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ABSTRACT 

Peter Douglas Conlon 

COMPARISON OF CROSSBRED AND PUREBRE]j 'BOARS FOR REPRODUCTIVE PERFORMANCE 

AND PRO~ENY GROWTH AND CARCASS' MERlT 

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

ition on produc.ive 'and reproQuctive ,traits in swine were inv~~tigated using 

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

pigs) weré analyzed by least-squares 'and non-parlWletric methads, as was 
\ ~' 

~semen data from 14 sires, representing four breeds, (Landrace, Hampshire, Duroc, 

and Hampshire-Dùroe 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 tè aIl other breeds far birth weight and carcass yield, 

but r~nked behind the a~pshires and Durocs, and ahead of the Landrace, for 

carcass index, backfat depth. days t~market. and average daily gain to market • ... 

I~duction of oparturition had a significant effèct on~irth ~eight. No signif­

icant effect~ of breed of sire, sire •. or treatment were found on sex ratio or 

per cent surviva1 to weaning • 
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Peter Douglrs Conlon ~ 

COMPARAISON ENTRE LES VERRATS C~OISSE~ ET LES VERRATS DE RACE PURE 
• ,..... t' " 

~ . - - -; -
. POUR LEUR PERFORMANCE REPRODu'CTIVE, LA CROISSANCE DE LEUR PRO:... 

{ , . 
GENITURE ET LE RENpEMENT DE LEUR CARCASSE 

l' 
/ 

Les effets de la race, de l'individu à l'intérieur dei la race, 
\' 

et d~ la parturition par induction sur les traits productifs et reproductifs 

chez les porcs furent é~udiés en utilisant la technique d'évaluation à 
[r' . . 

, . 

.. 

l'intérieur d'une portée. Les données des 92 portées provenant d'accouplements 
1 

! 

doubles (529 porc~) /u.rent analysées par la méthode des moindres carrés et de
ll 

méthodes non-parqm~triques, ainsi que ïes données sur la semence de 14 

/' 
représentant 4 races (Landrace, Hampshire, Duroc, et le croisement 

Duroc). 

La race du mâle et les différences du mâle 

furent significatives 

premier ra~). 
pour le volume de semence (Hampshire-Durocs 

l 
La pràgénlture des Hampshir~-Durocs fut supérieure à toutes ~es 

au~es I~~es pour le poids à la naissance et le rende~nt pour la~arcasse, 
Z' 

mais se sont classés après les Hampshires et les Durocs, et avant les'Landrac~s. 
! . 

pour l'index de la carcasse, l'épaisseur du gras dorsal, le nombre ,de jours au 
~ 

f"" ~ 1 

m~fché; et la moyenne de gain par jour jusqu'~u march~. La parturition par 
\ 

induction a un effet significatif sur le poids à la naissance. La race du.~le, 
.' 

le mâle ou le traitement n'ont pas influencé le sexe de la portée et le pour- ' 
\ .. / 

centage de survivants au sevrage. 
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1. INTRODUCTION 

• 
• :Ii\ • 

The improvement of animal populations depends on ffnding super~r 

individuals or breeds which will upgrade the leVel of producti,on of the specifie 

pppulation. Animal breeders must experiment with hew crosses or bree~ to 

" imptove the genetie merit of thé animaIs vith which they are~working. The , 

up~rading of a population can be accomplished either by selecting superior -
animals from the populatio'n itself, or by introducing new,animals to the 

genetie pool. 1 
1 

The detee tian of superior'l animaIs. within tbe popula tion cao be 

" earried out either by performance or progeny testing. 
, . 

In performance sesting, an animal's individual merit is assessed 

by meas,:!ring a 'relevant trai t within that animal, and compélring his perfor-

\

' ,manee to that of his comtemporaries. This method or testing is often not 

useful for the evaluation of animaIs for traits whieh'are only exptessed in 

- : one sex (e. g. milk y:Le Id), or for carcass traits. whith must be measured after 

slaughter of çhe animal. 

Prb&eny testing removes the drawbacks of performance testing in 

the e~luation of _sex-limited or carcass traits. Thè progeny of one animal 
• 

are evaluated against the pr9geny Of his or ner contemporaries. Progeny testing 

can be used to study sex-li~ited traits Ce.g. milk yield of a ~ull's daughters) 

'- or qarcass traits (e.g., care~ yields of a boar' s progeny): 

-Once a superior animal is detected, he or she is used in matings 
a ~ 

within the herd or flock. and the overall value of thu specifie. trait in that 

populatibn is improved. 
'1 

If superior animaIs ate to be introduced ~o the population. they 

can be either the same as, or different from, the population breed. AnimaIs 

, 
\ 

... 

,.1 

• 

,> , 



2. 
( 

o 
of the same breed improve its genetic worth if they themselves are superior. 

'" 
, " 

The use of animaIs of a different breed is practise~ when the new breed pos-

sesses characteristics not found in the population. The co~bination of these 

• 
new characters with those of the original population should prod~ce superior 

offspring. 

In swine, much use has been made of both syste~s of upgrading -
, • -r. 1 

that is, performance and progen)' testing, and the inclusion of new strains or , , 

- . 
breË!ds in the population." The Danish ,Landrace breed has been kept pure for, 

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

ofu the l'Temier breeds ~of swine for productive and reproductive characteristics. 
() 

Many new breeds, such as'the Lacombe, and the Minnesota·No~. 1, 2, and 3 have 

been developed by th e cross ing of' st rains or breeds. 
-, 

'Th us, bo ~h selec t ion-, 

and crossing have been extremely useful in improving swine breeds ov'er the 

years. 

~ 
Recause of the polygyuous nature of swine that 'is, one male 

'" 
mates with many fetnales, it is easier to upgrade a swine herd by improving the 

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

are used than sows, even t~~ugh, genetically, e~ch is equally important in 

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

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

the form hf one or two )boars ratlier than a large number of' sows. 
1 

Therefore, the problem facing the animal breeder and the swine 
, 

producer ls how best 1:-0 upgrade the quality of the apimals in a certain popu-
"' ' 

lation. This study presents on'é possible method - the use of crossbred boars. 

The use of these boars alfows the combination of the superior 

trait!t' of two or more breeds in the hoars t;hemselves. AIso, since the boars 

are crossbred, they benefit f~om heterosis, as-will their offspring, when the 

boars are bred ta sows of a différent breed. 



,. 

( 

C 

.. 
i J 

~"""''Il~~w:.TN~~J'''''~'''''~:'!I''''"1"~."r''''''"-!,'''''''1.r-t'''''''t'~,,,,'1I.~~....,..,,.~~,'t'If';J .... i'i'ft'' i~I..-.'/iI·'''' ~:~ ~{., ~""~~~~,1""fJl,"~1 

3. 

II. REVIEW OF LITERATURE 
.,l 

_,r 

1. Heterosis<" 

• Crossbreeding has long been of economic importance to agricu1-

turll, and is-~used either to introduce new genes into the ,population or to 

take advantage Jf het~rosis. The desirab1e characteristics of severa1 breêds 

may be combined by the use of crossbreeding, but its most fmportant use is the • 
production of heterosis in the crossbr~(progeny or hybrids. 

East (1908, 1909), G.R. Shul1 (191q, 1911), and A.F. Shu11 (1912) 

put forward exp1anations of heterosis which ûtre s~ri~ed by G.R. Shu11 

(1952). East (1912) be1ieved that the 'reduced vigour of inbred members of 

natura11y cross-ferti1ized species, and the increased vigour due to 'crossing 

these species, 

heteroz~osis. 

was due 

Keeb1e 

to the same phenomenon, which he be1i~~b~ 

and Pellew (1910) analyzed data on tt stature and 

and found a greater height and vigour in the FI genera 

tian which, they postulated, was due to the convergence in the zygote ot 

.,f1owering time of peas 

dominant growth factors of more than one a11elomorphit pair. Bruce (1910) 

mathematical1y proved that fewer homozygous recessives exist at a particular 

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

without evidence, he postulated that dominance was positively related to 

fitness, and conc1uded that the cross of two pure breeds produces a mean vigour 

greater than the collective mean vigour of the parents. 

Jones (1917) raised.criticisms agai~st Keeb1e and Pel1ew's 

"dominance" theory of heterosis. If heterosis was ascribable to dominance of 

-factors, it shou1d have been possible to recombine in a homozygous condition, 

• in generations after the F2, aIl of the dominant characters in some individ-

uals and aIl of the rece~sives inJPther~. The dominant homozygotes shou1d' 

------------------------------------------------

~ .. , 
,~t 
~'; 

+, 

y::, 
,-

.~, 
rr .. , 
"I~ 

, 

f. 
, 

~1' 

.~ 

,j 
;" 

l 
" ., 
~, 

... ~~ 

1;' 
", 
i1-~ 
~ ;, 

_f'"_. 

j 



(: 

, 
~ 
t~~ 

" ., 
" , 
i'~ 

~ 
i\ 
~. 
f c .. 
f 
~ 

\ 
r 
,~ 

.. , 
C ;\ 
t , 
• 
~ 
~ C ,; 
~, 

" t 

! • 
~ 
~ 
~' 
~ 
~ 

, , 

(J' '# 

4. 

have 'equa1 vigour to the hybrids and shoui; not show a decrease in vigour when 

inbred. Howaver, nO,such indiviquals h~d been produced. Also, it was 

.; 
beliaved that, if the correct exp1anation was èominance, the F2 population 

would have an asyroetrical distribution, which did not fit with the observa-~ 
tion\ But, jones said that, if Morgan's theory of linkage were ~ken into con~ , t-.... 'i 
sideration, the improbability of obtaining cQmplete1y homozygdu$'Jtlominlnt 

individuals ànd the lack of skewness'in the F
2 

distribution cou1d be ftccounted, 

for. " 

-. 
Singleton (1943), Jones (1945), and Rendel (i953) favoured'the 

idea of heterosis from intralocular interaction, and Hull (i945), through 

research in corn, concluded that non-additive interaction between genes at 
~ 

different loci was very sma11, if present at aIl. Hull pe1ieved that inter-
, 

action between genes at ,the same locus ca~sed heterosis and he termed this 

"overdominance". However, Jinks (1955) fouud, in plants, ~vidence for the 

simultaneous presence of overdominance and non-allelic interaction. The 

likelil}ood of intra- and interlocular interaction both being invo1ved in 

heterosis cannot b~ excluded. 

Lambert (1940) defined heterosis as the superiority of the cross--bred progeny over the better parent. If ne~erit can be defined as a single 

value, this definition May be useful. but, when each trait has to be cons id­

ered separately, "the appraisal of heterosis for the individual'~ total per­

formance causes the hybrid to be expected t'o excel the performance of a co)­

posite parent which does not exist. Caroll and Roberts (1;42) described t~ 
problem. '" 

Stem (1948) differentiated "hybrid vigour" and "hybr.id dis-

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

in vigour or some other characteristic, and to negative heterosis~ where a 
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" cross results in a decrèase in comparison with both parents. 

Manwe11 and Baker (1970) state that the-detection of whether or 

not heterosis occurs in a particu1àr ëross Can be done by two different 

approaches. Firstly, mea8urement of specifie cbaracteristics may be done. ... , 

Secondly~. comparisons maY'be carried out of the observed number of heterozygotes 
\ 

in re1ation,to the riumber which would be expected in the absence of Any selec-

tive advantage (or disadvantage) to the heterozygote. 

Macher (1949), 'Lerner (1958), Falconer (1960) and others have 
, .,J., 

indicated that heterosis should be measured by combining deviations measured • 

" from the average of the means for the two parental 1ines - i.e. the mid-

parental value. Brewbaker (1964) stated: "It is conventional to regard 

heterosis ap any excess in vigour of a hybrid over the midpoint between its . 
parents". However, Herskowitz (1967) indicates a superiarity over a value 

below the midparent point. "Hybrid vigour is due to the adaptive suyeriority 

• • 
of the heterozygote over one or bath types of homozygote •... Hybrid vigour or 

heterosis, i8 the condition in which'the heterozygote is superior to one 

h,.omozygote or both". 

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

heterosis which have been s~ggested in the-past: 

1. 'The dominance theory'. This theo y considers that the hybrid com­.. 
bines suitable dominance of genes both parents. If this theory 

0, 

ix heterosis by a combina-f were correct it should be quite ~impte to 

tion of crossing, followed by se{~~tion. ThiS~ not the .,case since 

heterosis is reduced rapidly in successive generations of decendants 

fro~ the FI crossbred. 

2. 'Inbreeding depression as the opposite of (positive) heterosis'. 
, C:, The crossing of different inbred lines reverses 1nbreeding depression. 

1 



, 

3. 

6. 

Lerner <+958). Falconer <J60) ",nd otbers have ~q"':ted hetorosls 

with the reverse of inbre~~g depression. Therefore, ~he main point 

of the theory is tbat heterozygosity per ~ rather than dominance 

is involved. However. Sentz, Robinson, and Comstock (1954) found 

tha~ in hybrid maize a marked decline in yield occurs as hetero-

zygosity decreases from 100% to 75%, but no further decline occurs 

until the heterozygosity is below 2S%. 

'Overdominance' • The term 'overdominance' and single gene heterosis 

have been used to describe the condition where a heterozygote at a 

particular locus is superior ta bath homozygotes. Overdominance 

~t severa1 different loci then add up to produce positive heterosis. 

4. 'Epista~is'. The influence of one genette loeus on the expression of 

another is known as epistasis and has been given as a theory for 
6 

heterosis. 
, 

5. 'Complementation'. An excellent example of complementation is 

heterokaryon formation in fungi. When .two strains, each of which is 

deficient in a different enzyme needed in a metabolic pathway, combine 

sa that each cell contafns nuc1ei from both strains, the metabolic 
1 

pathway i8 restored with eâch strain co~plementing the deficiency of 

the other. 

Xhe meehanism of complementation provides a possible explanation 

for heterosis and links'genotype to phenotype with a number of different 

molecular mechanisms, involving fundamentally complementation of proteins or 

their subunits, forming explanations for overdominance, epistasis and heterosls • 
. 

Childers and Bennett (1961), and Chi1ders (1967) have sh~wn ~ 
" 

gene-environment interaction on heterosis in hybrid sunfish. It is clear that 

many cases of heterosis are ouly expressed in certain environments. 

'1-

~. 

, 
• " 
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, ' lt appéars that heterosis is greatest for traits expressed early 

in lite and beeomes less important as the animal deve10ps ~redeen, 1957). 

In crossbred animaIs there is an inereased rate of pre-weaning growth pnd 

greater viability, but, beyond the age of weaning, there is litt1~ to show that 

.crossbreds survive better than their purebred eontemporaries. In swine, hybrids 

produce only 1Ilodest inereases in average daily gain and 'feed efficiency, and 

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

and MacEwan (1936), Hutton and Russell (1939), Whatley ~ al. (1955), and 

Craft (1953) have shown' a crossbred advantage in carcass qua1ity which may 

have been due to specifie cross eombinations rather than heterosis~ 

Diekerson (1952) postulated that overdominance ~y be the most 

important factor in viability traits and litter size, and simple dominance 

with epistasis may p,roduce the heterotie effects found .post-w~a?ing traits. 

Lerner (1954) fo~nd greater stabi1ity towards environmental variables in 

" -
hybrids, which could raise crossbred performance above the pijrebred leve~ for 

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

stated that this effect is probabiy ,re1ajed ta developmental physio1ogy. 

Certain breed crosses seem to s ow greater heterosis than athers.' 

Genetie diversity of the breed~ (Sierk a ~inters, 1951) and the relative 

degree of hamozygosity of the different breeds (England and Winters, 1953) are 

possible causes. To uti1ize the heterotic effects obtained in characteristics 

such as fertil~ty, vigour, and health, crossbreeding pragrams have been 

developed (King, 1971). How ta utilize heterotic effects was discussed by 

'" Bra1ford et. al. (1958). and Hetzer ~ al. (1961). A survey of the literature 

was given hy Fredeen (1958). 

skirman (1965) reported on extensive 2-breed cr.ossing experimènts 
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.involving the $wedish Landrace and Swedish Yorkshire. Bichard and Smith (1972) 

gave a survey of erossbreeding .and genetie improvement. 
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. 2. Crossbreeding 

Crossbreeding can be defined as outbreeding relative ta a species, 

a process which tends to produce Heterozygosity in the species. Within pure - . 
breeds F slow but measurable amount of inbreeding occurs. When breeds are 
( .. " 
croS'6le,d the ge~tic purity caused by this inbreeding is lost and heterozygosity . 
is prom~te~ at aIl loc~ for which the breeds differ. This will mainly occur 

o r w 

in the rirst generation'of crossbreeding, and following gen~rations of crossing 
" --

may only maintain th~ 1evel of heterozygosity reached initially. ~ 

~ " . 
.• Fr~deen (1957) gave two main advantages resulting from crossbreed-

~ - , ~ . - . 
-~ , 

ing - the introd~~tion of new genetic variability into an existing gene pool, 

utilization of heterosis. 

crif: (1958), reviewing 

, , 

fifty years of progress i~iswine breeding, 

reported that little meaningful research in crossbreeding swine had been 

carried out before 1920. He indicated th~t early trials were with small 

numbers of animaIs ~nd were of poor design. Only afte7/l920 were large . \ 

enough trials carried out ta indicate the superiority' of crossbreds for cet-

t~in traits. 

During a ten year study of British show records, Hammond (1922) 
( 

compared twelve single crosses from eight British breeds with parebtal means 
/ . 

for growth. He found that, in many cases,/crossbreds were heavier than the 

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

1 
1 

crossbred for body weight. 1 -----/ 
1 

Shaw and MacE~an ~193~)/ compared six breeds and their reciprocal 
/ 

crosses for rate and economy of, gain.' When compared ta one parental breed, 

crossbreds 1 
gained more rapidly and consumed less feed. 

·Winter. et :lj'~19~) coopared the performance or backcro •• e., 

;' 

/ 
;' 

/ 

./ 



'/ 

1 

10. 

three-breed crosses, ?nd single crosses to purebreds. lt was found that three-

breed crosses generally performed best. Âlmost t~o more pigs were farrowed in , \ 

each 'litter and crossbred lit'ters averaged 96 lbs heavier: at wean:i:ng than _ did 

purebreds. 
~, 

Backcross 1itters were 63 lbs heavier at weaning, but there ~a~ 

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

litters aVèraged,one additional pig and were- 37 lbs heavier at weaning. After 

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

22 days before the purebreds. Bath thr~e-breed and single crosses reached 
W • 

, <, 

this weight 17 days before the purebreds '," 
<& 

Hutton and Russell (1939) and Lush et~; (1939) found that, in 
J ~ 

single crusses, the crossb~~s at-~rrth were intermediate in size 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 

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

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 slightl~ 

superior in feed efficiency to the parents' average by 3-4%. 
~ , ; - 1 

Simi1ar relative superiori~y of backcross and three-breed cross 

pigs ~or growth and survival was reported by Lush et al.~(1939). Theyalso 
, .... 

~he superiority of crossbred dams for ~aterna1 ability. 

Roberts and Caroll (1939) compared single crossbreds with pure-

bred Duroc-Jersey and Poland Chinas. A small,'but non-signific~nt, advantage 

~ 'of the crossbreds for rat: of gain, feed efficiency, and ~ge at ~rket was 

found. 

The Illinois Agricultural 'Experimental Station Annual Report of 

1928 questioned the importance of hybrid vigour in swine in comments on the 
\ 

----~.,._-- .~,-------_._---__ ~-____________ ~ ____ ~ __ ._~_~~ ____ ._-_._,,1. _ • 
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(, 

work of Carroll and Roberts, by1noting that there,was no crossbred advantage 

for iate of ecopomy of gain. Carroll andVRoberts (1942) in a study of over 

," ~"irI 
50,OOOoa~imals concluded tha~ heterosis cannot bê expected ln the majority of 

, " , t, 
crosses'. However, the superiority of crossbreds, especially those from cross-

bred dams l has~been established for survival ànd growth characteristics . 

. Bradford et ~ (1953) showed that litters from crossbred dams had 

a significantly lower mortality to 1~4 days than litters from straightbred 

\ dams. Gaines and Hazel (1957) investigated the merits of crossbred sows and 

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

~ for litter size at aIl agelil. 

t ~~\ 
Most crossbreeding experiments utilizing three-breed crosses ~ave ~/, 

~ invo1ved crossb,red dams. Smith and King (1964) found the Landrace x Large 

White cross or its reciprocal to have the best performance. After mating five 

different breedp to Large Whites to produce crossbred gi1ts, King (1968) fo~nd 

that the Landrace x Large White had the best reproductive performance. . . \' \ 

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

th~most productive of four types of crossbred sows whic were examined. 
.. ;l 

The Landrace x Yorkshire cross was found by Ho1tmann et al. (1975) to have'the 

earliest sexual maturity, and to farrow and t number of 6f}spring 

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

improvements in lit ter size, 'litter weight. and piglet weight ~t birth, 3 ~eeks, . . 
and 8 weeks in 1itters from Large White ~}pnish Landrace sows ~rossed wit'h "­

r----. 
Danish Landrace, Swedish Landrace. ~r LargeaWhite poars. 

The crossbrecÎ sow provides :a more' suitable intra-uterine environ-
1/ 

ment for the fetuses, which resu1ts in 1arger 1itters, and general1y She has 

increased mi1k production. 

'J 

, 
,; 
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Hazel ('1963) presented the following summary of the merits of 
-

\thrre mating systems -, pureb~ed,'sing1e croés and three-br~ed cross relative 

to survival and growth ~rait8. The'size and weight figures are given in 
, \ 

terms of 100 pe~ cent for purebreds. 

, . 
Table 1: Mating System Summary 

Characteristic Pure-Bred Single Cross 3-Breeà Cross 

ai: 
.. 

Litter size birth ,~ct 101 111 

Litter sizé at 8 wks. 100 107 125 

Pig weight at 8 wh:s. 100 108 110 / . 
\ 

1 

Pig weight at 154 days 100 114 ll3 ; 

Pork produéed per litt~r 100 122 141 
\ ( 
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,. 
3. Crossbred Boars 

Althougn the literature on the use of crossbred boars is' ~ot exten-

sive, severa1 authors have conducted experiments ta eva1uate the hybrid's vaIne 

as a sire. 

King (1975)' stated 'that, sinee. the.pre,senee of hybr:l.d vigour in an 

animal ls genera1ly expressed in characters associated with the overall "fit-, 

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

to the difficulty of measuring male reproductive performance. In'the boar, 

the characters which might be studied ~re earliness af sexual maturity, libido, 

num6er of female~ that can be suceessfully mated, length of breeding life, 
f • 

and numbers of viable offspring produced. Also, it would be relevant ta evalu­
• 

ate semen production and characteristics. 

The contrast between inbred and crossbred boars can be extrapo­
.." 

lated ta provide an estimate of the differences between purebred and crossbred 
• 

boars, which indicates that crossbreeding increases the rate of growth of the 

testes, inereases the ear1iness of sexua1 maturity and increases sperm pro-

duetion (King, 1975). 

1 
Crossbred boars could provide a means of increasing the numbers 

of genetica11y good sires from a given number of tested purebred stock with 

l'itt1e extra cast, and c:1oü1d also be an economic method of using exotic ,breeds 

when they are superior to native breeds in some traits (King,. 1975) . . 
There is some evidence that crossbred sires produce an increase 

in 1itter size. King (1975) reported a significant lncrease in litter size of , 

1itters sired by Pietrain-Hampshire boars in comparison to Large Whites o.r 

Landrace when mated to a variety of crossb~ed fema1es. This advantage of 
, 

lit ter size persisted to weaning. The explanation of l this phenomenon may be 

a reductio~ in embry,qnic mortality due ta' heterosis in the embryos • 

.. 

•••••••• __ • ________ .. ____________ .. _______ 1IIiIi1llill_1IIIIII_ .. _~'~4~} .. ~.' 
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In studies of the progeny of crossôred b08!S, it has been found 

'that their average performance reflects quite closely tha1 to be expected from 

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

'ing (1975) observed that the variability in performance of the , 
~~--' 

<, ... ('~'o.ffspring of crossbred boars should also be examined. A suspected increase 

. ' 

~'4:-' , , 
1 ~. , 
::...rn variability of these progeny has 

use of these boars. This increased 

been used as a strong ar~ent against, the 

variability i~ only ta b~ e~pected ir ' 

a small number of gene pairs such as \oat characters which are determinéd by 
h~" 

colour or ear carriage, but not to characters such as growth rate and fatn2ss . 

AlI 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 

the choice of breeds and. the cast of producing the boars. 
' .. Ideally, one should 

.p 

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, 

efficie~cr of food conversion, and carcass characteristics has to be maintai~ed 

itomay be diffic~lt to choose two additional breeds. Spe~ific requirements 

in the carcass, such as minimum length. ~ay preclude'the use of certain breeds. 

It may be difficult to produce crossbred boars in commercial 

\ 
numbers sinee it entallS the keeping of two purebreds ta b~ used in the eross-

ing. Thes\e two breeds must .be se1eeted intensively to ensure a competitive 
, 

performance level in their'è~ossbred offspring. 

In crosses utilizing Minnesota No. 1,< Minnesota No. 2,'and 

MiI\nesota No. 3, Itpurebrell" boars and a combinat:J.on of these breeds as hy)f1d 

.. boars on Minnesotà No. l spws, Remple et al. (1964) found that the progeny of 
'. ' ,---

p~rebred sires were superior for hackfat thickness and daily gain. The authors 

explained the superiority of the purebred sires by indicatini'~reatèr selection 

1 l1li _____________________ • ____________________ ._ .. ___ --".,---
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was practiced for this trait in these hoars. The difference in backfat 

thickness was not entirely explained. It was found tqat the varia~ces of pro-
. 

geny performance were similar for purehred and crossbred 'sires, wnich was 

concluded to mean th~t the use of crossbred sires in systematic erossing systems 

need not result in increased variation among the progeny. Rempel stated that, 
~ 

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. 

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

weight gain, carcass charaèteristics and some aspects of meat. quality in 

trials with crosses of the Landrace, 

breeds. Land!ace, La~e White x Landrace-Pietrain, Large 

Landcace, Hampshire-Pietrain x Landrace, and Hampshire-Pietrain x Large White, 
\ 

pigs were compared tD 91 kg live weight. It was found that aIl crossbred· 

types provided b~tter economy of production than Landrace when assessed by live-

weight gain and feed consumption per unit'weight gain. Crossbred carcasses had 

larger quantities~f lean meat than, and similar amount of rind, bone, and fat 

~ to Landrace at comparable weights, but they showeg a variable tendency to 

poorer m~at quality. Hampshire-Pi~train x Large White and Hampshire-Pietrain x 

Landrace carcasses at 91 kg were'much shorter than Landraee; 34% and 38% 

respectiyely were 1ess than the given acceptable bacon length of 775 mm. 
/ \ ' 

Sellier (1973) found no significant differences for ADG, careass 

length, backfat thickness or three meat quality parameters in the progeny of 

Blanc de l'Ouest-?ietrain and Pietrain boars, although differences for age at 

- slaughter and chest weight,were highly s~gnifica~t (P<O.Ol), and dif~erences 

for ~ge on test and ham weight were very highly significant (P<O.OOl). 
.. , ' 

Age at slaughter favoured the pürebred Pietrain progeny as did chest.weight. 

age on test, and h~ wetgHt. 

" ~. 
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, 
King and Thorpe (1973), in an experiment uti1izing Pietrain-

Hampshire crossbred boars, studied the mean performance and variability of the 

prog~ny of these buars under two systems of feeding. The Pietrain-Hampshire 

boars were compared ~ith Large White (the majority~ and Landrace boar~. The 
.. 

gilts an~ sow~, used in the study were of a variety of crosses. Progeny were 

f~ either ad libitum or on a seale feeding plan. The Pietrain-Hampshir~ boars 

0r 
produced slightly s~ower growing progeny, having the same feed conversion'ef-

~ , 
ficiency; but their daily feed intake was lower than that of the progeny of the 

Large" Whi te boats. Carcasses of progeny of the crossbred boars were heaviei, 

a1though a11 pigs were slaughtered at ~the same weight. 
i 

The Pietrain-Hampshire 

<, 
progeny carcasses were over 3 cm shorter but had about the same shoulder fat 

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

more at the middle of the'back. 2 These carcasses had more than 4 cm greater 

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

Hampshire crossbred boar compares favourably with the Large White for the pra-
l 

duc tian of market pigs, especially if carcass length is not included in the 

grading system of the carcasses. 

Smith and Lishman (1974) a1so compared the performance of Pietrain-, 
o 

Hampshire and Large White boars. Although their data may be faulted for small 

numbers (the use of only ~ boars an~ 24 BOWS), they found that breed of sire 
, 

did-not effect litter size or tpta1 wei~ht at birth or weaning. lt was found 

.? 
that crossbred pigs grew more slowly ta slaughter by 5% but had equal effi-

ciencyof live-weight gain.~ The crossbreds had higher carcass yields (~%), 

shorter carcasses (3%), and larger eye-muscle areas (18%). -Traits not affected 

w~re fat depths, joint proportions and c~t out values. In the crossbre4s, 

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

\ o 
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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 

e~ al., (1975), They found that breeding of the ifoars did not eff~t the level 

or variability of litter performance~ Differences in performance and carcass 

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

-
rleye-~clel area and f~t depth over the l eye muscle', 'Progeny of Hampshire-

, cross boars had ~arcasses which were 2% shorter than those from white boars • . , 

.d. 

-~-
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4. bouble-Mating 
/ 

Double-mating can be considered to be the ~ost efficient sire 

evaluation system, producing ~litter consisting of progeny from two boars. 

A typical double-mating plan'was outlined by Roberts and Carroll 
Î 

(1939) as shown below. 

Table 2: Double Mating Plan 

Sows 

Duroc Jersey x 

Poland China x 

Boars 
---,.-

( Duroc Jersey 
( Poland China 

( Duroc Jersey 
( Poland ,China 

Fredeen (1957) stated that double-~ting provides comparative ftata . 
on two sires by controlling dam differences in pre- and,post-natal maternaI' 

environments. After carrying out early experiments in double-mating swine, 

-
Hays (1919) conc1uded that crossbreds were superior to purebreds for the pro-

duction of f~der hogs. Shaw and MacEwan (1936) {ound that reliable test 

results could be obtained with a small number of litters using double-matings. 

Lush ~ al. (1939) double-mated Duroc, Poland China, and York-

shires and their ~rosses ta evaluate the progeny of purebréd, single cross, 

backcross, and three-breed cross matings. They found that crossbred pigs we~e 

mo~e vigourous at birth, showed greater survival ~o weaning and gained more 

rapid1y after weaning. 

,~ . 
The determination of paternity in double-mated l1tters has been 

estab~ished through the use of colour markers. Sumption (1961) outlined the 

inheritance of cola ur patterns for six breeds, when crossed with the Duroc, 
<. 

• l'V.' 
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and Searle (1968) examined the genetic basls of coat colour in swine and other 
1 

mammals. Using sole1y co1our markers for determining sire identification has 

1imited the use of double-matings to the comparison of breeds of contrasting 

calours. However, the advent of bload-group markers for paternit~ determina-

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

Saison and Mox1ey, 1966) has removed this ~estriction and has allowed wider 

application of double-mating. 

The determination of pa ternit y is usua11y establishede on the basis 

of blaod group factor inheritance within one or more c10sed systems, which is 

one in which aIl animaIs in a population react ta one or more of the known 

antisefa f~r that system. Saison and Moxley (1966) presented a method for , , 

sire identification using thé L system as fo11owa: 

. -. ~ 

'. 

Sow 'Cenetypê 
'. 1 

Sire Identification Plan 

(L SYSTEM) 

Boar Genotype 

x 

x 

Prqgeny Phenaltype 
Each Boar 

L (a+ b-) 

L (a+ b+) 

L (a - 1>+) 

L (a+ b+) 

Fro'ln 

Paternity identification is P~SSib~ in double matings when one 

boar i8 homozl"Sous for any fé!ctor -not; found in;fhe second boar nor the sow. 

Howard (1968) stated that, on the basis of double matings using 

both colour and b100d group marker~, mating systems and sire comparlsons tan 

/ 
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be made more efficiently on a within-litter basis than on a betw~en-litter 

basis. Kennedy~ Moxley, and Saison (1974) compared double-mating, sequential-

mating"and tandom-mating to evaluate Si~èS 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 swine, such as the Minnesota No. 3 (Sumption et al., 1959). The . ---. . 
authors conc1uded that, in a random mating situation, the possibility exista 

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

" production of viable sperme 

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

duction of semen of two boars into a sow could increase the frequency of mixed 
• • 1 

, . 
1 " f litters and produce a balanced proport~on of progeny attributable to each sire. 

This is possible through the use of artificial insemination of mixed semene 

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

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

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

seÙted additional evidence for pr~tial fertilization in.natural matings 

and mixed artificial inseminations. 

Other interesting~consequences of double mating have been reported. 

Roberts and Carroll (1939) noted an average of two more pigs per litter in 

double lmatin~s com~ared to single·matings. Sokolovskaja et al. (1964) ob~erved 

higher conception rates and lower embryonic mortality with mfxed insemiqations. 

Hlebov (1965) similarly found that conception rate, embryo weight and, 1itter 
• r 

size aIl increased when mixed inseminations were used. é~ntrari1y, Sokolov~kaja 

et al. (1966) s,tated that mixed inseminations increased embryoi>surviya1 without 

increasing concep.tion rate. 

tn Yugos1avia, Cerne and Sa1ehar (1964) found that the number of 
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:> pigs born alive was s1gn1ficantly decreased when mixed insem1nati~n was used, 
1 

which cqnf11cts w1th the previous evidence. 

"~ 
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III. MATERIALS AND METRODS 

The èxperiment was designed to evaluate the productive and repro-

ductive performances of Hampshire-Duroc boars in relation to Hampshire, Duroc, 

and Landrace boars. Boars in the st~dy'were selected on the basis of their 

value as possible herd sires in overall characteristics s~ch as size, cpnforma-

tion, strength of feet and legs, and state of health. Producti~n characteris-

tics such as backfat depth, age to 200 pounds, and efficienc~ of food conver-

sion were'not of paramount importance in the selection of the boars, since it 

was desired not to bias the study by choosing extremely superior boars of one 

breed over poarer baars of another breed, based on the above three production 

\ , traits. 
. , 

In arder to\reduce maternaI influences on the progeny tests'of the 

boars, double-matililgs were carried ou~, thus producing'progény of , 
within a litter for comparison purposes. 

Fourteen sires, 118 dams ~nd 529 market pigs were 

study. AU'market pigs were farrowed from September, 1974 t,o February, 1976. 

Landrace sows of the Macdonald College breeding herd were housed 

• either in group pens or. in single stalls, while aIl boars were housed in indi-

vidual Prns. AlI were fed a commercial, pelleted ration ~f~5% protein: baars, 

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

The saws and boars used in the stu~ranged in.age from 1 to 4 years. AlI sows 

and several of the Landrace boars ~~ farrowed and raised in the Macdonald 
t." .... .......... t 

~o11ege herd, while the Duroc, Hampshire, 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, 
,-' , 
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morphology, and live-dead rate of the sperme 
"-

The sows were checked for the presence of "standing heat" every 

morning by putting pressure manually on their backs in ,the presence 'of a 
1 

boar. Sows were generally bred on the first and second days of "standing 

heat". If a sow was to be bred, s(:mIen 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 gèl fraction andLmeasured in a 

graduated cylinder., Eighty ml of se~en ~as used fr,am each boar regardless of 

variation in sperm concentration. Previous work had established that equal 

volumes of semen was as effective as equa1 Foncentrations in producing split 
1 

litters having both boars represented (Howard, 1968). The sows were bred'with 

the 160 ml of mixed semen in the morning of each day of "standing heat". 
1 

Table 4 shows the number of,sows bred to each combination of boars. 

----
-------------Table 4: Mating Dist~ibution 

Landrace Boars 
, 

l49-E 2749-C 267-C 1043-D 1500X-E Total ---
l-F (H)a 2 1 3 3 Il 
136-F (H) 0 4 6 2 \13 
547-F (H) 5 1 0 4 12 

7l-E (D)a 3 2 2 3 13 
459-F (D) 1 1 6 " 2 12 
54-F (D) 6 1 2 ' 1 13 

lS-E (HD)a -2 3 4 l 1 11 
l6-E (HD) 10 2 5 3 1 21 
2702-F (HD) 2 4 0 6 0 12 

Total 31 19 28 ' 25 15 118 

i, , 
a(H) = Hampshire ~ 

(D) - Duroc 
(HD) , - Hampshire-Duroc 

= n· 
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The sows were moved to individual,farrow!ng~rate$ 5 to 7 days 
'. 

before the'expected date of farrowing. Twenty-eight of the sows were induçed 
\ 

to farrow from 2 to'3 days early by the intramuscular injection of an analogue 
\ 

of Prostaglandin F2 a which was being used in a separate, simultaneous study 

(Downey ~~, 1976). Each Thursday morning, sows to be induced were given 

a single intramuscular injection of 50 mg AY24,65S1 as the'sodium salt. If 

far rowing appeared ta be imminent, an animal was left as a control. Sows 

were observed continuously for approximately two hours pos~-injecti~n Jor 

evidence of side-effects, and·then, occasionally, until onset of parturition. 
~ 

Identification of the sire· of each piglet was based on blood-

typing of the sows, boars and piglets or by phenotypic identification of the. 

offspring. Blood samples for typing were drawn from an ear vein of mature 

pigs, and from the anterior vena cava of yobng pigs. into an equal volYme of 

sterile Alsever's solution, and refigerated until bloodtYPing/could be 
\ 

carr~ed 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 piglets was, the N system, which is composed of 

three factors; a, h, and c. 

and form a closed system. 

The a and b factors are complementary Cha,ac~ers 

The c ~tor ls a s~bgroup of the b factor ~nd 

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

especially easily mad~ if one boar was homozygous positive for either' the .. \ 

• ~ a, b, or bc factor and the second boar and sow homozygous negatlve for the 

same factor. 

1 
Ayerst Research Laboratories, 
Montreal, Quebec 
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l~ 

Direct Agglutination (Saison, 1958), Indirect Agglutination (Coombs), 
'\ . 

as outlinetbY"Sa1~h.qaPil1ary, Capi1'1aty Papain .(Lewis ~ al., 1958), 

and Hemolyt:fc. (Stormont et al'., 1950) tests were used to type the b100d group 
'--,- 1 

systems. In combination with phenotypic methods (i'.e.' id,ent;ification of the 
1 

piglet's sire by the pig1et's qolour or appearanceY it was possib1e ta 
\ 

identify most or the pig1ets. Any" pig1et whose sire was not identified was 

discarded from rlpe study. ' \ 
\ 

Pigl~ts ~ weaned.at 3 weeks of age, housed in group pens and ~ 
\ 

\ 
fed a ration containing 18% protein ad libitum ûnti1 the y reached 23 kg or 

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

6 to 8 animaIs and fed, ad libitum, a ration Gontaining 15% proteine They 

remained in the~,e pe'ns until reaching a UlIirket weight of 80 to 90 kg. The pigs 

were s1aughtered at a commércial packing plant and the carcasses weighed, 

measured for depth of backfat and given an overall careass index by AgFfeulture 

Canada 'graders. ' 
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IV. SEMEN EVALUATION 

1. Method of Analysis 

Two or three ejaculates fram each of the five Landrace, three 

'Hampshire; three Duroc and three Hampshire-Duroc,boars in the study were 

evaluated for seven semen characteristics: volume ln ml, concentration in .. 
millions 'of sperm/ml, concentration as ore, motility· as a score, mor-

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

were assigned according ta Herfic and Self (1962). The ejaculations wére 

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

Table 5: Details of Scoring 

eoncentration 

Motility (Degree of Vigour) 

Morphology (Per Cent of Normal and 
Abnormal Sperm) 

Live-Dead Rate (Per Cent of Motile 
Sp,erm) 

Semen Score 

Top 

Top 

Top 

Top 

Top 

Score 20 
? 

Score 40 

Score 30 

Score 10 

Score 100 

;' 

Although the ratings are somewhat subjective and each individual 

technician tends to establish h~s own standards, aIL ratings were done by 

the author and wete measured as objectively as possiçle for aIL ejaculations. 

Least squares analyses to estimate the effects of breed and sire 

'within breed, and the linear and quadratic effects of age of boar at col1ec-

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

.. 
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The model used is given below: 

. 
Cl = the regression of Yijk on age st collection 

th aijk = the age at collection of the ijk ejaculate 

C2 = the regression of Yijk on 
2 age ,at colletttion 

\ 
th 2 

a ijk 'ij k ej acula te 2 = the age at collection of the 

th I? = the random error associated with'the k ejaculate 
of the jth sire within the i th breed '\1 (cr. G 2) • , 

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

1
>' ,. 
, 

<t'., ~ ,J 

1. ~ __ ~. 

'~i 
"~t. • 
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2. Results and Discussion 

Est!mates of breed and sire effects and their standard errors are 

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

Duroc cross. Sire etfects were expressed a~ deviations from crossbred boat 

2702-F. Analysis of variance tables, based on transformed data (square root) 

are in Appendix Table "A. 

No significant linear or quadratic effect of age was found. A 

significant effect (P < 0.01) of breed and sire was found for semen volume 

only. , 
Hampshire-Duroc cross boars were superior for semen volume. 

Although differences were not si~ificant, Landrace boars appeared to be 

superior for live-dead rate, Hampshir'e boars for motilit:y and overall SCilre, 

Duroc boars for concentration and morpholo'gy. Hampshire-Duroc boars appeared 

sup~rior to,the Landrace boars in aIl characteristics except live-de,d rate. 

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

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

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

of the value of their best parent breed. the HaIl\pshir\es, inq,icating a possible 

heterotic effect may be act~ng over, aIl the semen characteristics. If semen 
F 

score can be taken as an overall inciicator of the Itfertilizing ab-ility" of the 

sperm, then, in relation'ta the Landrace standard, the crassbred boars appear 

superior, althaugh the differences were nat significant. ". 

The evidence for â heterotic effect of the crossbred boars on 

semen volume is more concrete as, in this case, bteed differences were 
~ , 

significant. A negative heterotic effect may be contributing to the lack of 

--~ 
,1. 
:! 
" ;-,,~ 

~ , t 
l , 
~ 
1 
~ 
~ 
.1 
/ , 
i 

,\ 

·superiority of these boars for concentration. Semen volume ~y be negatively J 

correlated with sperm c.an~entration (Swierstx:a and Rahnefeld, 19'67). 

/ 



l ~ 

~'\ 

Table 6: Leaat Squares Eattaste. of the Effects of Breed of Sire. Sire. Age. 
, And Age2 on 5emen TraiU 

il> 

Vo1U11e (al) Conc. (106 [1IÙ) Coneentrat.1on Motllity Morpho1oIY 

Breed of Sire 

Landrace - 81. 23~ 32.269 - 71.54 t 38.543 - 2.94 ~ 1.615 -0.52 t 1.B88 - 3.50 1 1.211 
Hampshire - 86.70i 30.671 12.15 t 36.634 0.13 t 1.592 2.32 1 1. 794 - 2.79 f 1.151 
Duroc -135.151 23.680 27.87 t 28.284 0.80 t 1.229 0.20 t 1.385 - 2.99 1 0.889 
Hamp-Duroc 0 0 0 0 0 
'. 

R.e e;rès Ilions 

1.
1 

(Age in )(Pnths) n.1U 10.454 11.396t 12.486 0.708t 0.543 0.7591 0;612 O.09l:t 0.392 
&2 (Age2 in Montbe2) - 0.J48t 0.208 - 0'. 239! 0.248 - 0.016t 0.011 -D.018t 0.012 - 0.002t 0.008 

Sire 

267-C (L)· -232.4SU,22. l08 -994.58 f504.415 -58.13 t21.924 2.01 t24.m3 -13.18 i15.853 
2749-C (L) 8/ •• 10!265.106 -532.32 t316.649 -35.45 t13.763 5.50 t 15. 508 ":t. 7.45 t 9.952 
1003-D (L) -240.381327.,889 -6.21.79 t391.639 -37.1'9 t17.022 7.28 tI9.180, -13. <)1 t 12. 309 
149-E Ci .. ) - 8.10t 81:639 ,'- 9Q.34 1104.678 -13.60 t 4.550 6.75 ,t 5.127 4.01 t 3.290 
1500X-E (~) - 14.7.S1104~430 31:50 t124.734 - 1.31 t 5.422 0.43 t 6.109 - 2.2l t 3.920 

, 
1-F .. '(H) - ,21. 81)t113.405 - 69.96 t135,454 - 5.42- t ).887 3.99 t 6.634 - 6.86 :t 4.257 
136-1 (H) - 57.39:tl09.777 100.36 t131.120 0.94 t 5.699 2.60 !t 6.422 - 1.49 :t 4.121 
547-1 (H) - 78.2St,J08.328 4:;.93 t129.390 0.21 :t 5.624 1.18 t 6.337 - 1.97 :t 4.066 

7l-E -CD), _ - 62.80tl09.705 194.,2 tl31.Q34 0.91 t 5.695 0.19 t 6.417 - 4.0B t 4.118 

1 
54-' (0) - 94.86t110.080 62.35 sUI.Jil2. - 0.13 t 5.715 0.76 t 6.439 1.34 t 4.132 
.59-' (0) - 66.67t110.624 42.35 tl32.1'32 0.9.2 t S.743 • -41.72 t 6.471 - 0:13 :t 4.153 -- -

-1 
15-E ' (HD) , 11>7.4lt113.473 ,103.76,tl3S.535 - 0.85 t 5.891 -2.81 t 6.638 4.98 f 4.260 
16-E (JU).) 57.4lt1l3.413 lSO.43 tBS.S}S - 0.51 t 5.891 ~1.48 t 6.~38 4.98 t 4.260 
2702-' (RD) 0 

• 1 0 0 0 0 

8z. = Landracl!, ,H b1lP'ahire, J). _,Duroc, ND _ Halllpsbire-Duroc , 
# 

• 
r 

Live-Dead Rate 

0.78 10.264 
0.48 tO.250 

-0.10 t-Q.193 
0 

... 
-0.l3OtO.08S 

0.002tO.002 

-0.39 1 3.449 
-0.93 t2.165 
-0.24 i2.678 

1.08 tO.716 
1.59 tO.853 

0.62 tO.926 
1. 79 t.o.896 
0.21 tO.88' 

0,13 tO.896 
0.28 tO.899 
0.84 tO.903 

-0.10 tO.927 
1.57 tO.927 

0 

'" 

~ 

'" 

Score 

- 6.18 :t 2.581 
0.13 t 2.453 

- 2.47 t 1.894 
o 

1.4291 0.836 
. - Q.035t 0.017 

-69.68 t 33. 777 
-38.33 t21.204 
-44.17 t26.225 
-lS.26 t 7.010 
- 1.49 t 8.353 

- 7.66 t 9.070 
3.83 t 8.780 

- 0.31 t 8.664, 

- 2.85 t 8.774 
0.74·t 8.804 

, - 1.10 t 8.848 

1. 22 t 9.076 
4.55 t 9.076 

o 

~ 

N 
\0 
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Sires within breeds were also ranked. in comp~rison ta crossbred 

boar 27'()2-F. The large standard errors obtained for volume and c0I?-cent'ration ~ 

(in 106 sperm/ml) in 'tandrac~ boa~s 267-C. 2749-C, and 1043-D were probably 

due to variation in the frequency of collection. Semen volume and sperm con-

centra tian depend on frequency of collection. and boars which are not used 
-1 

with the same ffequency will tend ta vary in their semen volumes and sperm , 
concentrations. 

\ 
,.,1 

Regressions of semen characteristic on age in months and on 

2 age indicated that aIl seven traits exce~t live-dead score increased as age 

increased, but at a diminishing rate. NOn~e1eS8' none 0; the offects of age 

was significant. A decreased 1ive-dead rate as the boars became older may 

have been due ta infrequent collection which resulted in in vivo death of the 

.' 
~perm. 

Wilson ~ al. (19~6) in a study of Hampshire. Duroc
o
' and Hampshire­

~ 

~Duroc boars, found no significant differences between Duroc and Hampshire boars 

for testes \.7eight, testes sperm. or number of spetiD. per gnr of testes tissue. 

Howeve;. the crossbred boars' te~tes weighed 16% more than the average of the 
• 

purebreds, and had 27.8% more sperm numbers. It was concluded that, since 
.. 

the~e wa~ no difference bktween purebreds~d crosSbred) for sperm numbers per 

gm testes tissue, the inc,reased sperm n1~~s i~ the crossbred boars is a 

fOnction of heterosis fo~ testes growth and the greater testes weight of .. , 
crossbred~,.. The authors indicated tiat other research shows that testes weight 

is a good indicator of daily sperm production and total sperm output by the 

testes. The' heavier tes'tes and more testes sperm found in the crossbred boars 
, 

at 7.5 months (castration age) indicated that they are more sexua11y mature than 

the purebred boars at the same agè and have the c~pacity for greater sperm 
fil' 

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

Duroc boars were found to have greater semen v.o1ume and were superior to the 

Duroes for sperm moti1ity, live-dead rate and overall score, and superior to 

the Hampshire for spe~morphology. 
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v. REPRODUCTIVE PEJroRMANcE 

1. Method'of Analysis 

The -total number of progeny sired "" -each boar, the dominanc_e of 

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

. \.# 
7 boar, the sex-ratio of the 1itters from each boar, and piglet surv~va1 rate 

,. 

from birth ta weaning were examined. Raw meaas ar~ given in Appendix Table 

B. 

To eva1uate the dominance of boars in double matings, boars were 

given a score based on.each 1itter in which they were a potential sire. If a 
" .. "* 

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

the dominated boar and alloc~ted 0 polnts. A boar that sired 1/3 to 2/3 of 

the pigs in the litter was given 1 point, and considere?_to be-a neutral boar. 

If the boar sired more than 2/3 of .the pigs in the,litter, he was allocated 

2 points, and classified as the domirtant boar. A theoretical "xtmum domin-

ance rating ~as calculated for each boar, and a percentpge value determined, 

based on the theoretical and actual ratings. 

Boars were simply ranked for number of progeny ~ired,~ominance, 

and conception rate. Differences be~eeo breeds in boar rankings were tested 

by the Kruskal-Wallis Test (Kruskal and Wallis, 1952). 

Leasè-fquares procedur~s (Harvey, 1960) were used to evaluate 

breed of sire, sire, and treatment effects 00 surviva1 from birth to weaning 

and on Bex ratio of the litters. 

The analyses were performed according t~ the following ~odel: 

i 
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where Yijk1 = an observed reproductive. trait 

li = the population mean 

b
i 

theceffeét 
" th 

of sirE} = of i breed 

effect of the j th sire within 
th 

Sij = the the i breed 

, t
k 

= the effect of the kth treatment tor induction of 
~rition 

e ijk1 = ~/~ando~ error assoçiated with the Ith pig 
tU ~O, a 2) 

33. 

1 
For hypothesis testing, normality of the error term was ~ss~ed'0 

l 

Breed effects were expressed as deviations from the Hampshire-. 

Durocicrossbred~. Si~e 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 Discussl0n 

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

Hampshire-Duroc Boar l5-E sired the highest perce~tage of pigs (84.~3%), 

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

note th~t the Landrace boars occupied the lowest five placés in the ranking 

order. That is, the ~andracè~boars aIl sired lower percentages of the 1itters 

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

lt may be postulated that a heterotic effect is acting in the embryos sired 

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

/ . 
s~ws, and that t~ere~r~duced intrauterine mortality of these embryos in 

comparison with those sired by the Landrace boars. 
• 
Skjervo~d (1962) discussed different environmenta1 and genetic 

sources to exp1ain a special boar effect on litter size, and divided the 

problem into: 1 1) factors affecting-the number of ova ferti1ized, and 
. 1 

2) factors affecting the number of embryos deve10ping 

normal1y unti1 birth. 

He conc1uded that differeftces in litter size between s,ires must be due to 

differences in the genotypes for embryonic vi~bi1ity between progeuy groups. 

Pigs experience serious prenatal morta1ity (Crew, 1925; Parkes, 

1925). Hammond (1914) reported an overall prenatal morta1ity of 26.7%. 

Crew (1925), Burger (1952), and Pomeroy ~1960) reported foetal deaths at 

26.45, 37.34, and 38.53 per cent respectlve1y. If a heterotic effect is present 
,f 

with respect to surviva1 rate, the crossbred embryos shou1d benefit in that 

they wllrhave Increased vi~our and survivability. 

were 

Rankings of the Hampshitre, Duroc, and Hampshire-Duroc boars only,', 
l , 

with respect to number of pigs sired 

erence vas found in th~anking ?tder 

by each boar, but no 8ig-
1 

of these breeds alone; that 

1 
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Table 7: The Total Numb~r of Progeny Sired 
By Each Boar 

In the Double-~ted Litters 

. No. Total No. No. Sired 
Boar 

15-E (HO) a_ 
136-F (H) 
459-F . (D) 

5~ 
(D) 

16- (RD) 
541- (H) 
71- (D) 
1-F (H) 
2702-F «'HD) 
1500X-E (L) 
1043-D (L) 
149-E (i) 
267-C (L) 
2749-C (L) 

a 
L = Landrace. 
H = Hampshire 
D = Duroc 

of Litters 

8 
10 
]j) 
11 
14 

7 
10 

'10 
12 
12. 
2l 
25 
17 
17 

~ of 184 
=92 

RD = Hampshire-Duroc 

Prosenl Bl Boar Per Cent 

73 62 84.93 
HO 88 80.00 

81. ,67 77.01 
102 70 68.63 
104 

\ 
62 59.62 

58 34 58.62 ' 
82 48 ,....--....-58.54 
83 43 i :rS1.81 

131 65 49.62 1 

122 58 47.54 
174 77 44.25 
207 82 39.61 
156 47 30.13 
171 ' ..XI ÎS.79 

i of 1660 830 
= 830 

< 

35. 



( 

1 
t 

( Il' 

• 

'II 

is, with the exclusion of the Landrace from the test. TQerefore, it appears 

that any heterotic effect pre~ent is effective in the offspring of aIl breeds 
1 

examined excepting the Landrace. 

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

" \ 
However, 0' Ferra11 et al. barn alive in crossbred litters from purebred dams. 

(1968) found that litter size at birth' was practically the same for 'ipbred and 

crossbred litters, a1though there were high1y significant differences in favour 

of crossbred pige at 21 and 56 days of age, probably due ta a higher survival 

rate up to 21 'days of the crossbred litters. \Winters ~ al. (1935)-, Hutton 
l , 

and Russell (1939), and Lush et al. (1939) found that crossbred litte~s at -,-

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

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

spring and, in others, it is not. This may be a function of the actua1 breeds 

used. 
, 

Rankings of the boars for dominance in double-matings are in Table 

8. Hampshire b~ar 136-F was highest ranked (85.00%) and" Landrace b6ar 2749-C 

was lowest (14.71%). The Landr~e boars aIl fell in the bott~m half of the 

ranking order, but breed difterences for dominance rankings were not significant. 

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

Landrace·boa~s and the other three, breeds. 

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

pigs he sired, his position in the two rankings should be simi1ar, as is found 
1 

for the Landrace. A highly significant CP < 0.01) correlation of 0.877 was 

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

and dominance rating. 

Ollivier and Legault (1967) demonstrated a high1y significant 

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

presented evidence of selective fertilization in swine as did Libizov (1956) • .. 
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Table 8: 

:.. 

Boar 

l36-F (H)a' 
459-F (D) 
547-F (H) 
l5-E (HD) 
l6-E (RD) 
54-F (D) 
2'702-F (HD) 
1500X-E (L) 
7l-E (D) 
149-E (L) 
1043-D '(L) 
1-F (Il) 
267-C (L) 
2749-C (L) 

~ • Landrace 
Il - Hampshire 
D - Duroc 

The Dominance Ratings of The Boars 
In the Double-Mated LUters 

Maximum Dominance Actual b Rating Possible .. DOfinance Ra ting Per Cent 

20 17 85.00 
'20 16 80.00 

î: 11 ',78.57 
11 \ 68.75 

28 19 67.86 
22 13 59.09 
21 14 ). 58~33 
24 .( 12 50.00 
.~ 8 ,:,1 40.00 

- 50 16 32.00'-
42 11 26.19 
20 5 25.00 
34 6 17.65 
34 5 14.71 

b >2/3 of pige in litter by boar • Dominant = 2\ 
1/3-2/3 of pigs in 1ftter by boar = Neutral = 1 

<1/3 of pige in 1itter by Doar ~ Dominated = 0 
RD = Hampshire-Duroc 

• 
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Sumption states that, based on/ eatty's (1957) work with rabbits, differences 

in competitive ability/and/or/concentration of viable sperm are plausible hy~o­

theses for ,differenti~, fertilization. In poultry, Allen and Champion (1955) 
, 

have observed substantial correlations between sperm quality and number of pro-

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

on 1itter size could be due to'a difference in semen quality and quantiity. At 

the present time, a definitive!explanation of the phenomenon of preferential 

ferti1ization is not available; although Martin et al. (1974) reported, in 

chickens, a re1ationship between the ratio of the numbers of competitive sperm-

4 
atazoa and the proportions of offspring sired by the males. 

1 This st~dy found that the Hampshire boars had a~perior overa1l 

semen score in comparison with the other breeds, whi1e the~race nad the 

poorest scores. 

A highly significant Positive'co~ation of 0.837 was determined 

between semen score and dominance rating. This seems to indicate that semen , 

quality.has an important effec~on the ability of a boar to fertilize the ova 

of the sow. An identical correlation of 0.837 was found between semen score 

and number of'progeny sired by each boar. Both these correlations agree with 

the work of Allen~nd Champion (1955),'in pou1try, and Skjervo1d (1962), in 

swine. 

Although many other factors may be imP9rtant in preferential 

\ fertilization, the importance of semen quality cannot be ignored. 

The conception rates of the sows bred to each'b9ar are in Table 9. 

A negative, but non-significant, co~relation of -0.332 was calculate~ between, 
\ 

dominance and conception rate rankings. Even 'though a boar sired a large 

percentage of the pigle~s in his 1itters, 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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c 

... Table 9: The Conception Rate. of the Sows 
Bred ta Each Baar 

No. of Sows Bred No. of Sows Not 
BOé;l.r~f' ta Listed Baar Returning ta Heat Per Cent 

2702-F (HD)a 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 
\1043-D (L) 25 21 84.00 
459-F (D) \ 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 
7l-E (D) 13 10 76.92 

C 15-E (RD) 11 8' 72.73 
16-E (HD) 21 14 66.67 
267-C (L) 28 17 60.71 
547-'F (H) . 12 7 58.33 

~ 

i ! Total of 236 = 118 of 184 = 92 

a 
L - Landrace 
H = Hampshire 
D = Duroc 
HD = Hampshire-Du,roc 
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he was bred did not necessarily stand a good chance of remaining pregnant. 
1 

Therefore, it appears that conception rate of the sows is influenced most 

greatly by the sows themselves, while the boars produce the competitive advan-

tages in lit ter size by means of preferential fertilization . 
• 

A negat~ve correlation of -0.244 was determined for the relation­

ship between the rankings of the number of pigs sired by each boar and the con-

ception rate of the s~ws bred ta that boar. 

The effects of breed, sire within breed, and treatment on sex ratio 

(per cent males fn the lit ter) are in Table 10. From the standpaint of breed, 

the Hampshires produced the greatest number of males, and the Durocs the fewest. 

Hampshire boar 547-F produced the largest numbe~ of males, and Landrace boar 

2749-C the fewest. Analysis of variance .(Appendix Table C) ~as ~rfOrmed on 

significant differences were present. the data (arcsin transformation); but no 

The boars were ranked, and a highly significant positive correla-

tion of 0.675 was determined between the rankings for dominance and sex ratio. 
1 

Kennedy (1970) found a significant difference (P < 0.05) in the 

number of males sired by dominant (51.4% ma~es) and dominated (63.7% males) 

boars. These results contradict the 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 phenomenon. 'Further work i8 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 ls 

given in Table Il •. The values vere calculated as (rtumber alive at birthl 

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

'formed data (~csin) are in Appendix Table C. 

J 
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Table 10: Least Squares Estimates of the Effects of Breed of Sire, 
Sire, and Treatment on the Sex Ratio 

r' 

l'Ç.f 

• 

Of the Doub1e-MAt~d Litters 

Breed 'of Sire 

Làndrace 
Hampshire 
Duroc 
Hampshire-Duroc 

Sire 
~ 

267-C (L)a 
2749-C (L) 
1043-D (L) 
149-E (L) 
1500X-E CL) 

1-F (H) 
136-F (H) 
547-F (H) 

71-E CD) 
54-F (D) 
459-F on 
15-E (RD) 
16-E (RD) 
2702-F (HD) 

Treatment 

Not lnduced 
lnduced 

~ = Landrace 
H = Hampshire 
D = Duroc 
RD = Hampshire-nuroc 

.. 

Sex Ratio (%) 

-lO.626t 3.916' 
2. 617± 7.831 

-11. 540± 7.690 
O' 

... 5.260±13.973 
-36. 879±14.177 
- O.566±10.625 

4.307±10.496 
- 7.174±13.493 

- S.SI2±13.313 
- 5. 734±21.164 
40.549±17.751 

- ~. O~t;l..5-.-Ol-1 
-14. 294±16.~96 

7.588±18.885 

-12.470±20.440 
12. 232±1l.812 

o 

- O.223± 2.728 
o 

41. 
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Table Il: Least Squares Estimates of the Effects 
Of Breed of Sire, Sire, and Treatment 
On Percent Su~ival From Birth to Weaning 

Breed of Sire 

Lan9race 
Hampshire 
Duroc 
Hampshire-Duroc 

Sire 

267-C (L)a 
2749-C (L) 
lO43-D (L) 
l49-E (L) 
1500X-E (L) 

I-F (H) 
136-F (H) 
547-F (H) 

71-E (D) 
54-F (D) 
459-F (D) 

15-E (HD) 
, 16-E (HD) 

2702-F (RD) 

T'reatment 

Not lnduced 
lriduced 

~ - Landrace 
H = HampsltiJ:e 
D = Duroc 
HD • Hampshire-Duroc 

% Survival 

- O.188±1.374 
- 2.385±2.748 
- 6.034±2.6~8 

o ~ 

- 3.566±4.902 
-12.089±4.974 
- 3.938±3.729 
- 7.960±3.683 

4.009±4.734 

O.349±4.671 
-29.419±7.426 
- 5.295±6.228 

-13.375±5.270 
. ~.130±5.,788 

- ,.875±6.626 

- 7 .021±7 .171 
- 9.802±4.144 

o / 

1.99~.957 / 
. //,0 

/ 
/ 

1 1 42. 
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A1though breed differences were not significant, the Hampshire-

Duroc progeny had " the best surviva1 to weaning percentage, which indicates 

that a heterotic effect may be present for survival. 

Induced pig~ had a survival advantage of 1.999%0.957% over non-

induced pigs. This difference was not significant. 

Brekke (1948) tepor~ed death losses of 16.6% at 21 days for 

Norwegian pigs born ~etween 1932 and 1944. Trulssan (1957, cited by 

Be1anger, 1964), observed ~'aVeragè 10ss of 20.0% at 3 weeks of"age in litters 

of Swedish Landrace sows. " Ver,non (1948) reported that mortaiity in pigs to 

21 days of age was 30.3% in ~inecross males, 24.7% in linecross females, 

41.5% in inbred males, and 38.2% in inbred females. Cox (1960) stated that 
. 

the reduced mortality in crossbrêd pigs was almost three ttmee greater in 

'" males'as in females, and, the difference between male and female morta~ity was 

more than twice as large in the purebreds as in the crossbr'eds. 
~ 

Among the interesting reproductive phenomena detected in tqis 
'" 1 

study were the superiority of the Hampshire; Duroc, and Hampshire-Duroc boa'rs 

for number of progeny sired, the ~elationship between semen ~core and domin-
, 

ance rating, the positive correlation between dominance and Bex ratio. 
(:. 
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VI. PRODOCTIVE PERFORMANCE 

a 
1. Method of Anallsis 

~ 

Least squares procedures (H,:rvey, 1960) were used to evaluate 

1 

sex of pig, breed of sire, litter:", sire, and treatment,effects on ten produc-

tive trait's - birth 'weight, weaning weight, eight-week weight, average daily 

~ gain to market (from birth, 21 clays, an~ 56 clays) , age to market, carcass 

() 

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

yield, backfat thickness, and carcass index. 

model :. 

where 

The analyses were performep according ta the lfollowing general 

th 
Yijklmn = an observed productive trait on the n pig: 

lJ - the population mean 

= the effect of the i th breed of si~e 
th th' Sij = the effect of the j ~re within the i breed 

t k =', the effect of the kt~ treatment for induction of 
parturition 

. 

lkl = the effect of the lth litter within the k th treatment 

th gm = the effect of the m ,sex of pig 
1 

C = the regression of Yijklmn on liveweight at market age 

o 

Wijklmn 

eijk1m~ 

= the liv~weight at market of the ijklmnth pig 

th = the random error aSf:!ocia,ted with the n pig 
"-'(0,02) 

'J 
Fo~ hypothesis testing, normality of the error term was assumed. 

The treat'ment for induction of partui;.ition t~ ~as included in ,the' 
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analyses for,~irth weight, weaning weight, and eight-week weight, and was 

omit~ed for the later growth and carcass traits. The livew~ight covariate 

was included only for age to market and backfat thickness. 

1 Breed effects were express~d'as deviations from the Hampshire-

Duroc crossbreds. Sire effects were estimated as the b~ed plus sire within 

breed effe~t, and expressed as deviations from boar 2702-F. 
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, 2. Results and Discussion 

Birth weight; weaning (21 day) wéight, and 56 d~y weight were 
\ 

e~amined as early growth traits. Raw means are given, in Appendix Table D. 

Ana1ysis of variance tables are found in Appendix Table E. Least squares 

estimates with their standard errors are in Table 12. 

Birth weight was affected significantly (P < 0.05) by sex and 

46. 

, highly significantly (P < 0.01) by breed, treatment, and litter within treat-

ment efrects. There was no significant sire within breed effect. 
\ 

Female pigs weighed less than,male pigs, and the progeny of the 

Hampshire-Duroc boars w~eaVier th an the offsp~ing of any of the ot~er 
D breeds. Landrace progeny were ~he lightest, indfcating that crossbred pigs 

baye an advantage for birth weight. Pig1ets from treated sows ~eighed 1e;s 
, 

than those from untreated sows. 

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

found that breed çf boar had no significant ef~ct on mean piglet birth weight. 
f , 

Smith and Lishman (1974) in 4 ~tudy of Pietrain-Hampshire and Large White boars 

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

Lush ~ al. (1939) compared pure and crossbred progeny from 36 double~ted 

Duroc Jersey and Poland China sows. tbey reported that the crossbreds weighed 
\ 

2.5% more at birth. O,'Ferrall et al. (1968) observed that crossbr~d litters 

weighed 0.64 kg more tha~ inbred liners when barn. 
'(1 

" 
Thus, some authors detect an effect of hreed on litter and piglet 

weight at birth, ~ile others do not. This may be a.function of the actual 
~", ' 

breeds 1 usee! in the cross, and the ,effects may be confounded by eityiro~mental 
, 

differlen~es • 
\ 

/ 
TWenty-on~day weight was affected signif~ntly EP < 0.05) by 

" fbreed, and high1y significantly (P < 0.01) by litter within treatment eff'ect. 

" 

'1 

• 

... 
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Table 12: 

Sex of Pig 

Female 
~le 

B\eed 'of Sire 

Landrace" 
,Hampshire 
Duroc 
Hampshite-Duroc 

Sire 

267-C 
2J49-C 
1043:JD 
149-E 
1500X-E 

1-F 
136-F 
541-F 

7l-E 
54-F 
459-F , 

',(L)a" 
(L) 
(L) 
(L) 
(L) 

(H) 
' (H) 

(H) 

(D) 
(D) 
(D) 

15-E (RD) 
16-E (RD) 
2702-F (RD) 

Treatment 

Not Induced 
Induced 

" ~ = Landrace 
H = Hampshix:e 
D = Duroc 

1 Least Squares Estimates of the Effects of Sex, 
Breed of Sire, Sire, and Treatment on Ear1y 

Growth Performance 

/ 

Birth Weight 21-Day Weight 

-0.042tO.009 > -0.1421:0.036 
'0 ~O 

-O. 090t O. 018 
-0.0081:0.035" 
-0.030tO.034 

o 

-0.057tO.063 
. -0.131tO.070 
-0.115tO.044 
-O.175t O.044 
-0~05UO.044 

-0.051tO.063 
-0.1161:0.083 

0.0071:0.077 

-b.0921:0.063 
0.003t O.070 

-0.140tO.083 , 

-0.061tO.089 
-0.075t O.054 

0 

0(104t O.010 
0 ~ 

-0.0661:0.072 
0.2391:0.138 
0.3151:0.134 

o 

-0.176tO.252 
-0.3361:0.282 
-0.2071:0.187 
"'0.1171:0.192 

0.0941:0.202 

0.3191:0.244 
-0.15141:0.370 

0.421%0.294 

0.4311:0.264 
0.2571:0.277 
0.110t O.337 

-0.561t O.337 
0.026t O.214 

0 

0.0141:0.041 
0 

r 

56-Day Weight 

-0.1801:0.103 
o 

0.274:1:0.194 
0.882:1:0.386 
1.1321:0.375 

o 

0.132:1:0.705 
-O. 249tO.826 
-0.581tO.521 
0.248t O.533 
0.2661:0.57Q 

O. 9,621:0.681 
-O. 788±1.064 
0.920±0.814 

1. 249tO.'742 
1. 2941:0.772 . 

-0.126t O.932 

-1.8371:0.935 
-0.1171:0.,598 

0 

0.324t O.114 
0 

RD = Hampshire-Durqc J' 
l ' 

• 

4 

47. 

. 

" 



... # ~""'''', ' 

c 

l' 

~ 
~ 

1 
1 
t 

1 
~ 
~ 

? 
~ • 
t ' , 
! , 

(} 

o 

48. 

Sex of pig, sire within breed, and treatment effects were not significant. 

Female,pigs were lighter than male pigs. Crossbred pigs were 

heavier than the purebred Landrace offspring. This indicates a clear super-

iority of crossbred pigs over purebreds. There was no superiority of the 

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

Duroc (two-breed cross) boars. Piglets of treated sows weighed only slightly 
\ 

\ 
less than those from control sdws. 

Smith g al. (1973) reported that ~otal litter weight at weaning 

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 weight\ 

at weaning. 

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

crossbred 1itters over ,purebred, and crossbred pigs were 0.3 kg heavier than 

purebreds at 2~ days of age. Lush et al. (1939) reported a crossbred advan-

tage of 10.7% in weight at weaning. King and Thorpe (1973) observed decreased 

individual weaning weights for progeny of crossbred sires. 

Since heterotic effects decrease as an animal ages (Freqeeb, 1957), 

it may be expected that individua1 piglet weight and total litter weight will 
/'~ 

--------:-
vary greatly depending on the cross used ta pro~~the pig1ets. 

. ----------------------
F~fty-~ix day ~~~wâs affected significantly (P < 0.01) only 

by lit ter within trea~t effect. Sex, breed, sire within breed, and treJ(­

ment effects were not significant. 
\ 

Female pigs were lighter than male pige, and the Hampshire-Duroc 
". 

of~spring were the lightest pigs at 56 d~ys. ~iglets from treated sows still , , 

weighed ;ess than those of control sows. 

, 0' Fenal! ~ al. (1968) reported an increas" Htter ~eight of / 

\. 
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crossbred litters at S6 days of 23~8 kg, and individual crossbred pig 

advantage of J.. S kg over inbred pigs. Lush ~ ~ (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 Zl-day 

/ wei~ht. \ Thi~S mo,st like1y due ta the action of heterosis which resulted 

from crossbreeding. The heterotic effect produced by the Landrace ~ x 

Hampshire-Duroc d' was greatest, since this".; cro~s produced the ,heaviest pigs 

at birth, although the Landrace J x Duroc t:Jf cross produced the heaviest 

pigs at 21 clays. 

As heterotic effects are genera11y on1y expressed ear1y in 

I~fe, and decrease as the animal develops (Fredeen, 1957), it appears . \ '\ 

that the superiority of the boars themselves besins to be expressed as 

their progeny age. Indeed, the Duroc boars' offspring were also the 

heaviest,at 56 days (when heterosis ia Iikely less important), and the 

Hampshire-Duroc progeny were the lightest. 

Treatment (induction of parturition) had a significant effect 

on birth wdight; lt is evident that intrauterine growth continues untii 
, 

parturition, and that co'nsiderable weight ,gains are made by the piglets 

during the Iast few days of gest~tion. The treatment effect, did not 
, , 

t persist at weaning, indicating that induced piglets gain as rapidly as 
1 

\ 
non-induced piglets from birth to weaning. 

Litter within treatment éffect was significant at btrth i 

21 days, and :6 days. This effect encompasses parity of the dam and 

non:me.asurable maternaI factors such as milk-yiefd and '',no thering-ab ilit y" 

of the sow. 
\ 
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Since this effect was present up to 56 days of age, it i~ apparent that 

maternaI factors are important in the subsequent development of her offspring, 

even after they have left the sow. 

The later growth and carcass traits whieh were studied were per 

cent carcass yieId, careass index, baékfat depth, days to market, average daiJ.y 

gain (birth to market), average daiIy gain (21 days to market), and average 

daily gain (56 days to market). 

Analysls of variance tables for the above characteristics are 

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

in Table 13. 

Per cent carcass yield was caleulated by div,iding carcass weight 

by final weight and multiplying Dy 100. 
\ 

A signifieant CP < 0.05) effect of sex' 

of pig was found for ca~eass yield, while breed and sire within breed effeets 

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

those from male pigs. The Hampshire-Duroc progeny had the greatest careass 

yields. 

Smith et al. (1973) found that the progeny,of Hampshire boars and 

Large White 'sows had higher; eareass yields than purebred Larg,e White progeny, 

even though the crossbred carcasses were shorter. In the present ..Jtudy, 

careass length was not measured, ~ince the overall earcass inaex did not in-

clude this characteristie. 

1 

Smith and Lishman (1974) reported higher careass yi~lds (3%) and 

shorter carcasses (3%) in the progeny of Pi~ain-Hampshire boars on Large 
, .. ~ .. 

White females when c~pared with purebred Large ~ite progeny. 

Carcass in.dex was very highly' signifi~'antly CP < 0.005) affected 

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

~. 
on backfat depth and carcass,weight. Al~hough breed differences were not 

, ~" 

, , , 
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Sex 

Fe_le 
Male 

B!eed of Sire 

Landr';ce 
Hûmpshire 
Duroc 
Hampshire-Duroc 

§.!!.! 

267-C (L)" 
2749-C (L) 
1043-D (L) 
149-E (L) 
1500lC-R (L) 

1-F (H) 
136-F (H) 
547-F (H) 

71-E (0) 
54-F (D) 
4S9-F (0) 

15-E (HD) 
16-E (HD) 

~ .. 
'" 

Table 13: Least Squares Estlmates of the Effects of Sex, Sreed of Sire • 
And Sire OD Late Grovth and Market Perfo~nce 

% Yield Carcass Index BacUat Depth pa~s to Market Birth to Market --- <-) A.D.G. (kg/rlay) 

0.4aOtO.095 1.489tO.113 .-3.749 t O •• 4 9.52413.657 -0.030tO.002 
0 0 0 0 0 

-0.78010.162 -0.516tO.192 0.53810.160 3.68611.102 -0.01610.003 

-0.930 t O.327 0.28110.389 -1. 30210. 324 - 3.427 t 2.216 0.00&tO.007 
-1. OlB tO. 299 0.008to.356 -0.112t O.297 - 0.10012.073 0.004tO.006 

0 0 0 0 0 

-0.088tO.562 -1. 357 tO. 668 1.08ltO.571 5.55013.976 -0.029tO.012 
O.076tO.722 -0.593tO.857 -0.781 t O.714 - 2.500t5.082 -0.00310.015 

-0.191tO.419 -0.522 tO. 498 -0.24810.415 13.78612.935 -0.05210.009 
0.129 10.4311 -0.48310.520 -0.802 10.434 10.98912.949 -0.039±0.Ol0 
o 143tO.327 -2.117tO.626 3.872tO.521 5.596~3.367 -0.022tO.012 

O.108tO.575 0.043tO.683 0.16510.571 1. 906t4.073 -0.016tO.012 
-1. 329±O. 906 -O. 254t1.077 -3.244 t O.899 5: ~18t6. 396 -0.03410.019 
0.182tO.695 -0.389 tO. 826 -O. 466±O. 691 -0.885<4.380 0.00610.013 

-0.08110.592 0.353tO.704 -2.599 t O.586 . 6.734t4.169 -0.025tO.012 
-o. 686±O. 615 -1.185tO. nI 0.130 t O.610 -3.23714.191 û.004~.013 

0.172:!O.7J5 -O.816tO.R73 -0.996±O.727 5.54115.200 ' -0.027tO.016 

1.26110.759 -O. 385tO.902 -o. 750tO: 750 a.. 549t 5.361 -0.03410.016 
0.924:!O.494 -0.32710.587 -0.712tO.490 6.854t3.234 -0.02610.010 

/ 

,~ 

Wean to Market 
A.D.G. (kg/day) 

-0.037 i O.002 
0 

-0.01910.004 

O.OO9tO.OO8 
0.OOltO.007 

0 

-0.037tO.014 
-0.00610.018 
-0.065fO.010 
-0.05010.011 
-0.032tO.012 

-0.02310.015 
0.04110.023 
0.002tO.016 

-0.03610.015 
O.003tO.01S 

-0.037±O.019 

-0.04310.019 
-o. 036 ±O. 012 

• 

56 Days to ltarket 
A.D. G. (kg/day) 

-0.057tO.003 
0 

-0.02910.003 

O.OlltO.OH 
0.002tO.OlO 

0) 
,# 

-0.05410.019 
-0.009tO.024 
-0.092tO.014 
-0.072 10.014 
-0.040tO.016 

-0.035±O.019 
-O. D46 tO.OlO ' 
0.004 t O.021 

-0.057 tO.020 
0.007 ta.020 

-0.045tO.025 

-0.05210.026 
-0.048 ta. 015 
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, . 
. significant, the crossbred progeny were sUferior to the Landrace. 

Baekfat 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 

not significant. However, the ~ampshire progeny were superior to the other . 
crosses, and aIl crosses were superior to the purebred Landrace. 1;;;' 

Louca and Robison (1967) found that gilts deposited le§s fat than 

barrows to 154 days. Smith et al. (1973) found that Hampshire-Large White 

\, carcasses were not significantly 1eaner than purehred Large White carcasses. 

Lishman et al. (1975) reported significant differe~cesrin the fat depth over 

the 'eye muscle' favouring the progeny of Hampshire-cros,s boars. 
1 

" Days ta market (adjusted for live-weight) was \ highly significantl-Y 

altered by sex of pig and breed of sire. Gilts lagged seriously behind 
1 • 

\ 

barroys in ~ge t~ market by 9.524tO.657 days. Since gilts deposit less fat 

than barrows (Louea and RObfson, 1967), they take l~nger to 'finish' and to 

reach market weight. 

The Hampshire prageny were superior ta the other crosses, reach-

ing market weight 3.427±2.216 days sooner than the Hampshire-Du~oc offspring, 

and over seven days sooner than the Landrace. 

Average daily gain (A.D.G:) :from birth, weaning, and 56 days, to 
, 0 

slaughter, was examined. 

A.D.G. ta, market was very highly significantly affected (P < 0.005) 

by sex of Qig and breed of sire, and significantly affected g(P" 0.05) by sire 

within breed. ,Male pigs.gained more per day than fémale pigs. 
1 

Landrace pigs were, again, the pO,brest pérforme~s during the per-

iods of birth, 21 days, and 56 days to market.- The Hampshire progeny werè 

\ 
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superior in aIl three phases. No heterosis appeared to be present for growth 

~ to market weight sinee th~ Hampshire-~proc offspring consistently failed to 

attain growth rates superior to the average of the parental breeds, and were, 

in faet, inferior to both the Hampshire and Duroc progeny. 

The effeet of sire within breed becomes significant as the pigs 

age. Sinee hete\rosis dec,reases 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 effeet on growth at 

aIl stages (exeepting 56 ~ays), but "no significant effect on eareass character-
1\ 

istics. It is i~ke1Y that this is a clear indication of the preSence of a \ 

heterotie eff~ct '·for growth, wh.ieh is not present for careass charactpistics. 

Ùn the whole, in the early stages of growth, the Hampshire-Duroc 

fprogeny were superior to the Hampshir~s' and Duroes' on1y for birth weight, and 

amongst earcsss trait~, only for careass yield. The great'er birth weight o'f 
. 

the Hampshi~e-Duroc progèny over the Hampshire and Duroc progeny is very prob-

" , ably due to a heterotic effeet; since, not only po the Hampshire-Duroa progeny 

~xeeed the av~ge of the parental breeds' but they are superior to that of the 

best par~ntal breed~ the Hampshires. 

The superiority of the Hampshire-Duroes for careass yield is most 

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

breeds which combine weIl with the Landraee to produce high careass yields. 

In g~neral, the crossbred boats performed weIl, aithough-they wére 

not superior' to their parental breeds for most traits. 

.---.... ----- -
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VII. SUMMARY AND CONCLUSIONS 

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

\ ' , > 

boars for reproductive and productive performance in comparison with Landràce, 

Hampshire, and Dutoc boars. The effects of breed, sire within breed, and 

4 1 

induction of parturition were studied in 92 double-mated litters representing 

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

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

was 'determined by blobdtyping. 

Breed,of sire effects were signifieant for birth weight, 2l-day 

weight, days to market, and average daily gain (birth, 21 days, and 56 days 
1 

to market), and number o,f prageny sired in each litter. Induction of pêrturi­

~n had a significant effeet on birth weighe only. Breed of sire and 'sire 

wi~in breed differences 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. Tqe crassbreds' pigs had the 

\ . 
greatest careass yields, Dut ranked third behind the Hampshires and Durocs for 

carcasa index, backfat dept?, days ta market, and average da ily- gain to market 

• (from birth, 21 days, and 56 days). The Hampshire-Duroes were superior to the 

L?ndrace. for these traits. 

Hampshire-Dur6c boars'exceeded a1l other breeds for semen yolume 
~- -

and were superior to the Landrace for live-dead :t-ate--orthe sperm. ta the 

Hampshires for sperm moti1ity and overa11 score. and to the Durocs for sperm 
\ \ 

concentration and morphology. lh~ drossbred boars appeared tô be superior ta 

the Landrace for a1l characteristies except 1ive-dead rate of the sperme 

The Landrace boars were dominated by the other breeds in the 
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t . , 

double-matings, in that more crossbred than Landrace progeny were sired in 

the double-mated \l.itters. No sign'ificant differences were found between the 

conception rates of the sows bred ta each"boar. 

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

litters were not significantly affeeted by breed or sire within b~eed. 

Highly signific,nt correlations were determined between the rankLngs for 

dominance and sex ratio, and dominance and sperm quality. 

~ampshire-Duroc crossbred boars present advantages to the swine 
'. , 

producer for several traits. They produced pigs which exhibited heterosis for 
, ,1 

birth weight. Also, they had superio~ careass yields in comparison with the 

other breeds, which indicated a higher meat to waste ratio. However, for 

othét important growth and carcass 'traits the Hampshire-Duroc prog~ny lagged 

behing the Duroc, and especially the Hampshire o{fspring. ~The Hampshire-Duroc 

boars appear to offer an advantage over purebred pigs, but cannat compete with 
" 

the two-way crosses of Landrace x' Duroc and Landrace x Hampshire. Naturally, 
~ 

the merits of entir~ breeds cannat 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: 
-' 6 

Ana1ysis of Variance for Semen Volume, ~oncentration (10 /ml), 
And Concentration, Moti1ity, Morpho1ogy, . 

Live-Dead R~te, and Total Scores 

Mean Squares 

Cone; 1 Cone. Motility Morphology Live-Dead . 
\.Source d.f. Volume (106/mlL Score Score Score ltate. Score 

. 
Br~ed of Sire 3 30.803** 12.649 Q.493 o.72i 0.171 0~038 , 

Sire/Bl!eed 10 - 12.9~4** 21.790 1.512 . 0.170 0:140 . 0.041 

Age 1 0:327 17.536 0.605 0.229 0.252 0.014 

Age 2 
1 0.001 27.094 1.428 0.183 0.171 0.009 

Residual 24 3.837 10.559 o. 79t~, 0.226 0.091 0.317 

, **p < 0.01 
" -.. ,1 

'$ 

~ 

'" '" 
1 • 

.. 

/' '., 

· __ 1IRlfftltM\UW%téèh~[.ijfii'?M1èroj"?i':'tMPI1m@#':!!èr"':Ü:!Ii\Mt$ltgrM!tMb~dc .. ) sr$tltt»l1frr'lIjl 1f!cts1ifJy,Wle",",~_"'''''-~ <0 ~ ..... ~.< h"""':': - , 

--

Total 
Score 

0.131 

0.221 

Q.043 

0:090 

0.122 

.' 

-; 
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Appendix Ta~le B: Raw Means of Reproductive Data 

,. 
Sex 

-, , , . 

Fema1e 
Male 

~ 

Breed of Sire 

Landt.:ace 
Hamps~.ire 
,Duro~ /~. 

H~pshJ.re-Dtlrc:w 

Sire 

267-C 
2749-C 
1043-~ 
149-E ., 
1500X-E 

1-F 
136-F 
547-F 

71-E 
54-'F 
459-F 

.(L) a 

(L) 
(L) 
-(L) 
(L) 

(H) 
(H) ... 
(H) 

(D) -., 
(D) 
(D) 

-

.-

'10 

No. of Pigs 
at Birth 

. 

409 
421 

291 
165 
185 
189 

47 
27 

"'77 

- 82 
58 

43 
88 
34 

48 
70 
67 

\0 

No. of Pigs 
~t Wea~ing 

390 
.,- 375 

280" 
144 
169 
172 

46 ' 
23 
76 
77 
58 

43 
67 
34 

37 
70. 
62 . 

" ,. 

No. of Pigs 
at 56 Days' 

384. 
357 

274 
134 
167 
166 

~ 

45 
22 
76 
76 -
55 1 

43 
57 
34 

'W 37 
68 
62 

a ----',---- - ----~7 

L = Landrace, H = Hampshire, D = uuro~ 

"" 

./ 
No. of Pigs No. Pigs/Litter 
at Market at Birth-

\ 
\ 
\ 

~ 

\ 
\ 

325 \ 
\ 

204 \ 
\ 
\ 

\ 
\ 

192 \, 3.16 
89 \ '6.11 

124 5.97 
124 \ 5.56 

.-

.31 2.76 
14 1.59 
55 3.67 
57 3.28 
35 4.83 

31 4.30 
32 -g-.80 
26 4.86 

26 '~ - 4.80-
56 6.36 
4~ 6.70 

~~~t~~~ q..wkW~~,,~:!. ........ , ... 'M' h~'WQ'ktG1! ... é\",Wi:"'Yl1b Jt Mki d1lr&œl't ... esr'" ~M'e:dhtat"";t!: ~t!I::1''''''''''''V 4±C.llrrZl1O b whmOh ...... U>::o.ilI..'tIo ..... ~,_~'I.1I_:.l .... JL'!iCn'" ....... ~.." .. .w..." • .,w.._._,_~ 

"il 
Surviva1 Sex Ratio 

1 Birth to ~%} 
Wean (%) , 

~ 

96.83 42.38 
91.93 58.98 
94.85 47.61 
93.59 . 53.42 

97.22 52.74 
90 .. 74 24.07 
99.38 42'.34 
95.42 47.84 

100.00 35.17 

100.00 47.03 
76.70 67.33 .. ,. 

100.00 65.31 

90.83 ,.46.17 
100.00 47.23 

93.60 49.62 

\ , 

0\ 
00 

•• .~~ j~ ',-~ 
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Appendtx Table C: 

Source' 

~ 'Breed, of Sire 

S~re/Breed 

Treatment 

Residual 

\ 
1 1 

~ 
.~ 

'- . 

, . 
\ 

Analysis of Variance for Sex Ratio 
And Per Cent Surv,ival 

(Birth ta Weaning) 

(;- , 

Mean Squares 

d.f. Sex Ratio 'ro Survival 

3 0.1113 0.068 

) 0.0943 0.081 

0.0002 0.050 .. 
56 0.0920 0.045 

t 
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'70 • 
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j < 
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App~d1x T~bl. D: lav Kelnl of Productive Data 

Bircb 2l-Day ~ 56-Day Daya to Carclss, Bac,ltfat Carres a A.D.G. (ltg) 
'We1ght (ltg) We1ght (kg), ~ Yield (1) Depth <_) ...!!L!!!... Birth-Hark.et eiaht (kg) 

,1 
Su 01 p.!&, 
Femal. 1.43 4.76 

1
15•40 168.79 17.39 70.54 102.28 0.50 

Hale 1.45 4.89 11~.38 160.80 76.86 73.81 100.86 0.52 . 

Bree4 of Sire i" \. 

Landrac:e 1.42 4.70 1 15.19 170.05 , ' 77.04 n.47 101.41 0.49 
1'- - 1 Hampshire 1.47 ,5.09 1 16.77 159.471 76.90 70.18 . 102.33 0.53 

-'DurQe: 1.42 4.72 '1 15•84 160.98 77.49 .12.71 101.69 0.53 
Ha1llPsh1 re:-Duroc: 1.46 4.91 14.1·7 167.74 77.30 71.02 101.85 0.50 

Sire 
-iS 

~ 

267-C 1.50 4.52 15.26 169.63- 77.00 14.32 100.87 0.49 
2.749-C 1.35 4.38 14.26 165.79 77.22 73.82 101.14 0.50 
1043-D 1.46 4.85 14.92 167.82 76.55 71.17 101.58 0.49 
149-1 1.42 4.90 16.08 169.73 77.30 11.79 101.60 0.49 • 

. 1500lH~ 1.32 4.51 ! 14.67 175.02 • 77.35 73.45 101.40 0.48 

'/ ' '1-11, 1.65 5.50 17.51 159.39 76.61 69.08 102.35 0.52 
136-F 1.40 4.89 16.-22 163.63 77.09 69.69 102.78 0.52 
547-F 1.4"3 4.97 16.68 154.82 77.01 72.10 ~Ol. 73 Q.S5 

7l-E 1.35 ' 4.91 16.20 165.41 77.00 ' 68.87 lD2.62 0.51 
54-F 1.42 4.77 16.38 155.73 17.40 73.87 101.32 0.54 
459~F 

~, 
1.46 lVI- 4.56 15.02 165.30 17.92 13.54 101.60 0.52 

Co 

j 

'" \ 
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, ..... 
Q 

rrmêm'tiPtnttSitYiFht6tt ", ' -' " , - ,~.". -~ , i~ ........ "," ."'~.,,. -'. , ...... " •• " - -< • ~". 

.. 
'(-.' ~ 

,-~:::.1 .. 

A.D.G. (kg) 
Wean-Market 

0.55 
0.58 

0.54 
0.59 
0.58 
0.54 

0.54 
0.56 
0.54 
0.54 • 
0.53 

0.57 
0.58 - 0.61 

0.56 
0.61 
0.57 

_"'1 "- ~I,"'~ '1iI'" 

• 
.-

A.D.G. (kg) 
56 Da}'~~ Market 

0.62 
0.67 

... 0.61 
0.67 
0.68 
0.63 

0.62 
0.h4 
0.62 
0.61 
0.60 

0.65 
0.66 
0.71 

0.63 
0.71 
0.66 

....., 

..... 
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1 
-1 

i , 

6 

§ill 

1!t-1 
16-11: 
2J02-F. 

TreatIHnt 

lIot 1WJuced 
1Ddueecl 

r 
1\ 

1 

\ 
\ 

Bitth 
e1&ht (kit) 

1.48 
1.60 
1.31 

1.46 
1.39 

• 
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Append1~ Table D (Cont'd): Raw ~D8 of Produçt1ve Data 

21-Day 56-Day Daya To 1 Carcasa Backfat 
We1gb.t (kg) ~e1&~ . Market "l1eld (%) De}!th ~_~ 

1 1 
l' 

4.55 14.64 ' i66.06 76.7'1 70.60 
5.59 14.65 111.49 .78.20 72.93 
4.56 12.99 163.70 76.61 68.40 

4.79 15.33 
4.93 lS.S5 

.) 

f' 

" 

~ 
\ 

.. 

- \r,::;''''l-'~-.~~ • ... 4>.~V~ ",'$T1~ 

// . ... _,~ ... c,'~.."."";;~j~' 

" J • 
~ 

. , 

Car CHa 
( 

A.D.G. (kg) A.D.G. (kg) A.D.G. (Icg) 
lndex 'lJ.r!h-~rket . Wean-Karket 5& Days-Harket 

101.51 0.50 0.55 , 0.64 
101.15 0.49 0.53 0.61 
192.63, 0.51 0.56 0.66 
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Appendix 

Source 
/ 

Sex 

---;--------- ---
. Breed 

" 

1 -

o 
, , 

Sire/Breed 

Treat;ment 

• Litt.er/Tr~tent 

l' ~esidlla1 iii 

1 
1 

~p < 0.Q6; **p < 0:'01 
1 
. 1 

j-
• 

" tI 

. ' 
l ' 

. : 

J 
1 
1 

'" , 

d.f. 

1 

3 

10 

1 

90 

(724) 

-," 

, . 

./ • 10 

t. 

, " , 
&: Ana1ysis of Variance1for Birth Weight, 

.. 

• Weaning Weight, and 56-Day Weight 

Birt~ ~eight 

0.313* 
1 

0.230**" 
1 

0.055. 

1.529** . 

0.355** 

0.058 

\. 

j 

, ' 

. 

Mean ~ Squ;;res 

Weaning-Weiglît 
" , 

3.312 ' 
,~' 

2.589* 

0.793 

, 0.027 

4.528** 

(659) 0.870 

.' . 

') 

J Ir 

• 56-Day Weight 

5.123 

12.510 
)' 

,,5.631, 
: 

13.599 

·33.828** , 

(635) ~.634 

" 

1 

, . 
, " 1 

-! 
i 

• 
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Source 

Sex 

-" Breed 

. - Sire/Breed 

Residua1 

_ ·d.f. 

1 

3 

10 

.. 
Appendix Table F: 

J _r
f 

... 

,P ! 

% Carcass Carcass 
Yie1d ,Index 

, 
.' " 

~ if' ' 

. j; 

\ 
;/ 

1 

Analysis'of Variance for Per Cent Carcass Yield, Carc~ss Index, 
Backfflt Depth, Days to Market, and Average Dai1y Gain to Market 

(From Birth, Weaning, and 56 Days) 

, 
Mean Squares 

... A.D:G.' 

\ 

. , 

,\ 

1 
Il , 
1 

Backfat Days to Birth To Weaning to 56 Days to 
Depth Market Ma:rket Market Market 

: ..,. 

22.081* 212-.023*** 1346.440*** 9235.974*** d.089**:k ' 0.135*** 0.324*** -- .. 
'6.610 - 9.471 62.938 .855.727~** 0.010*** 0.015*** 0.031*** " 

~ " 

1.967 3.7'89 " 29.066 311.222 0:004* 0.005** 0.010** 
~ , 

0 

\ 

454.. 3.425 4.934 ' 7!r\~68, 175.602 ~O,_OO~ 0.002 0.004 __ 
1

. 

*p < 0.05; **p <~ 0.01; ***p < 0.on5 / \ -~~--, _ , J \ 
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