

upgrading of a population can be accomplished either by selecting S:Berior .. :

anim;xls from the populatio’n itself, or by introducing new ,animals to the E

® genetic pool. ; ' '

’ x .
\ The detection of suyerior.g- animals within the population can be .

carried out eityler by performance or progeny test;ng. - 1 2

i In performance testing, an animal's individual meri;: is assessed !

by measuring a relevant trait within that animal, and comparing his perfor- ) !

° " mance to that of his comtemporaries. This method or testing is often not
(\..» " useful fox; the evaluation of animals for traits which are only expressed in f
~one sex (e.g. milk yield), or for carcass traits, which must be measured after 2?

slaughtereof the animal. l :?

4

Prdgeny testing removes the drawbacks of performance testing in

LS M L e

/ the evyaluation‘of sex-limited or carcass traits. Thf: progeny of one animal
T . are evaluated against the progeny 8f his or her contemporaries. Progeny testing ‘ ;
“ can be used to study sex-limited traits (e.g. milk yield of a bull's daughtel:sl §~
» ~ or garcass traits (e.g.\ carcasgs yields of a; boar's progeny). ”
A . ™ ‘ +Once a superior animal is detected,'he or she is used inumatings X %
' within the herd or flock, and the overall value of the specific: trait in that §
populatibr; is dimproved. o é
If superic;r animgls are to be introduced to the population, t;xey
\ ( - can be eithezl the same;as, or different from, the population breed. Animals
L’ . ’

i K -

]
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0
of the same breed improve its genetic worth if they t':bemselves are superior.

° )
.

The use of animals of a éifferent breed is practised when the new breed pos-

sesses characteristics not found in the populatior;. The.combination of these.
- - T e

new characters with those of the original population should produce superior

o

offspring. . B P

- oL In swine, much use has been made of both syste:ﬁs of upgrading -
- h

°
i

that is, performance and progeny testing, and the inclusion of new strains or

bredds in the population. . The Danish Landrace breed has been k;ept pure for

over eighty years but, because of rigid selection practices, has become one

L]

of- the premier breeds of swine for productive and reproductive characteristics.

o
Many new breeds, such as<‘the Lacombe, and the Minnesota-Noks. 1, 2, and 3 have

been developed by the crossing of strains or breeds. Thus, both selection-

)

and crossing ha\{e been extremely useful in improving swine breeds over the

- ’

Because of the polygymous nature of swine - that is, one male

rd

years.

1

mates with many females, it is easier to upgrade a swine herd by improving the

quality of the boars used rather than that of the sows, since many fewer boars

v

are used than sows, even though, genetically, e%ch is equally important in

the performance of their offspring. Also, if new breeds are to be bro‘ught
L

into the herd, it is more convenient, and less expensive, to import them in

the form of one or two )boars rathier than a large number of sows.
)

Therefore, the probYem facing the animal breeder and the swine'
producer is how bgst_,to upgrade the quality of the apimals in a certain popu-~

lation. This study presents oné possible method — the use of crossbred boars.

.

The use of these boars allows the combination of the superior

traits’ of two or more breeds in the boars themselves. Also, since the boars

-
7

are crossbred, they benefit from heterosis, as will their offspring, when the

boars are bred to sows of a différent breed. L . ‘

©
.
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* dominant growth factors of more thén one allelomorphic¢ pair. Bruce (1910)
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II. REVIEW OF LITERATURE —— . i

1. Heterosise . ®
-
)
Crossbreeding has long been of economic importance to agricul-
turd, and is~used either to introduce new genes into the population or to

take advantage Jf heterosis. The desirable characteristics of several breeds

may be combined by the use o§ crossbreeding, but iﬁs most important use is the

production of heterosis in the crossbreﬂ“brogeny or hybrids. :%
East (1908: 1909), G.H. $hull (1910, 1911), and A.F. Shull (1912) .g

put for;a;d explanations of héterosis which Wre s&gmarized by G.H. Shull - §
(1952). East (1912) believed that the‘red;ced vigour of inbred members of ,o%
naturally cross-fertilized species, and the increased vigour due to crossing §
these specieé, was due to the same phenomenon, which he beli d to be ™ 4%
heterozy%osis. Kéeble and Pellew (1910) analyzed data on t stature and ’é
E

»flowering time of peas and found a greater height and vigour in the F1 genera

tion which, they péétulated, was due to the convergence in the zygote of -

mathematically proved that fewer homozygous recessives exist at a particular

locus. in the Fl population than the mean number of the parent stocks. Although

1 2
W

without evidénce, he postulated that dominance was positively related to

PR v e

fitness, and concluded that the cross of two pure breeds produces a mean vigour

4 i

greater than the collective mean vigour of the parents. . o

8 . 1
K

Jones (1917) raised critic¢isms against Keeble and Pellew's

"dominance" theory of heterosis. If heterosis was ascribable to dominance of %
- factors, it should have been possible to recombine in a homozygous condition, i
~1n generations after the F2, all of the dominant characters in some individ- X
uals and all of the recessives in others. The dominant homozygotes should- - g
' ! L3 &k

N - & ’ - l}:

7
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have ‘equal vigour to the hyﬁrids and shodi: not show a decrease in vigour when
( inbred. However, no, such individuals h3d been produced. Also, it was

believed that, if thé cd;;ect explanation was dominance, the Fz population

would have an asyﬁetrical distribution, which did not fit with the observa- kul

tion& But, Jones said that, if Morgan's theory of linkage wergﬂgaken into con-

1
]

sideration, ?he improbability of obtaining completely homozygdusw%ominﬂnt
individuals and the lack of skewness®in the F2 distribution could be accounted -
for. <
.. . Singleton (1943), Jones (1945), and Rendel (1953) favo;}ed‘the
. idea of heterosis from intralocular interaction, and Hull (1945), through
research in corn, concluded that non-additive interaction between genes at

? 3 .
different loci was very small, if present at all. Hull pelieved that inter-

e
action between genes at ‘the same locus caused heterosis and he termed this .
SN
{: "overdominance". However, Jinks (1955) found, in plants, gvidence for the

simultaneous presence of overdominance and non-allelic interaction. The

"likelihood of intra- and interlocular interaction both being involved in

a

. heterosis cannot be excluded.

-

. ' Lambert (1940) defined ﬁegerosis as the superior&ty of the cross-
o= ‘

bred progeny over the better parent. If neafmerit can be defined as a single
value, this definition may be useful, but, when each trait has to be consid-
ered separately,'the appraisal of heterosis for the individual'; total per-

formance causes the hybrid to be expected to excel the performance of a copm—

posite parent which does not exist. Caroll and Roberts (1942) described thi

problem. b o ¢

-

Stern (1948) differentiated "hybrid vigour" and "hybrid dis-

»

vigour” and referred to positive heterosis, where the cross produces an increase

C}f in vigour or some other characteristic, and to negative heterosis, where a

(2
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- cross results in a decréase in comparison with both parents.

: "i Manwell and Baker (1970) state that the detection of whether or
|

not heterosis occurs in a particular ¢ross can be done by two different

’

approaches. TFirstly, measurement of specific characterist}cs may be done.

Secondlxﬁ.comparisons may-be carried out of the observed number of heterozygotes
s \ .

e L

in relation to the number which would be expectea in the absence of any selec-

~
¢

\ tive advantage (or disadvantage) to the heterozygote,.
Mather (1949), sLerner (1958;, Falconer (1960) and others have \ !
indicatgd that heterosis should be‘me;sured by combining deviations measured
from the average of the means for the two parental lines - i.e. the mid-
Parental value. Brewbaker (1964) stated: "It is conventional to regard
heterosis as any excess in ;;gour of a hybrid over the midpoint between its

parents". Howevér, Herskowitz (1967) indicates a superiority over a value

S

below the midparent point. "Hybrid vigour is due to the adaptive sgperiority
. ?
of the heterozygote over one or both types of homozygote.... Hybrid vigour or

v

R TP S R R <

¥

heterosis, is the condition in which the heterozygote is superior to one

homozygote or both".

e ? B

Manwell and Baker (1970) gave several theories for the presence of

heterosis which have been suggested in the: past:

. hqunwmﬁgww,;u CE o

1. 'The dominance theory'. This theo f considers that the hybrid com- 3
»,

bines suitable dominance of genes both parents. 1f this theory

/ were correct it should be quite simple to~fix heterosis by a combina-
!

o
tion of crossing, followed by selgc{ion‘ This not the case since %
" K . ‘Y
) : heterosis is reduced rapidly in successive generations of decendants

from the F, crossbred. P g

1

2. 'Inbreeding depression as the opposite of (positive) heterosis’. o 5

» <o

A Y
The crossing of different inbred lines reverses inbreeding depression.

-
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Lerner (1958), Falconer (1960) and others have gquated heterosis

with the reverse of inbreedipng depression. Therefore, the main point

of the theory is that heterozygosity per se rather than dominance

%

is involved. However, Sentz, Rﬁ%inson, and Coﬁstock (1954) found
that in hybrid maize a marked decline in yield occurs as hetero-
zygosity decreases from 1007 to 757, but no further decline occurs
until the heterozygosity is below 25%. ) -

3, 'Overdominance'. The term 'overdominance' and single gene heterosis
have been used to describe the condition where a heterozygote at a

particular locus is superior to both homozygotes. Overdominance

S e RO i R ¢

it several different loci then add up to produce positive heterosis.

l

v 4. 'Epistagis'. The influence of one genetic locus on the expression of

another is known as epistasis and has been given as a theory for

>
heterosis.

TRy 3 L LA 2N R SR S

~

5. 'Complementation'. An excellent example of complementation is
heterokaryon formation in fungi. When two strains, each of which is
deficient in a differgnt enzyme needed in a metabolic pathway, combine
80 that each cell contains nuclei from both stra}ns, the metabolic

. ) 1
pathway is restored with edch strain complementing the deficiency of

the other.

The mechanism of complementation provides a possible explanation
for heterosis and links genotype to phenotype with a number of different
molecular mechanisms, involving fundamentally complemeétationlof proteins or
their subunits, forming explanafions for overdominance, epistasis and heterosis.

Childers and Bennett {1961), and Childers (1967) have shé&n 3

o

gene~environment interaction on héterosis in hybrid sunfish. It is clear that

many cases of heterosis are only expressed in certain environments.

17 ,
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It appears that heterosis is greatest for traits expressed early
in life and becomes less important as the animal develops &Fredeen, 1957).
In crossbred animals there is an increased rate of pre-weaning growth and
greater viability, but, beyond the age of weaning, there is little to show that °

scrossbreds survive better than their purebred contemporaries. In swine, hybrids

ek T

Enl
¥l

produce only ‘modest increases in average daily gain and feed efficiency, and

" carcass traits appear to show little or no heterosis (Fredeen, 1957). Shaw

[N

" and MacEwan (1936), Hutton and Russell (1939),‘Whatley et al. (1955), and

um&«(g?mg Sk

5

eI

Craft (1953) have shown a crossbred advantage in carcass quality which may

e

have been due to specific cross combinations rather than heterosis,

~ R

Dickergon (1952) postulated that overdominance may be the most

A

P ANFE

important fdctor in viability traits and litter size, and simple dominance .

[JCRA S

with epistasis may produce the heterotic effects found ;Q,post-wgaping traits.

el

Lerner (1954) fopnd greater stability towards environmental variables in -
hybrids, which could raise crossbred performance abov‘e the pyrebred level for

traits whith are much affected by environmental variation. Sang (1956)

stated that this effect is probabf& related fto developmental physiology.

Certain breed crosses seem to sfhjow greater heterosis than others.’
‘Genetic diversity of the breeds (Sierk and{Winters, 1951) and the relat;ve
degree of homozygosity of the different breeds (England and Winters, 1953) are
possgible causes. To utilize the heterotic effects obtained in characteristics
such as fertil;ty, vigour, and health, crossgfeeding programs have been
developed (King, 1971). How to utilize heterotic effects was discussed by
Braiford ggwgl; (1958); and ﬁetzer_gg_gl; (1961). A survey of the liperature
was given by Fredeen (1958). ’ N

Skdrman (1965) reported on extensive 2~-breed crossing experiments
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+  .involving the Swedish Landrace and Swedish Yorkshire. Bichard and Smith (1972)

gave a survey of crossbreeding .and genetic improvement.
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9.

+2. Crossbreeding 4 \
2 d l

Crossbreeding can be defined as outbreeding relative to a species,
a process which tends to produce heterozygosity in the species. Within pure

breeds a slow but measurable amount of inbreeding occurs. When breeds are /

/

{ &
crosged the gegetic purity caused by this inbreeding is lost and heterozygosity
is promdtéd at all locd for which the breeds differ. This will mainly occur

. - - e . »

in the first generation’ of crossbreeding,ﬂﬁnd following generations of crossing
. ’ .

may only maintain the level of heterozygosity reached initially. v

7

- ,
/qFrgdeen (1957) gave tgp main advantages resulting fromacroésbrged-

~ '

ing - the introdugtion of new genetic variability into an existing gene pool,

vy N

and the utilization of heterosis.
CrLft (1958), reviewing fifty years of progress in/swine breeding,

reported that little meaningful research in crossbreeding sw{he had been

carried out before 1920. He indicated thet early trials were with small

_numbers of animals and were of poor design. Only afte;/l920 were large

&
i

enough trials carried out to indicate the superiority/of crossbreds for cet-
fqin traits.

During a ten year study of British show records, Hammond (1922)
g /
compared twelve single crosses from eight Br;iish breeds with pareﬁtal means
/ot '

" for growth. He found that, in many cages,/érossbreds were heavier than the

Y.
parental mean and noted only one case where the parental mean exceeded the
/

/
crossbred for body weight. 4 . —

/

Shaw and MacEWwan (1936) compared six breeds and their reciprocal

/

crosses for rate and economy of,éain.\ When compared to one parental breed,

crossbreds gained more rapidl§ and consumed less feed. .
N // 1.

Winters et al.’ (1935) compared the performance of backcrosses,

/
/
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three-breed crosses, and single crosses to purebreds. It was found that three-

‘ breed crosses generally performed best. Almost two more pigs were 1farrowed in J
' 4 t i ' ;

each litter and crossbred litters averaged 96 1bs heavier, at weaning than did

' h)

R !
purebreds. Backcross litters were 63 lbs heavier at weaning, but there was,

-

S 18 e

£
o't Wy

. no superiority over purebreds for number of pigs farrowed. Single cross
!

Zar

22,
s

litters averaged .one additional pig and were 37 1lbs heavier at weaning. After

weaning, backcross pigs gained more rapidly and reached a weight of 220 1lbs

*
©

22 days before the purebreds. Both thr&g—breed and single crosses reached‘
this weight 17 days before the purébredsiy

Hutton and Russell (;;39) and Lush.gé¥§ii (1939) found that, in
single crosses, the crosstEETIifié¢s aéﬁfi%tﬁ were intermediate inbsize to

those from the parent breeds. However, the litter size at market age fre-

' &
quently was greater than that of the better purebred parent due to a greater
~N

survival percentage of the crossbred pigs. Average pig weight at birth was\

Y
#
==
y
‘i
%
v
i

| intermediate to that of the parent breeds, but the crossbreds exceeded the
parental average by 8 to 18% at weaning and later. The crossbreds were slightly.

shperior in feed efficiency to the parents' average by 3-47. ]
4

Similar relative superioriéy of backcross and three-breed cross

pigs for growth and survival was reported by Lush et al.™(1939). They also

noted the éuperiority of crossbred dams for maternal ability.

Roberts and Caroll (1939) compared single crossbreds with pure- f
bred Duroc-Jersey and Polapd Chinas. A small,‘but non-significant, advantage
LY
‘of the crossbreds for rate of gain, feed efficiency, dnd age at market was

<
found.

The Illinois Agricultural Experdimental Station Annual Report of !

1928 questioned the importance of hybrid vigour in swine in comments on the
' |

3
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worli of Ca’rroll and Roberts, by moting that there was no crossbred advantage

found that crossbred Landrace-Poland China sows were superior to purebred sows

. . - for éate of economy of gain. Carroll and®Roberts (1942) in a study of over !

50,000 naqimals conciuded that heterosis cannot‘/f;gwexpected in the lpagorfty of ,

’ ' ! “crosses. However, the superiori’t;; o’f crossbreds, especially those from cross- p

~ - E

bx:ed damé! has-been established for survival and growth characteristics. :

i " Bradford et al. (1953) showed that litters from crossbred dams had ;*;

. . a significantly lower mortality to 154 days than litters from straightb;'ed %
« .

- ' \dhams. Gaines and Hazel (1957) investigated the merits of crossbred sows and ) §

WIEARAR S et e

- for litter size at all ages. ’ ..

. ¢ P
. -
Most crossbreeding experiments utilizing three-breed crosses Have' —,

s

At
.

X % involved crosshred dams. Smith and King (1964) found the Landrace x Large .
, < White cross or its reciprocal to have the best performance. After mating five

different breeds to Large Whites to produce crossbred gilts, King (1968) fo{md"

that the Landrace x Large White had the best reproductive perf\ormance.

Schlote-et al. (1974), in Germany, found the Large White x German Landrace:sow

the' most productive of four types of crossbred sows which/were examined.
z‘ s - a
. . The Landrace x Yorkshire cross was found by Holtmann etlal. (1975) to have-the
f ¢

earliest sexual maturity, and to farrow and wean the largegt number of 5?fspring

from 28 crosses which were tested. Jensen (1975, cited by King, 1975b) found

4 Il &
improvements in litter size, litter weight, and piglet weight at birth, 3 wlaeeks,
o N . ] >

.

and 8 weeks in litters from Large White x Danish Landrace sows crossed with X
s B

)

- m~~
Danish Landrace, Swedish Landrace, or Large White boars. -

’

The crossbred sow provides ‘a more suitable intra-uterine environ-
ment for the fetuses, which results in larger litters, and generally she has

increased milk production. ) ' ‘ ’

1
4 i
, sy . . |
. !
.

.
fic4
.
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Hazel (1963) presented the following summary of the merits of

.
.
O e

=

\rthrfe mating systems - purebr\ed,\single cross and three-breed cross relative

.

g,

to survival and growth traits..' The size and weight figures are given in
\

¢

terms of 100 per cent for purebreds.

135 £ TS 1AW 3
ST L0 R TR e

Table 1: Matiné System Summary . !

<
.
) . .
o AoV S e 2 e e £ T

Characteristic Pure-Bred Single Cross 3-Breed Cross
. A
Litter size al birth \00‘ . 1ol 111
Litter sizé at 8 wks. 100 107 125
Pig weight at 8 wks. 100 108 110 b
y i
@‘! Pig weight at 154 days 100 114 113 '
It
Pork produt:e‘d(per litter 100 122 141 l
A . 4
& . .
i ]
7
‘ [
4
3 . .
i ' \
B \ ' \
Ui \
i
B . . P
» i
s, , %
Cr / 5
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+ Landrace when mated to a variety of crossbred females. This advantage of

3. Crossbred Boars

Although the literature on the use of crossbred boars is pot exten-
; .

sive, several authors have conducted experiments to evaluate the hybrid's valne

L

as a sire.

< King (1975) stated that, since. the .presence of hybrid vigour in an

animal is generally expressed in characters associated with the overall "fit-

o, 4

ness'" of the species, it has been difficult to evaluate the crossbred boar due -

'3

to the difficulty of measuring male reproduétive performance. In the boar,

PR AR T

the characters which might be studied are earliness of sexual m;turity, libido,
number of fema%es that can be gyccessfully mated, length of breeding 1ife,
and numbers of viable offspring pEoduced. Also, it would be relevant to evalu-
ate semen production and characteristics.

The contrast between inbred and e¢rossbred boars can be extrapo- -
lated to provide an estimate of the differences ;::weeﬁ pure?red and crossbred
boars, which indicates that crossbreeding increases the rate of growth of the

testes, increases the earliness of sexudl maturity and increases sperm pro-

duction (King, 1975).

A

. \
Crossbred boars could provide a means of increasing the numbers

of genetically good sires from a given number of tested purebred stock with

N

little extra cost, and cdould also be an economic method of using exotic breeds ,
when they are superior to native breeds in some traits (Kingﬁkl975).
There is some evidence that crossbred sires produce an increase

in litter size. King (1975) reported a significantuincrease in litter size of

litters sired by Pietrain-Hampshire boars in comparison to Large Whites or

litter size persisted to weaning. The explanation of, this phenomenon may be

a reduction in embrygnic mortality due to heterosis in the embryos.

-

Feayg

*
N
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d In studies of the progeny of crossbred boars, it has been found

s

*that their average performance reflects quite closely th35 to be expected from

the average performance of the two parental breeds of the crossbred boar.

L .
&ing (1975) observed that the variability in pgrformance of the

—l
"4?foffspring of crossbred boars should also be examined. A suspected 1lncrease
ol . .

&~:fh variability of these progeny has been used as a strong aréyﬂéht against the

use of these boars. This increased variability is only to be expected i
goa t

characters which are determined by a small number of gene pairs such as

FS Y 4

- colour or ear carriage, but not to characters such as growth rate and fatness.

All results from using crossbred boars indicate no increased variability in

body weights and growth rate over purebreds.

He indicated that in using crossbred boars the main problems are

1

the choice of breeds‘and,the cost of producing the boars. Ideally, one should

- . W

use two parent breeds for the crossbred boar that are genetically distinct

from the sow to be used. If competitive perfotmance in terms of growth rate,

4

efficiegcy of food conversion, and carcass characteristics has to be maintained
, .

it.may be difficult to choose two additional breeds. Sperific requirements
in the carcass, such as minimum length, may preclude the use of certain breeds.

It may be difficult to produce crossbred boars in commercial

\ -
numbers since it entails the keeping of two purebreds to be used in the cross-

ing, These two breeds must .be selected intensively to ensure a competitive

N ~

performance level in their: crossbred offspring.

A\

4

In crosses utilizing Minnescta No. 1, Minnesota No. 2, and

Minnesota No. 3, "purebred' boars and a combination of these breeds as hybfid

. boars on ﬂ;nnesota No. 1 spws, Remple et al. (1964) found that the progeny of

purebred sires were superior for backfat thickness and daily gain. The authors

explained the superiority of the purebred sires by indicatingﬁgreatér selection
5

/
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was practiced for this trait in these boars. The difference in backfat

thickness was not entirely explained. It was found that the variances of pro-

geny performance were similar for’purebred and crossbred 'sires, which was

-

concluded to mean t@pﬁ the use of crossbred sires in systematic crossing systems
need not result in increased variation among the progeny. Rempel stated that,

S -
in general, the progeny of crossbred boars will perform at an equal level

to the average performance of progeny of the parent breeds of the crossbred
sires. Ty

Curran et al., (1972) studied growth, feed consumption per unit

weight gaiﬂ, carcass charatteristics and some aspects of meat, quality in

trials with crosses of the Landrace, Pietrain, Hampshireywand Large White N

i

breeds. Landrace, Lagge White x Landrace-Pietrain, Large Whit

x Piletrain-
Landrace, Hampshire-Pietrain x Landrace, and Hampshire-Pietrain x Large White .
pigs were compared to 91 kg live weight. It was found that all crossbredt

types provided better economy of production than Landrace when assessed by live-
weight gain ang feed éonsumption per unit-weight gain. Crossbred carcasses had
larger quantities 'of lean meat than, and siﬁilar amount of rind, bone, and fat

v

to Landrace at comparable weights, but they showegaa variable tendency to
pé;rer meat quality. Hampshire—?fetrain X Large White and Hampshire-Pietrain x
Landrace carcasses at 9] kg were much shorter than Landrace; 347 and 3§Z
respectiye}y were less than the given acceptable bacon length Of.775 mm.

Sellier (1;73) found no significant differences for ADG, carcass
length, %ackfat thickness or three meat quality parameters in the progeny of
Blanc de 1'Ouest-Pietrain and Pietrain boars, although differences for age at
slaughter and chest weightawére highly significant (P<0.,01), and differences
for age on test and ham weight were very highly significant (P<0.dOl).

v

\4 b .
Age at slaughter favoured the purebred Pietrain progeny as did chest. weight,

age on test, and ham weight,

A s e

A o T s g A W o Mg S
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\ .
King and Thorpe (1973), in an experiment utilizing Pietrain-

Hampshire crossbred boars, studied the mean performance and variability of the
- progeny of these boars under two sysgems of feeding. The Pietrain-Hampshire
boars were compared Yith Large White (the majority) and Landrace boars. The
gilits anqasomglused in the study were o; a variety of crosses. Progeny wer;
fed eithHer ad libitum or on a scale feeding plan. The Pietrain-Hampshire- boars
produced slighgiy slower growing progeny, having the same feed conversion -ef-
ficiéncy; but their daily feed intake was lower than that of the progeny of the
Large White boars. Carcasses of progeny of the crossbred boars were heavier,

although all pigs were glaughtered at }he same weight. The Piettain-Hampshire
progeny carcasses were over 3 c¢m shorter but had about the same shoulder fat

and eye musecle fat measurement, with significantly less fat over the loin and

more at the middle of the back. These carcasses had more than 4 cm2 greater

-

S
‘area of eye muscle. The authors state that, on the whole, the Pietrain-

Haﬁpshire crossbred boar compares favourably with the Large White for the pro-
duction of market pigs, especially if carcass iength is not 1included in the
grading system of the carcasses.

Smith and Lishman (1974) also compared the peiformance of Pietrain-~,
Hampshire and Large White boars. Although their data may be‘faélted for small
numbers (the use of only Q boars anq 24 sow;), they found that breed of sire
did not effect litter size or tptail;eight at b}rth or weaning. It was found
that crossbred pigéigrew more slowly to slaughter by 5Z but had equal effi-
giency of live-weight gain. The crossbreds ﬁad higher carcass yields (3%),
shorter carcasses (;Z), and larger eye—muscle areas (18%). Traits not affected

were fat depths, joint proportions and cut out values. In the crossbreds,

'eye-muscles' were paler in colour and had a lower water-binding capacity than

.
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those of the purebreds, but pH values and transmission percentages were similar.

Large White, Landrace, Large White-Landrace, landrace-Large White,

! »

Hampshire-Large White, and Hampshire-Landrace boars were evaluated by Lishman

et al.. (1975). They found that breeding of the Hoars did not effect the level

o

or variability of litter performance. Differences in performance and carcass

traits between the progeny of purebred and whitecross boars were found for
1 . .

"eye-muscle' area and fat depth over the 'eye muscle'. " Progeny of Hampshire-

i

'eross boars had -carcasses which were 27 shorter than those from white boars.

o

S ’ !
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4. Double-Mating

Double-mating can be considered to be the most efficient s%re

evaluation system, producing a. litter consisting of progeny from two boars.
A typical double~mating plan'was outlined by Roberts and Carroll

/7
(1939) as shown below.

\

Table 2: Double Mating Plan - \

-

Sows Boars
Duroc Jersey X ( Duroc Jersey

( Poland China

( Duroc Jersey
( Poland China *

i,

ik

Poland China X

Fredeen (1957) stated that double—gating provides comparative data
on two sires by controlling dam differences in ﬁ}e— and post-natal maternai .
environments. After carrying out early experiments in double-mating swine,
Hays (1919) concluded that crossbreds were superior to purebreds for the pro~
duction of fé;der hogs. Shaw and MacEwan (1936) found that reliable t;st
results could be obtained with a small number of litters using double-matings.

Lush et al. (1939) double-mated Duroc, Poland China, and York-—
shires and their crosses to evaluate the progeny of purebréd, single cross,
backcross, and three-breed cross matings. They found that crossbred/pigs were
more vigourous at birth, showed greater survival to weaning and gained more
rapldly after weaning. )

Thg determination of paternity gn‘double—mated liﬁters has been

established through the use of colour markers. Sumption (1961) outlined the

inher%tance of colour patterns for six breeds, when crossed with the Duroc,

1
|
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and Searle (1968) examined the geneﬁic bagsis of coat colour in swine and other
I

t mammals. Using solely colour markers for determining sire identification has

1

,.‘

. " limited the use of double-matings to the comparison of breeds of contrasting
colours. However, the advent of blood-group markers for paternity determina-

tion (Buschmann, 1964; Widdowson and Newton, 1964; Newton ‘and Widdowson, 1965;

P e A ¢ e R RS

~

™ ) Saison and Moxley, 1966) has removed this restriction and has allowed wider
application of double-mating. ’ :
. The determination of paternity is usually established. on the basis . 5

of blood group factor inheritance within one or more closed systems, t.;hich is

one in which all animals in a population react to one or more of the known

2
‘
4
-

antisefa for that system. Saison and l;ioxley (1966) presented a method for

é:
sire identification using the L system as follows: %
B
- é
. | - #
Table 3:  Double Mating Sire Identification Plan | 2
C ' o s 3
2 .Km%c‘ - o ;
‘ » . (L_SYSTEM) .
. " Sow 'Cenetzgé Boar Genotyi:e Progeny Phenotype Fronm
’ -, ‘ . ) Each Boar
, ( Boar 1 L%/12 L (a+ b-)
- - a, a..
"- L /L X ( b b
. ( Boar 2 L /L L (aft b¥)
b, b
~ (Boar 1 L /L L (a-b#)
b, b N
L /L X ( a.a
(}oar 2 L°/L - L (a+ b#) ’ p
H]
Paternity identification is possible in double matings when one §
M 1 ' i:?
E . . boar is homozygous for any factor -not found inAhe second boar nor the sow.
X . Howard (1968) stated that, on the basis of double matings using \
; both colour and blood group markers, mating systems and sire comparisons tan E
. O | ' 4
; . | g
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be made more efficiently on a within-litter basis than on a between-litter
t basis. Kennedy, Moxley, and Saison (1974) compared double—matir;g, sequential-
mating, -and fandom—méE}ng to evaluate sires and breeding plans. They found
that double-mating was the most efficient breeding plan of the three studied.
Multiple sire mating has been used in the development of new
. breeds of swiné, such as the Minnesota No. 3 (Sumption et al., 1959). The
author; éonciuded‘that, in a random mating situaéion, the possibility exists

for natural selection to favour more active sires which are capable of

Q
production of viable sperm. .

Roberts and Carroll (1939) suggested that the simultaneous intro-

duction of semen of two boars into a sow could increase the frequency of mixed

e -

R TS, R

* . litters and produce‘a balanced proportion of progeny attributable to each sire.
" This 1s possible through the use of artificial insemination of mixed semen.

It was noted by Lush et al. (1939) that certain boars sire more

G )
[, W51

progeny than others in double mated litters and this appeared to be independent

of order of service or breed of sow br boar. Saison and Moxley (1966) pre-~

—

sented additional evidence for préfgfeﬂtial fertilization in.natural matings

and mixed artificial inseminations.

2

Other imterestingsconsequences of double mating have been repofted.

; Roberts and Carroll (1939) noted an average of two more pigs per litter in
- double ‘matings compared to single -matings. Sokolovskaja et al. (1964) observed

higher conception rates and lower embryonic mortality with mixed inseminations.

i

Hlebov (1965) similarly found that condeption rate, embryo weight and litter

% -

Pt
3
4
€
X

size all increased when mixed inseminations were used. antrarily, Sokolovgkaja

et al. (1966) stated that mixed inseminations increased embryc*surviyal without
i . ’ -~

increasing conception rate.

(:;’ ) ) In Yugoslavia, Cerne and Salehar (1964) foun& that the number of -

+
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pigs born alive was significantly decreased when mixed insemitiat:ipn was used,
. L

r

‘ which conflicts with the previous evidence. '
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ITI. MATERTALS AND METHODS

The experiment was designed to evaluate the productiye and repro-
ductive performances of Hampshire-Duroc boars in relatiég to Hampshire, Duroc,
and Landrace boars. Boars in the study were selected on the basis of their
value as poésible herd sires in ovefall characteristics such as size, conforma-
tion, strength of feet and legs, and st;;e of health. iroductioq characteris-
tics stuch as backfat depth, agé to 200 pounds, and efficiency of food conver-
sion were not of paramount importance in the selection of’the boars, since it

was desired mot to bilas the study by choosing extremely superior boars of one

breed over poorer boars of another breed, based on the above three production

M

-

. '
In order t&\reduce maternal influences on the progeny tests of the

boars, double-matipgs were carried out, thus producing progeny of two boa

Y

within a litter fof comparison pur{oses.
Fourteen sires, 118ndams and 529 market pigs were involved n'iﬁi

study. All:market pigs were farrowed from September, 1974 to February, 1976.
: Landrace sows of the Macdonald College breeding herd were housed

either in group pens or in single stalls,‘while all boars were housed in indi-

vidual 3fns. All were fed a commercial, pelleted ration of 157 protein' boars,

'3.64 kg/day; non-lactating sows, 2.27 kg/day; and lactating sows, 4.55 kg/day.

The sows and boars used in the stuXanged in.age from 1 to 4 years. All sows
and several of the Landrace boars weM farrowed and raised 1n'the Macdonald
College herd, while the Dulsézﬂﬁampshire, Hampshire—Duroc, and remaining
Landrace boars were bought from producers in Nova Scotia, Quebec, and Ontario. .

..
The semen from up to three ejaculations from each boar was evalu-

ated grossly for volume, and microscopically for concentration, motility,
L

*

[
i
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morphology, and live-dead rate of the sperm.
v AN
The sows were checked for the presence of "standing heat" every

morning by putting pressure manually on their backs in the presence ‘of a
{

boar. Sows were generally bred on the first and second days of "$tanding
- -
heat". If a sow was to be bred, semen was collected from two appropriate boars

with the use of a dummy sow on which the boars mounted. After collection,
according to the gloved-hand technique of Herrick and Self (1962), the semen
was strained through cheesecloth to remove the gel fraction andwmeasured in a

graduated cylinder. Eighty ml of semen was used from each boar regardless of

variation in sperm concentration. Previous work had established that equal

volumes of semen was as effective as equal concentrations in producing split
b
The sows were bred with

Y

the 160 ml of mixed semen in the morning of each day of 'standing heat'. ;

litters having both boars represented (Howard, 1968).

. Table % shows the number of sows bred to each combinaéion of boars.

Tablé 4: Mating Distribution s

i

Landrace Boars

149-E  2749-C  267-C  1043-D  1500X-E Total
1-F (H)a 2 1 3 3 2 11
136-F  (H) 0 4 6 2 . \1 13
547-F (1) - 5 1 0 4 12
71-E (D)a 3 2 2 3 .13
459-F (D) 1 1 6, 2 2 - 12
54-F (D) 6 1 2 1 3 13
. 15-E (Hp)a -2 3 4 1 1 11
16-E (HD) 10 2 5 3 1 21
2702-F (HD) 2 4 0 6 0 12
Total 31 19 28 © 25 15 118 .
- -
2(H) = Hampshire 4
(D) = Duroc .
(HD) = Hampshire-Duroc
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The sows were moved to individual farrowing crates 5 to 7 days %

before the ‘expected date of farrowing. Twenty-eight of the sews were induced e
td farrow from 2 to 3 days early by the intramuscular inj?ction of an analogue %
of Prostaglandin F2 @ which was being used in a separate, simultaneous study QE
(Downey et al., 1976). Each Thursday morning, sows to be induced were given %%

s
g

P
e 3

a single intramuscular injection of 50 mg AY24,6551 as the sodium salt. If

,4
3

Y

farrowing appeared to be imminent, an animal was left as a control. Sows
were observed con;inuously for approximaéely two hours posq—injectiop‘for
evidence of side—effectsf and ‘then, occasionally, untll onset of partur}cion.
Identification of the sire of each piglet was based on blood-
typing of the sows, boars and piglets or by phenotypic identification of the .
offsﬁring. Blood samples for typing were drawn from an ear Qein of mature
pigs, and from the anterior vena cava of youné pigs, into an equal volume of

sterile Alsever's solutioﬂ, and refigerated until bloodtyping‘éould be
\ .

carfied out.
| The pigs were typed for up to 36 blood'group factors in 17
systems. As outlined by Saison and Moxley (1966), the system found most
effective in identifying the pigl;ts was the N system,‘ﬁiich is composed of
three factors; a, b, and c. The a and b factors are complementary chaiacters

and form a closed system. The c égktor is a sibgroup of the b factor and

is not found 1f the b factor is not present. Sire identification could be

especially easily made if one boar was homozygous positive for either the
- \
. -

a, b, or bec factor and the second boar and sow homozygous negative for the

~

same factor. ' ’ |

1Ayerst Research Laboratories,
Montreal, Quebec ) *
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Direct Agglutination (Saison, 1958), Indirect Agglutination (Coombs),
. X . )
M
as outline?’bi’?Eiéon (1958T>2g?pillary, Capillary Papain (Lewis .et al., 1958),

and Hemolytfaw(Stormont et al., 1950) tests were used to type the blood group
* ‘ B -

systems. In combination with phenotypic methods (i.e.-identification of the
{ -

piglet's sire by the piglet's gplour or appearance) it was possible to
\

identify most dy the piglefs. Any piglet whose sire was not identified was

discarded from &ﬁe study. \

1
Pigléts wEYe weaned at 3 weeks of age, housed in group pens and *
i ‘ I
| - -
fed a ration containing 187 protein ad libitum until they reached 23 kg or

greater in weight. At this point they were moved to smaller pens containing

. i , \ >
6 to 8 animals and fed, ad libitum, a ration containing 15% protein. They
remained in these pens until reaching a markét weight of 80 to 90 kg. The pigs
were slaughtered at a commércial packing plant and the carcasses weighed,

measured for depth of backfat and given an overall carcass index by Agriculture

Canada'graders.
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» - IV. SEMEN EVALUATION

1. Method of Analysis

A hae s s vy e 1
o

. “
Two or three ejaculates from each of the five Landrace, three Y
"Hampshire, three Duroc and three Hampshire-Durcoc boars in the study were

evaluated for seven semen characteristics: volume in ml, concentration in
1 :

e B el

millions of sperm/ml, concentration a8 a s¢ore, motility.as a score, mor-

phology as a score, live-dead rate as score, and total semen score. Scores

*

were asgsigned according to Her(ic and Self (1962). The ejaculations were

obtained by the gloved-hand technique of Herrick and Self (1962).

Table 5: Detalls of Scoring

d

Concentration o Tap Scor% 20
4 (} Motility (Degree of Vigour) Top Score 40
' Morphology (Per Cent of Normal and Top Score 30
3 Abnormal Sperm)
Live-Dead Rate (Per Cent of Motile Top Score 10 ‘
} Sperm) 2 —_—
‘ Semen Score i ' Top Score 100

rd

Although the ratings are somewhat subjective and each individual

techqician tends to establisﬁ his own standards, all ratings were done by

\

the author and were measured as objectively as possible for all ejaculations.

Least squares analyses to estimate the effects of breed and sire

s

‘within breed, and the linear and quadratic effects of age of boar at collec-

tion (months) were performed (Harvey, 1960).

¢ i
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The model used is given below:

*
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2
Hotby F syt “113k” 2% 13k * ik

u

Yijk

\ ’ .
where yijk = an observed semen trait

. H = the population mean

bi = the effect of ith breed

‘ s,, = the effect of the jth sire within the ith breed
¢, = the regressit;n of yijk on age at collection
a = the age at collection of the ijkth ejaculate

¢, = the regressioh of yijk on agez- at colledtion
!

a = the age2 at collection of the Eijth ejaculate

: F
the random error associated with-the kth ejaculate

of the jth sire within the 1th breed ~ (040 2). .

All effects, other than the error term, were treated as fixed.

(]
H
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2. Results and Discussion

Estimates of breed and sire effects and their standard errors are

given in Table 6. Breed effects were expressed -as deviations from the Hampshire-

Duroc cross. Sire effects were expressed as deviations from crossbred boar
2702-F. Analysis of variance tables, based on transformed data (square root)
are in Appendix Table "A. . -

No sign?ficant linear or quadratic effect of age was found. A
significant effect (P < 0.01) of breed and sire was found for semen volume
only.

L .

Hampshire-Duroc cross boars were superior for semen volume.
Although differences were not sigpificant, Landrace boars appeared to be
superior for live-dead rate, Hamp;hirb boars for moti;ity and overall scere,

A

Duroc boars for concentration and morphology. Hampshire-Duroc boars appeared
’

supgrior to.the Landrace boars in all characteristics except live-dead rate.

The advantages of the crossbred boars over the Landrace standard are evident,

especially in total semen score, wﬁere the Landrace ranked fourth and the

crossbred second. The semen score of the crossbreds closelj approached that

»

of the value of their best parent breed, the Hampshires, iﬁ&@cating a possible
heterotic effect may be %Sting over all the semen characteristics. If semen \
score can be taken as an overall indicator of the “fertilizing ability" of the
sperm, then, in relation’ to the Landrace standard, the grossbred boars appear
superior, although the differences were not significant.

The evidence for 4 heterotic effect’of the crossbred boars on
semen volume is more concrete as, in this case, brgfd diff;rences were
significant. A negative heterotic effect may be contributing to the lack of

. superiority of these boars for concentration. Semen volume may be negatively

correlated with sperm épngentration (Swierstra and Rahnefeld, 1937).
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Table 6: Least Squares Estimates of the Effects of Breed of Sire, Sire, Age, ’3
> And Age? on Semen Traits
. ) ) -
N Volume (ml) Conc. (106/m1) Concentration Motility Morphology Live-Dead Rate Score
! Breed of Sire
| ! Landrace - 81.232 32.269 - 71.54 &+ 38.543 - 2.94 + 1.675 -0.52 2 1.888 -3.50: 1.211 0.78 £0.264 6.18 ¢ 2.581
Hampshire . - 86.70¢ 30.671 12.15 ¢t 36.634 0.13 ¢ 1.592 2.32 ¢ 1.794 - 2.79 £ 1.151 0.48 *0.250 G.13 ¢ 2.453
_ Duroc . =135.75¢ 23.68B0 27.87 ¢ 28.284 0.80 2 1,229 0.20 ¢+ 1.385 - 2.99 : 0.889 -0.10 $0.193 2.47 ¢ 1.89%
| Hamp~Duroc 0 0 0 0 0 0 0 p
. : Reg\réssions - . ) T ~ !
.1'1 {Age in Months) 23.11¢ 10.454 11.396¢ 12.486 0.708: 0.543 0.759: 0.612 0.091: 0.392 -0,130t0.085 1.429¢ 0.836 ]
52 (Age? in Months2) -~ 0.348¢ 0.208 -~ 0.239: 0,248 - 0.0162 0.011 ~0.018¢ 0.012 - 0.002: 0.008 0.002¢0.002 © - 0.035: 0.017
Sire . R R '_ - . .

v 267-C (L)a ~232.45%2422.308 -994.58 £504.415 -58.13 £21.924 2,01 224.703 ~13.18 £15.853 -0.39 £3.449 -6%9.68 £33.177 .
2749~C (L) 84.10£265.106 ~532,32 £316.649 ~35.45 £13.763 5.50 £15.508 = 7.45 ¢ 9,952 -0.93 £2.165 -38.33 £21.204 S
1043D (L) -240.38%327.889 ~-621.79 £391.639 ~37.29 ¢17.022 7.28 £19.180, -13.91 £12.309 -0.24 £2.678 44,17 £26.225 u
149-E (%) -~ 8.10%# 87.639 .-~ 90.34 2104.678 ~13.60 ¢ 4.550 6.75 ¢ 5.127 4.01 ¢+ 3.290 1.08 20.716 ~15.26 ¢ 7.010
1500x-E (L) - - 14.75%104.430 31.50 2124.734 -~ 1.31 ¢t 5.422 0.43 ¢ 6.109 - 2.21 ¢ 3.920 1.59 20.853 - 1.49 2 B.353 4
1-F - “(H) - - - .21.80%113.405 - 69.96 135,454 ~ 5.42 t >,887 3.99 + 6.634 - 6.8B6 ¢ 4.257 0.62 £0.926 - 7.66 £+ 9.070 k

. 136~F H)y - - 57.39£109.777 100.36 t131.120 - 0.94 ¢ 5.699 2.60 ¢ 6.422 - 1.49 ¢+ 4,121 1.79 £0.896 3.83 ¢+ 8.780
547-F . (R) ~ 78.25*108.328 45.93 £129.3%0 0.27 ¢+ 5.624 1.18 ¢ 6.337 - 1.97 ¢+ 4.066 0.21 $0.885 - 0.31 ¢ 8.664
71-B {D)_,; ,': 62.80£109.705 194.52 £131.034 0.91 ¢t 5.695 0.19 ¢ 6.417 - 4.08 ¢+ 4.118 0.13 t0.896 - 2.85 ¢ 8.774
54~F . (D) . - 94.86:110.080 62.35 £1)1.482. - 0.13 ¢ 5.7215 0.76 ¢ 6.439 1.34 ¢ 4.132 0.28 £0.899 0.74-+ 8.804
459-F (D) ~ 66.672110.624 42.35 t132.132 0.92 ¢ 5.743 ~ -€.72 + 6.471 - 0:13 ¢ 4.153 0.84 £0.903 - 1.10 ¢+ 8.848 .

T 1se o) 7187.41$113.473  103.76 £135.535 0.85 ¢ 5.891  -2.81 ¢ 6.638 4.98 ¢ 4.260 -0.10 20.927 1.22 ¢ 9.076

' 16~E (8D) 37.41£113.473 150.43 £135.535 - 0.51 ¢ 5.891 ~1.48 ¢ 6.638 4.98 + 4.260 1.57 20.927 4.55 ¢+ 9.076

Y 2702-¥ (AD) g 0 - 0 0 0 0 0
‘,.iL = Landrace, H « Hswpshire, D w Duroc, HD - Hampshire-buroc ' .
: : . )
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Sires within breeds were also ranked, in compgaris’on to crossbred
‘ boar 2702-F. The large standard errors obtait'led for volume and coqcent’ratiou“
(in 10% sperm/ml) in Landrace boars 267-C, 2749-C, and 1043-D were probably
due to variation in the frequency of collection. I Semen volume and sper{n con~-
centration depend on frequency of collectior}}, and boars which are not used
with‘the same frequency will tend to vary in their semen volumes and sperm

concentrations. ' .
\
&
Regressions of semen characteristic on age in months and on

age2 indicated that all seven traits excegtt live~dead score increased as age

increased, but at a diminishing rate. Nonebtheless, none of the effects of age

b
was significant. A decreased live~dead rate as the boars became older may

have been due to infrequent collection which resulted in in vivo death of the
sperm. ' 7
(p ) Wilson et al. (1976) in & study of Hampshire, Duroc, and Hanipshire-

A
*Duroc boars, found no significant differences between Duroc and Hampshire boars

for testes \veight, testes sperm, or number of sperm per gm of testes tissue.

Howevera? the crossbréd boars' testes weighed 167 more than the average ’of the

purebreds, and had 27.87 more sperm numbers. It was concludgd that, since

there was no differer;ce between purebi‘eds nd crossb:eds for sperm numbers pér
)

gm testes tissue, the increased sperm numpers ir‘n the crossbred boars 1is a

o

function of heterosis fo: testes growth and the greater testes weight of
. .
crossbretfs"., The authors indicated tiat other research shows that testes weight

is a good i‘ndicator of daily sperm production an'd.' total sperm output by the

" testes. The heavier testes and more testes sperm found in the crossbred boars
at 7.5 mo’nths (castration age) indicated that theSf are more sexually mature thAan
the purebred boars at the same age and have the cq,pacityﬂ for greater sperm

¢ =
[ '-"F production. !

-~ °

w
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These findings agree with those of this study, where Hampshire-

Duroc boars were found to have greater semen volume and were superior to the

Durocs for sperm motility, live-dead rate and overall score, and superior to

the Hampshire for sperm morphology.

hal
e
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V. REPRODUCTIVE PERFORMANCE

1. Method 'of Analysis

The #otal number of progeny sired !ﬁ‘each boar, the dominance of ;

g

the boars ip each double-mating, the conception rate of the sows bred to each

; t
B * ;f boar, the sex~ratio of the litters from each boar, and piglet survival rate ;
. N 1
E ) from birth to weaning were examined. Raw means are given in Appendix Table E
: » : / - L3 !
E B. :
3 To evaluate the dominance of boars in double matings, boars were :
; given a score based on each litter in which they were a potential sire. If a

- ~N
o N

boar sired less than 1/3 of the pigs in the litter, he was considered to be

Ew b

SR TRRRT WL S S

the dominated boar and allocated 0 points. A boar that sired 1/3 to 2/3 of

the pigs in the litter wgf givgp 1 point, and considered to be-a neutral boar.
(: If the boar sired more than £/3 of the pigs in the litter, he was ai}ocated

2 points, and classified as tﬂe domirant boar. A theoretical 1‘ximum domin-

ance rating yas calculated for each boar, and a percentage value determined,

based on the theoretical and actual ratings.

Boars were simply ranked for number of progeny sired, dominance,

A

and conception rate. Differences between breeds in boar rankings were tested

. by the Kruskal-Wallis Test (Kruskal and Wallis, 1952).
. ' Leasé.squares procedures (Harvey, 1960) were used to evaluate

breed of sire, sire, and treatment effects on survival from birth to weaning
>

" |
and on sex ratio of the litters.

-
»

\ . The anéiyses were performed according td the following model:

yijkl = p+ bi+ sij + tkf 'eijkl .

( \ . | > ¥
! .
4 1




where yijkl = an observed reproductive trait |
¥ = the population mean
o bi = theveffect of ith breed of sire '
.th th

Sij = the effect of the j sire within the i~ breed

k tk = the effect of the kth treatment for induction of '
rition ,
e 15k1 = the random error associated with the 1':h Pig

- . ' )

'\160,02) )

/
For hypothesis testing, normality of the error term was ‘:issuix)ed.D

P . °

L -
[ Breed effects were expressed as deviations from the Hampshire-.
Durocgcrossbreds. Sire effects were estimated as the breed plus sire within

breed effect, and expressed as deviations from boar' 2702-F.
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2. Results and Discussion , --

B STy, . )

The number of progeny sired by each boar is given .in Table 7.

-

Hampshire-Duroc Boar 15-E sired the highest percentage of pigs (84.937),

g

while Landrace boar 2749-C sired the lowest (15.79%). It is interesting to ' %

» ~ }}
g note thit the Landrace boars occupied the lowest five places in the ranking ) %
. - order. That is, the Landrace boars all sired lower percentages of the litters i
=

in which they were involved than any of the other breeds of boars (P < 0.05).

TEETPE R < N

It may be posfulated that a heterotic effect is acting in the embryos sired »

'

e

by the Hampshire, Duroec, and Hampshire-Duroc boars when bred to the Landrace

G il

/ .
sows, and that there igfreduced intrauterine mortalit’y of these embryos in

, .
comparison with those sired by the Landrace boars.

Skjervold (1962) discussed different environmental and genetic

s6urces'to explain a special boar effect on litter size, and divided the

[p—

problem into:: 1) factors affecting'theenumber of ova ferﬁilized, and
2) factors affecting the number of embryos{developing

normally until birth.

He concluded that différeﬁces in litter size between sires must be due to

differences in the genotypes for embryonic vidbility between progeny groups.
ﬁigs experience serious prenatal mortality (Crew, 1925; Parkes,
1925). Hammond (1914) reported an overall prenatal mortality of 26.7%.
Crew (1925), Burger (1952), and ?omeroy 61550) reported foetal deaths at
26.45, 37.34, and 38.53 per cent respectively. If a heterotic effect is present
with respectito survival rate, the c;ossbted embryos should benefit in that
they will have increased vréour and survivability.
Rankings of the Hampshire, Duroc, and|Hampshire—Duroc boars Pnly,l

were examine with respect to number of pigs sired by eachﬂboar, but no sig-

( A nificant difference was found in the/ ranking otrder of these breeds alone; that
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1
‘ Table 7: The Total Number of Progeny Sired .
_ By Each Boar
In the Double~Mated Litters
. No. Total No. No. Sired *
Boar of Litters Progeny By Boar Per Cent
15-E (#D)® 8 73 62 84.93
136-F (H) ‘ 10 110 88 80.00
459~-F * (D) 10 , 81 67 77.01
54 )3 ’ 11 102 70 68.63
16~ (HD) 14 104 . 62 59.62
547~ (H) 7 - 58 34 58.62 .
71= (D) 10 82 48 58 54
1-F (H) ‘10 ., 83 . 43 { ¥51.81
2702-F  {(HD) 12 .13 65 49.62 )
1500%X~E (L) T 12 122 58 47.54
1043-D (L) 21 174 77 44.25
149-E (L) 25 207 . 82 39.61
267~C (L) . 17 156 47 30.13
2749-C L) 17 _oin. - 27 15.79
' % of 184 % of 1660 830 T -
N = 92 = 830 -

a ) - ‘

L = Landrace. V

H - Hampshire .’ /

D = Duroc

HD = Hampshire-Duroc

>
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is, with the exclusion of the Landrace from the test. Therefore, it appears
that any heterotic effect presen% is effectivg in the offspring of all breeds

examined excepting the Landrace.

-

Hi1l (1971) reported a two per cent increase in the number of pigs

born alive in crossbréd litters from purebred dams. ﬁowever, 0'Ferrall et al.
(1968) found that litter size at birth was practically the same for-ipbred and
crossbred litters, although there were highly significant differences in favour
of crossbred pigs at 21 and 56 days of age, probably due to a higher survivai

-

rate up to 21 days of the crossbred litters. 'Winters et al. (1935), Hutton
{ ' . -

and Russell (1939), and Lush et al. (1939) found that crossbred litters at

birth were intermediate in size to those from the parental breeds. Therefore,

it appears that, in some work, heterosis is detected in thé crossbred off-

spring and, in others, it is not. This may be a function of the actual breéds

used. |

Rankings of the boars‘for dominance in dougle—matings are in Table
8. Hampshire boar 136-F was highest ranked (85.00%) andkLandrace boar 2749-C
was lowest (14.717). The Landrijce boars all fell in the bottom half of the
ranking order, but breed differgnces for dominance rankings were not significant.

When compared as two groups, there was no significant difference between the

Landrace -boars and the other three breeds.

Since the dominance rating of a boar is affected by the number of

pigs he sired, his position in the two rankings should be similar, as is found

i

for the Landrace. A highly significant (P < 0.0l1) correlation of 0.877 was

calculated based on the rankings of the boars for total number of ptrogeny sired

and dominance rating.

i

Ollivier and Legault (1967) demonstrated a highly significant

ranking order of boars in respect to litter size at birth. Sumption (1961)

!

presented evidence of selective fertilization in swine as did Libizov (1956).
i
»
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Table 8: The Dominance Ratings of The Boars
In the Double-Mated Litters
Maximum Dominance Actual b .
Boar - . _Rating Possible R quinance Rating Per Cent
136-F  (u)? 20 4 17 85.00
459-F (D) - 20 i6 . 80.00
547~F (H) R . 11 -78.57
15-E . (HD) 16 11 ! 68.75
16-E (HD) © 28 19 . 67.86
54-F (D) 22 13 . 59.09
2702-F  (HD) 24 14 , 58.33
1500X%-E (L) o 24 12 . 50.00
71-E (D) 'Qp 8 o 40.00
149-E (L) T 50 16 X 32.00~
1043-D (L) 42 - 11 , 26.19
1-F (H) 20 5 h 25.00
G 267-C (L) 34 .6 17.65
2749-C (L) . 34 ) 5 14.71 .
8y, = Landrace b >2/3 of pigs in litter by boar = Dominant = 2\
H = Hampshire 1/3-2/3 of pigs in litter by boar = Neutral = 1
D = Duroc ! <1/3 of pigs in litter by boar = Dominated = O

HD = Hampshire-Duroc
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Sumption states that, baéed on j eatti;s (1957) wprk with rabbits, differences
in competitive abilit%/and/orféoncentration of viable sperm are plausible hygo—
theses for.differenti&} fertiiization. In poultry, Allen and Champion (1955)
have observed Qubstantial correlations between sperm quality and number\of pro-

geny per sire. Skjervold (1962) stated that the differences in boar effects

on litter size could be due to'a difference in semen quality and quantity. At

the present time, a definitiveiexplanation of the phenomenon of preferential

1
fertilization is not availableﬁ although Martin et al. (1974) reported, in

chickens, a relationship between the ratio of thé numbers of competitive sperm-
atazoa and the proportjons of 6ffspring sired by the males.

’ This stddy found that the Hampshire boars had a suaperior overall
semen score in comparison with the other breeds, while the\lLandrace had the
poorest s;ores.

A highly significant positive‘cogyé{;tion of 0.837 was degegpine&
between semen score and dominance rating. This seems to indicate thag semen
quality, has an important effect on the ability of a b;ar to fertilize the ova
of the sow. An identical co;relation of 0.837 was found between semen score
and number of progeny sired by each boar. Both these cofrelations agree with
the work of Allenuend Champion (1955), in poultry, and Skjervold (1§62), in
swine.

Although many other factors may be 1mp9r§ant in preferential
fertilization, the importancé of semen quality cannot be ignored.

The conceptipn rates of the sows bred to each\bpar aré in Table 9.
A négative, but non-significant, correlation of -0.332 was calculated between,
dominance and conception rate rankings. Even though a boar sired\a lar;e |

percentage of the piglets in his litters, which may indicate some superiority

of his semen over that of the other boar in the double-mating, the. sows to which
‘ ’ -

\
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Table 9: The Conception Rates of the Sows
Bred to Each Boar

3 No. of Sows Bred No. of Sows Not .
Boar- to Listed Boar Returning to Beat Per Cent -
2702-F  (#D)? - 12 _— 12 100.00
1-F (H) 11 10 90.91
2749~C (L) 19 <17 89.47
54-F (D) 13 , 11 84.62
11043-D (L) . 25 ' 21 84.00
459-F (D) K 12 10 83.33
149-E (L) 31 - 25 80.65
1500X-E ' (L) 15 12 80.00
136-F (H) 13 \ 10 76.92
71-E (D) 13 - 10 76.92
15-E (HD) 11 8 72.73
16-E (HD) 21 14 66.67
267-C (L) T 28 . 17 60.71
547-F ) 12 ) 7 58.33
Total % of 236 = 118 % of 184 = 92 -
aL = Landrace

H = Hampshire

D = Duroc

HD

= Hampshire-Duroc

. \
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he was bred did not necessarily stand a good chance of remaining pregnant.
Therefore, it appears that conception rate of the sows is influenced most
greatly by the sows themselves, while the goars produce the competitive advan-
tages in litter size by means of ﬁreferential fert}lization.

A negative correlatfon of ;0.244 was determined for the relation-
ship between thg\rankings of the number of pigs sire& by each boar and the con-
ception rate of the so6ws bred to that boar.

The effects of breed, sire wiﬁhin breed, and treatment on sex ratio
(per cent males }n the litter) are in Table 16. from the staqdpoint sf breed,
the Hampshires produced the greatest number of males, and the Durocs the fewest.
Hampshire boar 547-F produced the largest number of males, and Landrace boar
2749-C the fewest. Analysis of variance~(Apéendix Table C) was \er formed on
the data (arcsin transformation); but no significant differences were present.

The boars were ranked, and a highly significant positive correla-
tion of 0.675 was determined between the rankings for dopinance and sex ratio.

Kennedy (1970) found a significént difference (P < 0.05) in the
number of males sired by dominant (51.47 males) and dominateq (63.7% males)
boars. These results contradict tge present study. Many external factors such

)

as breed of sire and dam, season of year, and natural or artificial service
may 'be involved in this phenomengn. ‘Further work is needed to resolve the
question of dominance and sex ratio, and its possible economic use.in animal
breeding.

The per-.cent survival rate of‘the piglets from birth ‘to weaning is

given in Table 11. The values were calculated as (number alive at birth/

number alive at weaning) x 100. Analysis of variance tables based on trans-

* formed data (arcsin) are in Appendix Table C. ‘ -
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Table 10: Least Squares Estimates of the Effects of Breed of Sire,
i Sire, and Treatment on the Sex Ratio
0f the Double-Mated Litters

Sex Ratio (%)

4 2
Breed *‘of Sire
Landrace . -10.626% 3.916:
Hampshire . 2,617+ 7.831
Duroc -11.540¢+ 7.690
Hampshire-Duroc ‘ 0
Sire
267-¢ (L)? » 5.260£13.973
2749-C (L) -36.879£14.177
1043-D (L) - 0.566t10.625
. 149-E (L) ) 4.307£10.496
! ! 1500X-E (L) = 7.174%£13.493
Y \ _ -

‘: 1-F (") ~ 8.512+13.313
‘ 136-F (") - 5.734%21.164
‘ 547-F (") 40.549£17.751

71-E (D) , ) - §10115151921
54-F (D) -14.294%16.496

; 459~F (D) " 7.588£18.885

) \
15-E (HD) -12.470%20.440
16~E (HD) . 12.232#11.812
2702-F (HD) 0 N
Treatment
Not Induced - 0.223%£ 2.728

. Induced 0

. i " 3, . Landrace
' H = Hampshire
' D = Duroc
! HD = Hampshire-Duroc
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Table 11: Least Squares Estimates of the Effects
Of Breed of Sire, Sire, and Treatment

On Percent Survival From Birth to Weaning

Breed of Sire

% Survival

aL = Landrgce
S H = Hampshire
D = Duroc

HD = Hampshire-Duroc

—~

/ Landrace - 0.188£1.374
Hampshire - 2.385£2.748
Duroc - 6.034t2.698
Hampshire-Duroc 0 k
Sire
267-¢c (1)*® - 3.566£4.902
2749-C (L) -12.089t4.974
1043-D (L) ~ 3.938+£3.729
149-E (L) - 7.960+3.683
1500X-E (L) 4.00924.734
1-F (1) 0.349t4.671
136-F (H) -29.419+7.426
547-F (") - 5.295%6.228
71-E (D) -13.375£5.270
54~F (D) . =\5.130%£5.788
459-F (D) - §.875t6.626
15-E (4D) - 7.02117.171 /s

- 16=E (HD) ~ 9.802:4.144 P
2702-F  (HD) o,
4
Treatment ,/// c
Not Induced - 1.99946.957 .
Induced ,///,0 e
—

‘>
& b
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y Although breed differences were not significant, the Hampshire-

Duroc progeny had ‘' the best survival to weaning percentage, which indicates .
that a heterotic effect ﬁay be present for survival. N
Induced pigs had a survival advantage of 1.99920.9577 over non-

induced pigs. This difference was not significant.

Brekke (1948) teported death losses of 16.621at 21 daysvfor
Norwegian pigs born @etween 1932 ;nd 1944, Trulsson (1957, cited by
Belanger, 1964), observed éﬂtaverage loss of 20.0% at 3 weeks of'ég; in litters
of Swedish Landrace sows. ' Vernon (1948) reporté& that mortality in pigs to

21 days of age was 30.3%7 in linecross males, 24.77 in linecross females,

41.5% in inbred males, and 38.2%7 in inbred females. Cox (1960) stated that
the reduced mortal}ty in crossbréd pig; was almost three times greater in

males as in females, and the difference between male and female mortality was

[

more than twice as large in the purebreds as in the crossbreds.
Among the interesFing reproductive phenomena detected in this
study were the superiority of the Hampshire, Duroc, and Hampshire-Duroc boars

for number of progeny sired, the relationship between semen score and domin-

%

ance rating, the positive correlation between dominance and sex ratio.
I8

v
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VI. PRODGCTIVE PERFORMANCE i

1. Method of Analysis .

¥

. Least squares procedures (Harvey, 1960) were used to evaluate

sex of pig, breed of sire, litfeqt siré,’and treatment . effects on ten produc-
tive traits - birth - weight, weaning weight, eight-week weight, average d;ily

- gain to market (from birth, 21 days, and 56 days); age to market, carcass
yield, backfat thickness, and carcass index.

The analyses were performed according to the *following genergl

model:-

-

utb, +s + t. + lk

Y1jklan 1 T8yt Y tg, tew

1 1ikimn * ®ijklmn

where = an observed productive trait on the nth pig:

Yijklmn =

()

pu = the population mean

¥
bi = the effect of the ith breed of sire
) th ' th :
sij = the effect of the j sire within the 1 breed
tk =" the effect of the ktb treatment for induction of
parturition ' ‘
th th
1kl = the effect of the 1 litter within the k treatment
By = the effect of the mth\sex of pig
' ]
¢ = the regr?ssion of Yijklmn on liveweight at market a?e
¢ o _ ‘ th ,
Vi iklmn = the liveweight at market of thé ijklmon~ pig
th '
eijklmq = the random error associated with the n ™ pig

v (0,0 2)

‘J .
For hypothesis testing, normality of the error term was assumed.

e

(:} ‘The treatment for induction of parturition éﬁsﬂiZEi”was included in the' .
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analyses for.birth weight, weaning weight, and eight-week weight, and was

"

omitted for the later growth and carcass traits. The liveweight covariate

was included only for age to market and backfat thickness.

| Breed effects were expressed as deviations from the Hampshire-

Duroc crossbreds. Sire effects were estimated as the bgRed Plus sire within

| —

breed effeét, and

expressed as deviations from boar 2702-F.

{

by

¢

?

ey
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2. Results Qnd Discussion .
N Birth weight, weaning (21 day) weight, and 56 day weight were

. |
examined as early growth traits. Raw means are given in Appendix Table D.

Analysis of variance tables are found in Appendix Table E. Least squares
estimates with their standard errors are in Tablg 12.
Birth weight was affected significantly (P < 0.05).by sex and
. highly significantly (P <‘O.Ol) by breed, treatment, and litter within treat-
|
ment effeéts. There was no significant sire within breed effect, ‘
. ‘ Female pigs weighed less éhan\male pigs, and the progeny of the

Hampshire-Duroc boars w;?é’heavier than the offspring of any of the other

o

breeds. Landrace progeny were Ehe lightest, ind}cating that crossbred pigs .

hayé an advantage for birth weight. Piglets from treated sows weighed less
. l '

¢
than those from untreated sows.

Smith et al. (1973), utilizing Hampshire and Large White boars,

! !
found that breed gf boar had no significant eff%ct on mean piglet birth weight.
Smith and Lishman (1974) in a gtudy of Pietrain-Hampshire and Large White boars

- AY

reported that breed of sire had no effect of total litter weight at birth.

-

Lush et al. (1939) compared pure and crossbred progeny from 36 doubléZmated

Duroc Jersey and Poland China 8QWs. They reported that the crossbreds weighed

I

2.5% more at birth. O'Ferrall et al. (1968) observed that crossbred litters

welghed 0.64 kg more thag~inbred litters when born. o ' !

0
. veoo Thus, some authors detect an effect of breed on litter and piglet
weight at birth, while others do not. This may be a.function of the actual

e breedqused in the cross, and the effects may be confounded by eﬁyironmental
i L)

' differ@nées. ‘
o

A f

_ ' /
Twenty-one day weight was affected signifggantly €P < 0.05) by

.bfeeé, and highly significantly (P < 0.01) by‘litter within treatment effects

{ . >

g
» 4
/ e ‘ . ‘
' ' o *
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Table 12: Least Squares Estimates of the Effects ok Sex, .
Breed of Sire, Sire, and Treatment on Early !
t Growth Performance
\ ‘;{‘
Birth Weight 21-Day Weight 56-Day Weight %
o . ¢ %
Sex of Pig ~ %
hFemalé ~0.042£0.009 - -0.142+0.036 -0.180%0.103 ":f;!
x{zle 0 0 0
BYeed ‘of Sire \
Landrace ., ~0.090£0.018 -0.066%t0.072 0.27420.194
- Hampshire -0.00820.035 0.239%0.138 0.882+0.386
Duroc -0.030£0.034 . 0.315%0.134 1.132#0.375
Hampshire-Duroc 0 4] 0
Sire \
267-C ‘ \(L)d -0.05720.063 -0.17620.252 0.13240.705
2749-C (L) -=0.131%0.070 ~0.336%0,282 -0, 24910.826
1043-D (L) ~0.11520.044 ~0.207%£0.187 ~0.581£0.521
149-F (L) -0.175%0.044  ~0.117£0.192 0.248+0.533
1500%-E (L) -0.05120.044 0.094%0.202 0.266%0.570
ﬁ 1-F (H) -0.051%0.063 0.31920. 244 0.962%0.681 "
136-F - (H) ~0.116%+0.083 -0.514%0.370 -0.788%1.064
547-F  (H) 0.007%20.077 0.42120.294 0.920%0.814
71-E (D) ~0.092£0. 063 0.431%0.264 1.249£0.742
54~F (D) 0.003£0.070 0.257+0.277 1.294£0.772 .
459-F (D) -0.140%£0.083 0.11020.337 -0.126%0.932
15-E ,  (HD) ~0.061£0.089  -0.5610.337 -1.837£0.935 ¥
16-E (HD) ~0.075£0.054 0.026%+0.214 -0.117£0.598 ™
2702-F  (HD) 0 - 0 0 *
/ \ Treatment i s M
Not Induced 0/10420.010 0.014%0.041 0.3240.114 E
Induced 0 | 0 0
. . o ,
N . s
e A= Landrace ) |
H = Hampshire
D = Duroc ¢

w“

HD = Hampshire-Durqge

5
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L - Sex of pig, sire within breed, and treatment effects were not significant. 2
i K - v
! ( . Female, pigs were lighter than male pigs. Crossbred pigs were R

heavier than the purebred Landrace offspring. This indicates a clear super-
Y
iority of crossbred pigs over purebreds. There was no superiority of the

Hampshire~-Durcc progeny (three-breed cross) over those of the Hampshire or

; Duroc (two-breed cross) boags. Piglets of treaﬁed sows weighed only slightly
“ less than those ffom control sdws. N

% ! Smith et al. (1973) reported that total litter weight at weaning

4

4

was greater in crossbred than in purebred litters, but no significant breed

+

: . difference in mean piglet body weight was present. Smith and Lishman (1974)

observed that breed of sire did not affect litter size or total litter weighé

at weaning.

'

However, O'Ferrall et al. (1968) found an advantage of 6 kg for

"crossbred litters over purebred, and crossbred pigs were 0.3 kg heavier than

T o e g ST TR

purebreds at 21 days of age. Lush et al. (1939) reported a crossbred advan-

tage of 10.77 in weight at weaning. King and Thorpe (1973) observed decreased

L individual weaning weights for progeny of crossbred sires.

¥

. , 3
Since heterotic effects decrease as an animal ages (Fredeeh, 1957),

it may be expected that individual piglet weight and total litter weight will

7
vary greatly depending on the cross used tg/proéufé/ihe piglets. R
/// )
R F;fty—gix day/yg;ghtfﬁaé affected significantly (P < 0.01) only

by litter within treatment.effect. Sex, breed, sire within breed, and tr -

-

ment effects were not significant.

|
o Female pigs were lighter than male pigs, and the Hampshire-Duroc

'”

of%spring were the lightest pigd at 56 days. Piglets from treated sows still

o !
welghed %ess than those of control sows. -

‘:} . ' 0'Ferrall et al. (1968) reported an increase* litter veigﬁt of ;
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crossbred litters at 56 days of 23.8 kg, and individual crossbred pig

advantage of 1.5 kg over inbred pigs. ILush et al. (1939), utilizing double-

mating, stated that crossbreds in the post-weaning period gained over their

purebred littermates by 6.5%, and required 8.5% less feed per unit gain.

\

Breed of sire produced a significant effect on birth and 2l-day

weight. \Thig?iis most likely due to the action of heterosis which resulted
‘from crossbreeding. The heterotic effect produced by the Landrace,g X
Hampshire-Duroc d" was greatest, since this cross produﬁed the heaviest pigs

7
at birth, although the Landrace $ x Duroc o cross produced the heaviest

pigs at 21 days. |

As heterotic effects are generally only expressed early i;
life, and decrease as the animal devslops (Fredeen, 1957), it appears
thaé thgﬁsuperiority of the boars themselves begins to be expressed as
their progeny age. Indeed, the Duroc boars' offspring were also the
heaviest .at 56 days (when hetérosis 1g likely less important), and the -
Hampshire-Duroc progeny were the liéhtest.

Treatment (induction of parturition) had a significant effect
on birth weight. It is evident that intrauterine growth continues until
parturition, and that considerable weiéht/gains age made by the piglets
during the last few days of gestqtion./ The treatment effeet did not
persist at wean}ng, ihdicatiné that induced piglets gain as rapidly as
non~induced piglets from birth toaweaning. ‘

Litter within treatment effect was significant at birth,

21 days, and §6 days. This effect encompasses parity of the dam and
non-measurable maternal factors su;h as milk—yie}d and Wmmthering-apility"'

of the sow. \ i
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5 Since this effect was present up to 56 days of age, it is apparent that
(T f maternal factors are important in the sﬁbsequent development of her offspring,
even after they have left the sow.
The later growth and carcass traits which were studied were per
cent carcass yield, carcass index, backfat depth, days to market, avefage daily ?
: gain (birth to market), average daily gain (21 days to market), and average ,§

: daily gain (56 days to market). |

: Analysis of variance tables for the above characteristics are

A

in Appendix Table F. Least squares estimates with their standard errors are

y

in Table 13. J L e f

!
-
i

LA CIR P

Per cent carcass yield was calculated by dividing carcass weight

X

R I St S
|
\
|
At

. |
by final weight and multiplying by 100. A significant (P < 0.05) effect of sex j

of pig was found for carcass yield, while breed and sire within breed effects

were not significant. Carcasses from female pigs procuced greater yields than

A e e

] 'l those from male pigs. The Hampshire-Duroc progeny had the greatest carcass
yields. o v ‘
Smith et al. (1973) found that the progeny, of Haﬁpshiré boars and

Large White 'sows had higher carcass yields than purebred Large White progeny,

#

even though the crossbred carcasses were shorter. In the present*ﬁ%udy,

B3

carcass length wvas not measured, since the overall carcass index did not in- %

i

& clude this characteristic. é;

) Smith and Lishman (1974) reportedlhigher carcass yigldé (3%) and ?

] shorter carcasses (37) in the progeny of Piétgﬁin—ﬂamp;hire boars on L;rge ;
- g

S

'

. White females when compared with purebred Large Yhipe progeny.

Carcass index was very highly‘signiff&bntly (P < 0.005) affected

Ve

14
¢

. only by sex of pig, with females being superior. The carcass index is based

(ﬁ g on backfat depth and carcassf%eight. Although breed differences were not . A

/
[ , v
v

m,.
e




Table 13: Least Squares Estimates of the Effects of Sex, Breed of Sire,

And Sire on Late Growth and Market Performance

o

i Ca Ind. Backfat Depth Days to Market Birth to Market Wean to Market 56 Days to Market
% Yield rcass Index ac ;n ep 1 AD.C. (kp/day) A.D.G. (kg/day) A.D.G. (kg/day)
Sex ' - ’
Fenale 0.48020.N95 = 1.489:0.113 ,-3.749t0.gb 9.52443.657 -0.03010.002 ~0.037£0.002 -0.057£0.003
- Male 0 0 0 Q 0 o} 0 . |
- !
Breed of Sire
Landrace -0.7800.162 -0.516:0.192 0.538£0.160 3.68621.102 -0.01620.003 -0.01920.004 -0.029:0.005
Hompshire ~0.930%0.327 . 0.281%0.389 -1.302%0.324 - 3.427%2.216 0.008¢0.007 0.00940.008 0.011:0.011
Duroc -1.01820.299 0.008%0.356 -0.112%0.297 -~ 0.10022.073 0.004:0.006 0.002320.007 0.002:0.010
Haopshire~Duroc 0 0 0 0 1] (¢ 0 ’
. ) »
Siie - .
267-C w? | -0.088£0.562 -1.35740.668 1.081¢0.571 5.550¢3.976 -0.029:0.012 -0.037+0.014 -0.05410.019
2749~C (L) 0.07620.722 -0.593:0.857 ~0.78120.714 - 2.500¢5.082 -0.003¢0.015 -~0.006¢0.018 -0.00910.024
1043-D (L) -0.191%0.419 ~0.52220.498 -0.24820.415 s 13.78622.935 ~0.052:0.009 ~0.06540.010 -0.092:0.014 |
149-E (L) 0.129$0.438 -0.48320.520 ~0.802:0.434 10.989£2.949 ~0.039:0.010 -0.05020.011 -0.0720.014 !
1560X-E (L) 0 14320.527 -2.117#0.626 3.87220.521 5.596£3.367 ~0.02220.012 -0.03220.012 -0.04020.016
1-F (1) 0.10820.575 0.043+0.683 0.3i65£0,571 1.906:4.073 -0.01620.01’2 ~0.023%0.015 =-0.035*0.019 i
136-F (H) -1.32920.906 -0.25421.077 ~3.24420.899 5.61826.396 -0.034:0.019 0.04120.023 ~0.04620.030 ~
547-F 1) 0.182%0.695 -0.38920.826 -0.46620.691 ~-0.885:4.380 © 0.006:0.013 0.00220.016 0.00420.021
71-E (D) -0.081%0,592 0.3530.704 ~2.599%0.586 - 6,73424.169 ~-0.025#0.012 ~0.036%0.015 ~0.057%0.020
54-F m ~0.686%0.615 -1.185%0.731 0.130%0.610 -3.237¢4.191 . 0.00420.013 0.00310.015 0.007%0.020
459-F (D) 0.172%0.735 -0.81620.873 ~0.99620.727 5.54125.200 -0.0270.016 . =0.0374.019 -0.045%0.025 ~ !
. . !
15-E (HD) 1.26140.759 -0.38520.902 .  -0.750%0.250 8.54925,361 -0.03410.016 =0.04310.019 =0.052 10,026 .
16-E (HD) 0.92420.494 -0.32710.587 -0.712:0.490 6.85423.234 -0.02610.010 -~0.03610.012 -0.04810.015 !
2702-F (D) 0. 0 o 0 o o 0 .
¢ (liveweight) - 0.558:0.108 0.53610.234
Y- Landrace, # = Hampshire, D = Duroc, HD = Hampshire-Duroc
&
’ . -
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+ significant, the crossbred progeny were suPerior to the Landrace.

Backfat depth was measured at the shoulder and loin, and the two
values added and adjusted for live weight. A very highly significant effect
of sex again favoured the females. Breed and sire within breed effects were

A v

not significant. However, the Hampshire progeny were superior to the other

¢

LA

crosses, and all crosses were superior to the purebred Landrace.
’ Louca and Robison (1967) found that gilts deposited leds fat than
. »
barrows to 154 days. Smith et al. (1973) found that Hampshire-Large White \
carcaslses were not significantly leaner than purebred Large White carcasses.
Lishman et al. (1975) reported significant differences in the fat depth over
the 'eye muscle' favouring the progeny of Hampshire-cross boars.

Y Days tlo market (adjusted for live-weight) was highly significantly
altered by sex olf pig and bre?d of sire. Gllts lagged seriously behind
barr\ovs in age to marketlby 9.5240.657 days. Since gilts deposit less fat
than barrows (Louca and Robi\son, 1967) » they take longer to 'finish' and to
reach market weight.

The Hampshire progen‘y were superior to the other crosses, reach-
ing market weight 3.42‘7i2.216 days séoner than the Hampshire-Durxoc offspr.ing,
and o;ler seven days sooner than the Landrace.

Average daily gain (A.D.G.) from birth, 'weanoing, and 56 days, to
slaughter, was examined. '

A.D.G. to"market was ver}; highly significantly afufected (P < 0.005)
by sex of pig and breed of sire, and signific'antly affected (P < O.QS) by sire
within breed. Male pigs-.gained more per day than female pigs.

Landrace pigs were, again, the poﬁ;est perfo)rmerrs during the per-
iodg of birth, 21 days, and 56 days to market.- The Hampshire progeny were

4

+

5
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superior in all three phases. No heterosis appeared to be present for growth

to market weight since the Hampshire-Duroc offspring consistently failed te
attain growth rates‘superior to the average of the parental breeds, and were,

in fact, inferior to both the Hampshire amd Duroc progeny.

»

l * The effect of sire within breed becomes significant as the pigs

A

age. Since Hefé&asis decreases as an animal grows older (Fredeen, 1957), the

superiority or inferiority of the individual boars becomes apparent. .

Breed of sire was found to have a significant effect on growth at

t

all stages (exc$pting 56 days), but no significant effect on carcass character-~

istics. It is f;kely that this is a clear indication of the presence of a |

heterotic efféct -for growth, which is not présent for carcass chafacg;ristics.

bt B . S - . et . -
ot Rt o A SRR WS AL

’ On the whole, in the early stages of growth, the Hampshire-Duroc

’ ,progeny were superior to the Hampshires' and Durocs' only for birth weight, and

B amongst carcess traits, only for carcass yleld. The greater birth weight of

,,
- ;
L

the Hampshire-Duroc progeny over the Hampshire and Duroc progeny is very prob-

- -
q ably due to a heterotic effect, since, not only do the HampshirefDu;oe progeny
¢ txceed the avé%de of the parental breeds but they are superior to that of the
) .
best parental breed, the Hampshires. 1 )
i ‘ The superiority of the Hampshire-Durocs for carcass yield is most

likely not due to heterosis but rather to this cross being a combination of

breeds which combine well hith the Landrace to produce high carcass yields.

In general, the crossbred boars performed well, although-they were

not super;or‘to thelr parental breeds for most traits.
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. VII. SUMMARY AND CONCLUSIONS :

The purpose of this study was the evaluation of Hampshire-Duroc "

- ) \ : s 5
boars for reproductive and productive performance in comparison with Landrace, .f
Hampshirée, and Dutoc boars. The effects of breed, sire within breed, and |
induction of parturition were studied in 92 double-mated littefs representing 4%

~
/

529 pigs. The data were analyzed by least-squares and non-parametric methods,

Zact

as was semen data on the 14 sires used. Paternity identification of piglets

T :-‘.“ ‘;‘ﬁ 2 .:i’k.‘ ’1

was ‘determined by bloodtyping.

Breed of sire effects were significant for birth weight, 2l-day %
weight,/days to marke;, and average daily gain (birth, 21 days, and 56 days §
to markgt), and number of progeny sired in each litter. Induction of pérturi- * %

3
n had a significant effect on birth weight only. Breed of sire and sire 3
3

within breed &ifferences were significant for semen volume.

Hampshire-Duroc progeny were superior to all other breeds for
birth weight, but they decreased in superiority as the piglets aged, and were
exceeded by all the other breeds at 56 days. The crossbreds' piés had thé
greatest carcasslyields, ﬂdt ranked third behind the Hampshires and Durocs for

carcass index, backfat depth, days to market, and average daily gain to market

(from birth, 21 days, and 56 days). The‘Hampsﬁire—Durocs were superior to the

e

' Landrace, for these traits. %
. ) ¥,
Hampshire-Duroc boars exceeded all other breeds for semen volume g
. ) T / *
and were superior to the Landrace for live-dead rate of the sperm, to the W
‘ - - 3

Hampshires for sperm motility and ov;fall score, and\to the Durocs for sperm i
\ ' .

concentration and morphology. The crossbred boars appeared to be superior to
the Landrace for aIl'characteristics except live-~dead rate of the sperm.
. The Landrace boars were dominated by the other breeds in the

~
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- (’ double~matings, in that more crossbred than Landrace progeny were gired in

% . the double-mated &itters. No significant differences were found between the

% conception rateé of the sows bred to each’ boar.

% Sex ratio and per cent survival to weaning of the double-mated

'i litters were not significantly affected by breed or sire within breed.
rfi”" )
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Highly significant correlations were determined between the rankings for

dominance and sex ratio, and dominance and sperm quality.

Hampshire-Duroc crossbred boars present advantages to the swine
~ '

producer for several traits. They produced pigs which exhibiéed heterogis for

\ i

birth weight. Also, they had superior. carcass ylelds in comparison with the

other breeds, which indicated a higher meat to waste ratiq. However, for
othér important growth and carcass traits the Hampshire-Duroc ‘progeny lagged
behing the Duroc, and especially the Hampshirg offspring. ¥The Hampshire-Duroc
(”} boars appear to offer an advantage over puregred pilgs, but cannot compéte with
the two-way crosses of Landrace x Duroc and Landrace x Hampshire. Naturally,
the merits of entire breeds cannot/be determined on the results of a single

. study, but these findings offer some indications as to the value of Hampshire-

Duroc boars. . ’
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. Appendix Table A: Analysis of Variance for Semen Volume, Concentration (106(m1),
- ) | And Concentration, Motility, Morphology, .
) Live~Dead Rate, and Total Scores

i

.- Mean Squares

Conc. | Conc. Motilicy Morphology Live—bead . Total
“Source d.f. Volume (106/m1).. Score Score Score Rate. Score Score 3
Breed of Sire 3 30.803%%  12.649 0.493  0.72L  0.171 0038 0.131
Sire/Breed 10— 12.934%%* 21.7§o 1.512 0.170 0.140 0.041 0.221  ~
Age 1 0.327 17.536 0.605  0.229 0.252 0.014 - 0.043 °
C 1 0.001 27.094 1.428 0.183 0.171 0.009 0.090
Residual 24 3.837 10. 559 ‘ 6.79’% 0.226 ~0.091 0.317 0.122

" **P < 0.01 _ -
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: - Appendix Table B: Raw Means of Reproductive Data |
. . 3
7 :
No. of Pigs No. of Pigs No. of Pigs No. of Pigs No. Pigs/Litter Survival Sex Ratio _ — 3
b at Birth at Weaning at 56 Days at Market at Birth" Birth to €Z) 4
- ) ) ~ \ " Wean (%) i
e -_ % | : N . 3
Sex ) \
Female 409 390 384 325 |\ - - - 1
" Male 421 - 375 357 204 - - . -
Breed of Sir’e »
Landrace 291 280 274 192 3.16 96.83 42.38
Hampshire 165 . 144 134 89 6.11 91.93 58.98 .
.Duroc 7. 185 169 167 124 5.97 94,85 47.61
Hampshire~Durag 189 172 166 124 5.56 93.59 53.42
* Sire ’ * h ’
267-¢c  (L)? 47 46 45 31 2.76 97.22 < 52.74
2749-C (L) 27 23 22 14 1.59 90.74 24.07
1043-D (L) =77 . 76 76 55 3.67 99.38 42.34
_149-E -, (L) ‘82 77 76 -~ 57 3.28 95.42 47.84
1500X-E (L) © 58 58 ' 55 35 4.83 100.00 35.17
1-F (H) 43 43 43 31 4.30 100.00 47.03
136-F (H) ~ 88 - .- 67 57 32 ‘8.80 76.70 67.33
547-F (H) 34 34 34 26 4.86 100.00 65.31
’ 71-E o) - 48 37 37 26 4.80 90.83 46.17
54-F (D) 70 70 . 68 56 6.36 100.00 47.23
459-F {D) 67 62 62 42 6.70 93.60 49.62
aL = Landrace, H = Hampshire, D = Duror}/
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Appendix Table B (Cont'd)i:, Raw Means of' Reproductive Dita
- ! No. of Pigs No. of Pigs No. of Pigs No. of Pigse No. Pigs/Litter Survival Sex Ratio
at Birth at Weaning  at 56 Days at Market at Birth Birth to (Z)
- 3 ] \ ] ) Wean (%)
* Sire. ) ~ . '
15-E (HD)a 62 60 . 60 _ 49 7.75 96.65 54.97
16-E (HD) . 62 59 58 48 4.43 95.13 51.75
- 2702-F (HD) .65 | 53 .48 27 5.42 89.76 54.33
. I - - -
Treatment
| Not Induced . 612 .1 ! 557 534 - 4.78 94.52 48.37
: Induced 8- 2358 ' 208 . 207 - 3.89. 96.13 48.23
— | v
} % = Hampshite-Duroc .
;F q{x - - -
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Appendix Table C: Analysis of Variance for Sex Ratio %
. ° And Per Cent Survival ] H
(Birth to Weaning) | ~ §
3 i ﬁ
) Voo v . é
" - Mean Squares x / :
Source- .0 . d.f. Sex Ratio ‘% _Survival ! 1
‘ o ‘Breed of Sire 3 0.1113 0.068 ;
Sire/Breed , 1q.. 0.0943  0.081
G Treatment 0.0002 " 0.050 . ‘
- .
3 Residual 56 0.0920 . 0.045
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s Appendix Table D: Raw Means of Productive Data .
" . - . Birch 21-Day 56-Day Days To  Carcass Backfat Cargass  A.D.G. (kg) A.D.G. (kg) A.D.G. (kg)
X . “Heiggt {kg) NWeight (kg) Weight (kp) Market Yield () Depth (um) Index Birth-Market Wean-Market 56 Days—Market
X . Sex of Pig ' .
- T Female T 143 4.76 15.40  168.79  77.33 .  70.56 ' 102.28 0.50 0.55 0.62
o Male 1.45 4.89 15.38 160.80 76.86 73.81 100.86 0.52- 0.58 0.67
Breed of Sire - s . ° “4 \ )
X Landrace . L.z 4.70 [1s.19 170.05 - 77.04 72.47 101.41 0.49 0.54 e 0.61
L - Hampshire 1.47 .5.09 o1 16.77 159.47 76.90 70.18 - 102.33 0.53 _ 0.59 0.67
- _ —'Dutae 1.42 4.72 15.84 160.98 77.49 2.7y 101.89 0.53 0.58 0.68
1 . Hampshire-Duroc 1.46 . 4.91 14,17 167.74 77.30 71.02 - 101.85 0.50 0.54 0.63
Sire ”
~ _— % Q
a . 267-C L 1.5 4,52 15.26 169.63 77.00 74.32 100.87 0.49 0.54 0.62
L - 2749-C 1.35 4.38 14.26 165.79 77.22 73.82 101.14 0.50 0.56 0.64
b R 1043-D 1.46 4.85 14.92 167.82 76.55 71.17 101.58 0.49 0.54 0.62
- 149-B - 1.42 4.90 16.08 169.73 77.30 71.79 101.60 0.49 " 0.54 0.61
|- e n . 1500x~E 1.32 4.51 ’ 14.67 175.02° 77.35 73.45 101.40 0.48 0.53 0.60 .
. > e 5 ) 1.65 5.50 17.57 159.39 76.61 69.08 102.35 0.52 0.57 0.65
136-F 1.40 4.89 ;16,22 163.63 77.09 69.69 102.78 0.52 . 0.58 0.66
e i ¢ 547-F - 1.83 4.97 ! 16.68 154.82 77.01 72.10 101.73 0.55 =~ 0.61 0.7}
e 71-E 1.35 ' 4.91 / 16.20 165.41 77.00 - 68.87 102.62 0.51 0.56 0.63
54-F . 1.42 4.77 i 16.38 155.73 77.40 73.87 101,32 0.54 0.61 0.71
459~F e 1.46 &, 4,56 - i 15.02 165.30 77.92 73.54 101.60 0.52 0.57 0.66 -
- . | . )
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} ' . Appendix Table D {Cont'd): Raw Pleans of Productive Data .
; . ~ ' .
F : ‘ :
o 0 Birth 21-Day 56~Day Days To / Carcass Backfat Carcaus{ A.D.G. (kg) A.D.G. (kg) A.D.G. (kg)
4 N Weight Weight (kg) Weight igk;} Market Yield (2) Depth (mm) Index Birth-Market - Wean-Market 56 Days-Market
l: - ¥ | I. -
: . S
H Sire » 3 . R
oy f . * i
;- 15-E 1.48 4.55 14.64 ' 166.06 76.79 70.60 101.51 0.50 0.55 « 0.64
. - 16~E * 1.60 5.59 14.65 171.49 »78.20 72.93 101.75 0.49 0.53 0.61
: 2702-F 1.31 4,56 12.99 163.70 _76.61 68.40 102.63 0.51 0.56 0.66
) ' Treatment - .
! ! .
Not Induced 1.46 4.79 15.33 - - - - - - - -
. ' Induced 1.39 , 4.93 15.55 " - \ - - - - - -
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v Appendix Talhle E: Analysis of Vari§nce1for Birth Weight, (o
' ¢ Weaning Weight, and 56-Day Weight g
| t, Mean Squares g .

oy

Source/ d.f. . Birth Weight Weaning»Weigﬁt * 56-Day Weight
¢ ' ! i ‘ » 1 ’ 1 “
Sex 1 | 0.313% i/ 3,312 . ° - 5.123
e } i . 364!" ! °
: Breed .3 0.230%F 2.589% , 12,510
Sire/Breed 10 0.055. " 0.793 3.631.
P Treatment . 1 , L5290 T .0.027 13.599
: Litter/Treatfient 90 0.355%% 4.528%% ¢ 33.828%%
" yBResidpal Y . (724) _ 0.058 (659) 0.870 (635) 6.634
—7 = - ‘
( - R .
42 <0.08; **p <001 ’ ) v
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Appendix Table F: Analysis of Variance for Per Cent Carcass Yield, Carcass Iﬁdex,
. . . Backfat Depth, Days to Market, and Average Daily Gain to Market
' ’ ‘ ’ (From Birth, Weaning, and 56 Days - ) - )

Il Tt - . v .

ﬂean Squares

S \ - A.D.GS
. % Carcags  Carcass Backfat Days to Birth To ' Weéning to 56 Days to ) )
Source .d.f. Yield JIndex Depth Market Market ° Market Market ’
Sex 01 22.Q§}* 212.023%*%  1346.440%** 9235, 974%%* @.089**% " 0.135%%%* 0.324%*%%
— Breed 3 6.610- 9.471 62.938 ‘ ,855L727?** 0.010%** 0.015%*% 0.031%%x - )
" Sire/Breed 10 1.967 . 3.789 N 29.066 _311.222 . 0:004* 0.005%* 0.010%* ’
- S . °
Residual 454 3.425 4.934 - 350168 175.602 .0.002 - 0.002 - 0.004
/ :L < - s " _ - ‘
P < 0.05; **P_<¥0.01; ***P < 0.005 / \\\ - - )
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