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INTRODUCTICN

Genetic improvement of farm animals may be accomplished by use of one or
more of the following methods: (1) selection, (2) inbreeding, and (3) outbreed-
ing. A study of the effects of these methods reveals that each produces a
somevhat different effect upon the population concerned. The choice of method
to use will depend on the ultimate aim of the breeding operation., In most
instances a combination of two of the methods used simultaneously, or all
three methods used in proper sequence, should bring about the greatest improve-
ment in a given period of time.

Selection has been a most effective tool in the hands of the breeder of
plants and animals, Its general effect is to increase the frequency of the
desired hereditary determiners by permitting the most desirable individuals
to reproduce at a faster rate than the less desireble individuals. Its effec-
tiveness is limited to the extent that the differences, for which selection is
practiced, are hereditery differences. In gemeral, the tralts of most economie
importance to the producer of livestoek products are not highly heritabls. For
this reason phemotypic selection for these tralts may not be very effective in
the improvement of the genetle eemstitution of the group. The use of such aids
to phenotypic selection as the pedigree, the lifetime performance of the indivi-
dual, and the progemy test greatly increases the accuracy of selection. If the
desired characteristic is the result of the extreme genotype, selection toward
that extreme increases homosmygosis. On the other hand, if the intermediate
genotype produces the most desirable phenotype, selection is incapable of fix-
ing that type.

The practice of mating plants or animals which are related by descent is
referred to as inbreeding. Its continued use ulbtimately results in the forma-

tion of homozmygous lines. The rapidity with which homozygosis is approached



is a fnction of the degree of relationship between the individuals mated.
Self-fertilization is the most extreme form of inbweoding possible and is used
extensively in plant breeding. Rirent-offspring and full-gib matings are the
most intense kini of inlwreeding possible in non-hermsaphroditic species.

Although mch of the constructive work in the formation of the present
breeds of livestook resulted from the mating of closely related animals, ine
bresling has been frowned upon by the great majority of breedsrs. A gemeral
lowering of phenotyple merit among inbred animals has been the usual ruls. In
conjunction with selection, however, inbreeding offers an opportumity to fix
many desired types ineluding the intermediate if more than one pair of genes
is involved, and if their offects are additive, It is a means for purging
lines of undesirable recessive genes. FPrepolency is a result commonly noted
because of the degree of homozygosis attained.

Outbrooling refers to the mating of individuals less closely related than
the average of the population concermed, As with Inbreeding, there are varicus
degrees of outbresding. The mating of individusls from different families
within the same breed, the mating of individuals belonging to different breeds, and
the muting of individuals belanging to different species represent varying de-
grees of oatbreeding. Some systen of outbreeding is usually preferred by breedars
beemuse fewer undesirable individuals occur than under a system of close mating.
In many instances the crossing of distinet lines or breeds resulis in an increased
phenotyple nerit in the first genoration. Breeders comonly credit this in-
ereased desirsbility to the nicking of the lines crossed. Within limits it has
been found that the wider the eross the grester the viger exhibited due to this
nicking effect.

Outbreeding is useful for introducing into a breed or strain certain
hereditary facters not already present. Selection for these desired factors



may then be effectively practiced. For the production of market animals the
crossing of distinet families, breeds, or species may be advantageous, Its
general effect is to reduce homozygosity and, therefore, prepotency. This

limits its use if prepotency and wniformity of progeny are important factors.

History of the present breeds of livestock shows that several forms of
cutbreeding have been used in their development. Breeders, who have fixed some
undesirable traits in thelr herds while following a system of elose mating,
have often made an outeross to unrelated individuals within the same breed in
an effort to correct these faults., Crosses between breeds and crosses between
species have been used as foundation stock for new breeds. Memy of the pre-
sent breeds have been developed from such crossbred foundations, Familiar ex-
amples inelude the Poland China breed of swine, the Corriedale breed of sheep,
the Santa Gertrudis breed of cattle and the American Soddle Horse.

The increased vigor and growth which accampany hylridization have beem
recognized for centuries. ﬁomhﬂtyatﬂmmle.iammunatm
of the use to which early animal breeders put this vigor of hybridisation.
The occurrence of hybrid vigor was reported and deseribed in detail by many
of the early plant breeders and biologists including Kolreuter, Knight, and
Darwin., It was noted that great differences existed in the marmer in whiech
this inereased vigor was exhibited. In some crosses, there was increased
vegetative growth; in others there was either a greater production of fruit,
an inereased resistance to disease, earlier maturity, increased fertility or
an increased viability., The various attempts to define and explain this
“inereased stimilus from erossing® were not satisfactory.

The rediscovery and confirmation of the Mendelian prineiples of heredity
brought about renewed interest in hybridization. It was in 1914 that G. H.
Shull proposed the term "Heterosis" to deseribe "the developmental stimulation
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resulting, by whatever mechanism, fron the union of different gametes®. Various
theories were proposed to explain the reasons for the occurrence of increased
growth and vigor. Some of these theoriss explain the results obtained very
well, tut as yet there is little direct proof to support any one of them to the
exelusion of others.

During the past fifty years, considerable research has been conducted to
study the effects of inbreeding on plant and animal material, It was found that
the use of selected inbred lines of corn in crosses increased yield above that
of the open-pollinated varisties from which they origimated, Rather extensive
of using this method in the improvement of farm animals - espeelally swine and

Several state experiment statins began the inbreeding of swine, and in
1937 the Regimal Swine Breeding leboratory was eatablished by the Buresu of
Animal Industry of the Unibed States Departmemt of Agriculture in cooperetion
with a number of state experiment stations., In cooperation with the Regional
Laboratory, the Oklahous Station began the develepment of inbred lines within
the Duroc breed of swine in 1938.

During sixteen of the twenty-two farrowing seasons since the spring of
1939 both inbred and line cross litters have been produced. In some seasons
outbred Duroc and three-line cross litters were farrowed.

The purpose of this study was to determine if the crossing of moderately
inbred lines within the Duroc breed of swine resulted in improved performence.
If such an expression of heterosis did exist, it was thought that its mammer
of expression and the time at which it was first evident would be of consider-
able interest and valus.



REVIEW OF LITERATURE

The Occurrence of Hybrid Vigor and Its Explanation.

Hybrid vigor, the manifest superiority of certain hybrids over their
parents in size, yleld, and general wvigor, has been recognized for at least
two and a half centuries. The first artifically produced plant hybrids
studied, those originating from crosses made by Kolreuter during the middle
of the 18th eentury, furnished some excellent examples. During the latter
part of the same eentury Knight noted that hybrids were superior to pure
types in plants and concluded that "nature intended that a sexual intercourse
should take place between neighboring plants of the same species". Mendel's
famous paper even contained an account of hybrid peas which exceeded either
parent in height. Collins (1910) reported that the American Indians had
regularly planted mixtures of corn to increase the yleld.

The extensive studies made by Darwin during the 19th century emphasized
that cross-fertilization resulted in greater vigor. However, he showed that
this increased vigor resulted from the umion of different germinal complexes
rather than from the mere act of crossing.

G. H. Shull (1914) recognized that the deerease in size which accompanied
inbreeding and the increase which was obtained by crossing were really differ—
ent aspects of the same phenomenon. Along with Bast (1912), Stmll felt that
the inereased vigor and yleld obtained by crossing two inbred lines of corn
were direct results of the heterozygosity of the hybrid plants. In 1910
Keeble and Pellew reported that the added height of the F; pea hybrids was
simply the result of a combination of dominant factors for larger size. It
was in 1914 that Shull proposed the term "heterosis" as a substitute for the
avkward "stimlus of heteroazygosity" and similar terms then in use.

In 1917 D. F. Jones revised the theory proposed by Keeble and Pellew to



take into account the facts then kmown about the linkage of factors. He showed
that if there were many different sets of factors responsible for the expression
of given trait, various linkage groups would exist. Desirable genes might be
linked with some undesirable enes. This was offered to counteract objectimns
to the earlier theory on the grounds that the distributions of succeeding
generations from an F; were not skewed and that superior strains somtaining
all the favorable dominant factors had not been obtained in one line through
inbreeding and selection.

In 1936 Bast proposed an explanation of hybrid vigor which eambined the
early idea of heterozygosis and the theory proposed by Jones. His idea was
that size traits were controlled by a large number of genes in different linke-
age groups, that dominance was not present, but that there were miltiple
allelic series. Bach geme affects a slightly different physiological condi-
tion, thus giving maximum vigor when all gene pairs are heterozygous.

Sprague (1946) stated that heterosis is more likely the result of the
action of dominant favorable genes than the result of physiological stimula-
tion resulting from genetic diversity. Also in 1946 Hayes stated that hetero-
sis results from several causes and he listed four of them: (1) partial domin-
ance of linked growth factors, (2) complimentary action of genes all of which
are necessary to condition the development of the character, (3) a reduction
of the nmber of deleterious recessive factors which are likely to be in a
homozygous ecandition, and (4) the increased stimulus from the heterozygous
condition of multiple alleles that may have different physiologic effects.

Richey (1946a) concluded that the interaction of dominant favorable
genes remains the most probable explamation for hybrid vigor and that highest
yields tend to be obtained when the best products of selection are used in
hybrid combination.



Crossbreeding Farm Animals

Considerable experimental work has been conducted during the first half
of the 20th century to study the effects of crossing various breeds of all
classes of farm animals, ILash (1945) has estimated that the increased per—
formance obtained by erossing breeds of farm animals for such traits as size,
fertility and growth rate is between two and eight percent.

Warren (1927) reported that birds resulting fram crosses between Single
Comb White Leghorn and Jersey Black Giant chickens were more productive than
either parent. The crosses produced 213 eggs as compared to 162 and 17 eggs
produced by the two parent breeds during the same period of time, Crossing
increased the hatchability of the eggs and reduced the mortality of the chicks.
Mature bedy weight and shank length of the crosses were intermediate to the two
parent breeds. In 1928 he reported that crosses between the Single Comb White
Leghorn and Rhode Island Red breeds were more visble and grew at a faster rate
than purebred offspring from the same hens. The crossbred chicks produced by
mating the Leghormn male to a Rhode Island Red female grew faster than those
produced by the reciprocal cross. Age of the crossbreds at sexmal maturity
was intermediate to the two parent breeds in this experiment.

In 1941 Hess, Byerly and Jull showed that ecrossbred broilers gained at
a faster rate and were more efficlent in the use of feed than the purebred
parental breeds.

Asmmdson (1942) erossed several breeds of turkeys and found that some of
the crosses exhibited considerably more hybrid vigor than others.

Crosshreeding of sheep has been practiced to a considerable extent in the
western range area, The use of long wool and mutton type rams on the fine wool
ewes has been found profitable for the sheep producers in this area.

Along the Gulf Coast, a common practice in beef cattle production has been



to eross the various British breeds of cattle with the Brehmen cattle from
India.

Black, Semple and ILush (1934) reported the results of an experiment cone
ducted on the King Ranch in Texas in which Brahmem bulls were bred to Hereford
and Shorthorn cows, Rhoad and Black (1943) gave the results obtained by cross-
ing Brahmaen ecattle with the Hereford and Angus breeds of ecattle in Louisiana,
Hybrid vigor was quite noticeable in such items as weaning weight of the calf,
weight at maturity, and rate of gain in feeding trials.

Hereford, Shorthorn and Angus breeds have been crossed at the U. S. D. A,
Experiment Station at Miles City, Montana, Phillips and others (1942) reported
that the crossbred calves were heavier at birth and at weaning time, made more
rapid gains in the feed lot and were less susceptible to digestive disorders
dwring the feeding period than purebred calves. No differences in the efficien-
ey of feed utiligation nor in the selling price of the two groups were found.

Crossbhreeding experiments with swine have been quite numerous. Although
results have varied somewhat, most of the evidence indicates that some system
of crossing breeds of swine results in inoreased performance.

Hammond (1922) stulied the veights and ages of the various breeds of swine
and their crosses which were exhibited at the Fat Stock Show held by the Smithe
field Club from 1901 to 1913. In several cases he found that the crosses were
heavier than the larger of the parent breeds. In other cases, the crosshred
animals were heavier than the average of the two parent breeds, but in one
ecase he found that one crossbred group was smaller than the average of the two
breeds.

Roberts and laible (1925) double-mated a Durce Jersey sow first to a Poland
China and then to a Duroc Jersey boar. Six purebred Duroc pigs at birth weighed
an average of 3.23 pounds while the four crossbred pigs averaged 3.75 pounds
at the same time. At 180 days only two of the purebred pigs were alive and



they averaged 185.5 pounds. The four crossbred pigs which had been under
similar conditions averaged 235.2 pounds at the same age., Shearer, et al
(1926) made the reeiprocal of the above cross and found that the purebred Poland
China pigs were heavier at birth, but the crossbred pigs gained weight more
rapidly after birth,

Winters and others (1935) made reeciprocal crosses between Poland Chinas
and Durocs and also between Durocs and Chester Whites. The crossbreds exceeded
the purebreds in litter weight at birth by 13.4 perecent and at weaning by 24.8
percent. They vequired 3.0 percent less feed and 8.7 percent fewer days to
reach 220 pounds in weight. When the crossbred gilts were tred to a boar of
a third breed, the advantage of the 3-breed cross pigs over the purebreds was
20,6 percent in weight of the litter at birth and 60,8 percent in litter weight
at weaning. The saving in feed was 3.8 percent and the time required to reach
220 pounds wes reduced by 8.6 percent. Some of the crossbred gilts were bred
to a boar of one of the paremtal breeds. These back-eross pigs were also super-
ior to the purebred plgs to about the same extent as were the first cross litters.

In a crossbreeding experiment ineluding the Tamworth, Yorkshire, Poland
China, Berkshirve and Duroc Jersey breeds of swine, Shaw and MacBwan (1936)
found no difference in the birth weights of the pigs. At weaning, however,
the crossbred plgs weighed 39., pounds while the purebred pigs weighed 35.7
pounds, The crossbreds gained .09 of a pound more per day and required 1l
pounds less feed per 100 pounds of gain than the purelweds.

A rather extensive study of the effeects of crossing the Poland China and
Duroc Jersey breeds of swine was reported in 1939 by Roberts and Carroll.
Purebred litters of each breed were produced along with crossbred litters and
litters which eontained both purebred and crossbred pigs. The crosshred pigs
on the average were heavier and more vigorous at birth as shown by scores given



10

each plg. More pigs were farrowed in those litters which contained both crosse
bred and purebred pigs. Purebred litters on the other hand contained more pigs
per litter and fewer stillborn pigs than the crossbred litters. Mortality
among the purebred pigs was a bit higher before vaccination than among the
crosstreds. In the feed lot the crossbred pigs gained 1,65 pounds per day
and required 402 pounds of feed per 100 pounds gain. The purebreds gained
1.59 poumds per day and requived 409 pounds of feed per 100 pounds of gain.

Hutton and Russell (1939) made reciprocal crosses between the Chester
Vhite and Yorkshire breeds. The sows producing ecrosstred litters weaned more
plgs per litter than did the sows of the same breed producing purebred litters.
The crossbred pigs were significantly heavier at 70 days of age, made faster
gains in the feed lot, and the gains were made somewhat more economically than
either of the purebreds.

Insh and co-workers (1939) published the results of crossbreeding siudies
conducted at the Iowa Station between 1926 and 1937. There were 108 litters and
1015 pigs in the study. About half of these litters were produced by the double-
mating of sows to a male of the same breed and one of a different breed at the
same heat period. A smaller percentage of stillborm pigs was found among the
crossbred pigs than among the purebreds. Survival rate among the crossbreds
until weaning was higher, and they averaged three or four pounds heavier at
weaning time than the purebreds. Again the crossbred pigs gained from .09 to
«12 of a pound more per day and reached 225 pounds final weight em 25 to 30
pounds less fesd than was required by the purebreds. Some of the crosshred
sows were bred, and they proved to be efficient producers when mated either to
a boar of one of the parent breeds or to a boar of a third breed.

Starkey and Godbey (1940) bred Berkshire sows to both Berkshire and Duroe
boars. Both purebred and crossbred pigs were raised in each litter. The cross-
bred pigs were heavier than the purebreds by .58 of a pound at birth and 12.6
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pounds at weaning, They gained .38 of a pound more per day in the feed lot and
went to market 28 days before the purebreds. They requirved 32 pounds of feed
per 100 pounds of zain while the purebreds required 335 pounds,.

Weaver (1940) at the Missouri Station double-mated six Duroc and six Poland
sows to Duroc and Poland boars, The crosshreds were slightly heavier at birth.
They were larger than the heavier of the purebred groups at weaning by about
two pounds. Twenty representative pigs from sach group were fed to an average
weight of 225 pounds. The crosshreds reached market weight two weeks earlier
than either purebred group, and their gains wers slightly more economical.

Headley (1940) reported that crossbred Duroe X Poland pigs when fed on
pasture gained more rapidly and used 22 pounds less concentrate per 100 pounds
gain than purebred Duroc pigs.

In 1942 Carroll and Roberts made a study of a large amount of published
data on the effects of erossbreeding in swine, They included only those experi-
ments in which the performance of the crossbreds and the two parental breeds
were reported separately. For crossing to be considered beneficisl the per-
formance of the crossbreds had to excell the performance of the better of the
two parental breeds in all of the following items: (1) mumber of pigs farrowed,
(2) birth weight, (3) survival ability, (4) weening weight, (5) average daily
gain, and (6) economy of gain., In their study they found that the erossbreds
vere intermediate in all traits to the parental breeds except that they were
equal to the better breed in survival ability and slightly better than the
high performing purebred parent in average daily gain. If the crosses had been
compared to the average of the two parent breeds, they would have been superior
in all respects exeept in mumber of pigs farrowed, However, they cencluded
that hybrid vigor cannot be expected in the majority of crosses between breeds
of swine. Rather, they looked upon it as a grading-up process, from the
poorer to the better purebred parent.
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Iugh, et al (1948) stated that the analysis used by the Illinois workers
%was biased systematically by two things. First, whieh was the better
of the tuwo breeds to be compared to the crossbreds was not decid-
ed until the results were lmoun and was decided separstely in
u&w This method lsads to the "better" breed being either

A or B or a mixture of them in the averages which are compared to the
erosstreds. This gystematieslly biases the evidence against the crogs—

MhMMMmmMBMWIy.

Bray (1948) compared crosshred pigs produced at the Iouisiann Statiom
with a herd of Production Registry Duroes. The crossbreds were the resulis
of rotating Duroc, Poland and Hampshire boars each peneration om the crossbred
gllts, The crosshred litters were 4., pounds heavier at birth, and fewer
crossbred pigs were lost before weaning. The average number weaned was nine
pigs per litter, weighing a total of 352 pounds at 56 days. No partienlar
superiority over the purebreds in rate and eeconomy of gain eould be detected.

In 1948 Robison published the results of several erosshreeding experiments
with swine in Ohio. In the experiment conducted at the Miami Stetion, first
cross, three-hreed cross, and four-breed cross litters were compared with an
outbred Duroc herd. At 120 days of age single cross litters were larger by
o3 of a pig end heavier by 180 pounds then the purebred Duroes. The three-
breed crosses were larger by .9 of a pig snd heavier by 105 pounds at six memths
of age, The four-breed eross litters contained 1.3 more pigs and weighed 335
pounds more than the purebred Durces at 180 days.

In the Paulding County test purebred Hampehires were eompared with eross-
bred litters. The crossbred litters were ,7 of a plg larger at 180 days and



weighed 200 pounds nmore than the purebred Hampshires.

In tho Madison County test croswbred litbers contzined 1.4 wmors pies and
weighed 292 pounds more than the surchred Poland China 1i¥t1;ers with whieh they
wers compared.

A% the main station vhen purebred Duroes were used as controls, erossbred
Berkshire X Durocs showed no increased vigor in rate and econony of gain up o
220 pounds, Poland I Durocs execeeded purebred Durocs by 07 of 2 nowmd per day
£ 'd made 100 pounds of gain on 10 pounds lsas feed than 4id tho purebred Duroces.
Three~breed crosges exceeded the Duroes by 05 of a pound por dey in gain from

birth and required avproximately 6 pounds loss fecd per 100 pounds. gained.

Inbreeding and Crossing of Inbred Lines of Animals.

The peneral effechs of inbreeding in corn and other plants weve determined
%Sy plant breeders during the early part of the eurrent ceptury. The usc of ine
bred lines for the commereial vroiuobion of core had already been sugnested bew
fore much data could be seccumalated on the effeets of inbreeding on animals.
Differences in tho nabure of the two classes of material make this readily
urrderstandable. Differcnces in rabos Qf roproduction and the possible types
of mabings pormit & much wors rapid rate of 'im;mediﬂg with plants then with
animals.

In 1918 and 1919 a series of papers were published by King reporting the
affects o~ inbresding in the albino rat. She (1918a) reported thet inbred
lines wers superior to conbrol oubtbred stock for growith rate and malure size.
The inbreds vere nob as heavy betweon the 16th and 25th generations {1919) as
they had beon up to that tize, Wul they wore still superior 1o stock rats
carried concurrently as cutbred conbtrols. |

Sha (1912b) also roported that the imbred lines averaged 7.5 youny per

litter as compared to 6.7 per litter for the ontbreds. Length of lifo of the
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rats inereased with the inbreeding, Differences in disposition between the ine
bred lines were noted. She (19186) also reported that, by seleetion and ine
breeding, the ratio of males to females had been altered.

Sewall Wright (19223, 1922b) analymed the date on the effects of inbreed-
ing and erossing of imbred lines of guinea pigs which had been aceumlated by
workers in the Bureau of Animal Industry of the United States Department of
Agriculture. This study included 23 inbred families deseended from 23 females
and nine males by brother-sister matings for more than twelve gemerations. When
these inbred lines were compared with a group of non-inbred controls which were
maintained under identieal conditions, it was found that the inbreds had suffer-
ed a genetic deeline in vigor in all characteristics studied. The decline in
fertility was greater than the loss of vigor in other respeets. Although most
of the families came from the same stock, a striking differentiation with re-
spect to traits commected with vigor was found smong them. There did not appear
to be heredity of general vigor. The average vigor of a family in one respect
was found to be in the main independent of its vigor in other respects. The
study demonstrated in animal material that one of the most important resulis of
inbreeding was the bringing to light and fixing of hereditary characters in a
family, Crosses between inbred families resulted in a marked improvement over
both parental inbred lines in all respects. A eertain portion of the inerease in
vigor of the flrst cross between inbred families was maintained en resuming ran-



provement is to be sought in a repetition of the process - the

isolation of new inbred strains from the improved erossbred stocks

followed ultimately by erossing and selection of the best crosses

for the foundation of the new stock."

In 1941 (a) Eaton reported that some crosses between inbred lines of mice
exceeded both parental lines, while some ecrosses showed mo increased vigor.
Three-line crosses exhibited more vigor than single crosses - especially as
expressed by fertility and viability. He (1941b) also reported the effects
of erossing inbred lines of guinea pigs. The greatest improvement in fertility
was obtained when twe strains, which were neither extremely high nor low in
fertility, were crossed. When erosses vere made between lines of high and low
fertility, the hybrid was usually somewhat intermediate. The same situation
was true for growth rate, but viability was increased in nearly all of the
erosses. Greater fertility and viability resulted from combining three
families then from a cross between only two of them,

Maw (1941) reported that crosses between related inbred lines of chickens
showed but little improvement over the parental lines in productivity, growth
and viability, Progeny resulting firom the crossing of unrelated inbred lines
were superior to the parental inbred lines and to random bred controls. In
1942 he showed that the use of inbred males on outbred females gave progeny
which were more productive than crosses between related inbred lines. However,
erosses between unrelated inbred lines were superior to the topeross progeny
and random btred Leghorns both in egg production and viability.

MePhee (1930) reported that in general there had been a deeline in vigor
in the inbred lines of Chester White, Poland China, andi Tamworth swine at
Beltsville., The reduction in weight of the pigs at birth was slight and in-
consistent. A rather definite decrease in weight of inbred pigs at weaning
was observed, and mortelity was especially high in the Poland China line.
Segregation for color factors and swirls was observed. He reported (1931)that
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the attempt to establish a line of Poland China swine by mating of fullesibs
had failed, due to a decreased fertility and a high mortality rate.

Godbey end Starkey (1932) mmmarized the results of 63 litters of Berke
shire swine which were intensively inbred. There was no correlation between
the inbreeding of the litter and the birth weight of the pigs. However, the
more highly inbred pigs were definitely smaller at weaning time.

Hodgson (1935) found that a decrease of about 2 pigs per litter at farrow-
ing had resulted from inbreeding Poland China swine. In the £ifth and sixth
generations of full-gib matings, one inbred line raised 73 percent of the pigs
farrowed while another vaised omly 38 percent. These figures were compared to
77 pereent raised in an outbred herd. Twenty-two line cross pigs resched 200
pounds weight four weeks earlisr than 16 outbred pigs snd seven weeks earlier
than the inbred pigs.

Willham and Craft (1939) found that inbred Duroe litters after about
eight generations of halfesib matings had decreased from 8,9 pigs to 5.3 pigs
farrowed. There had been no decrease in an outbred herd maintained as a conw
trol. The inbred pigs were 34 of a pound smaller than outbreds at birth, and
2.9 pounds lighter at weaning time. mmwmmmm
those from the inbred line at all ages. Inbred pigs required approximately
21 pomds more feed than the outbred pigs to put en 100 pounds of gain., Death
losses throughout the growing and fattening period were greater in the inbred
than in the outbred group.

Baker and Reimmiller (1942) studied the effects of inbreeding on perfor-
mance traits in swine at Nebraska., Based upan the regression of performance
upon season, when corrected for age of dam, the data did not indicate any
definite trend for the nine seascns in the mmber of pigs farrowed, the mmiber
of pigs farrowed alive, the mmber of pigs weaned, the weaning weight of litter,
or the produetivity index of the dem. They concluded that there had been no
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marked deterioration in the four lines of inbred swine due to inbreeding. Asctual-
1y the regression of 180-day weight on season was positive and highly significant.

Winters, et al (1944) found that the inbreeding of the dam was a more im-
portant factor in determining number of pigs farrowed than the inbreeding of the
litter.

Camstock and Winters (1944) reported that the selection practiced at the
Minnesota Station had been elfeetlive in raising the average daily gains in the
inbred lines at that station. However, inbreeding had depressed litter size
in spite of selection for this trait.

In 1943 Winters, Comstoek and Daily reported that a cross between the
landrece and Tamworth breeds of swine had been used as a foundation for the
Mirmesota #1 breed which at that time had inbreeding coefficients of 24 pereent.
The wide segregation and general deterloration in performance generally believed
hmthmbmtwgwamnmmummmm.

In 1948 Winters, et al reported that inbred lines had been developed
without a sericus decline in vigor. Hybrid vigor was obtained when the lines
were crossed. The crosses of lines from different breeds exhibited more vigor
than those between lines of the same breed.

Willhan (1944) found that erosses between inbred lines within the Duros
breed gained faster than either outbred or erossbred pigs.

Winters, et al (1944) reported that line cross pigs were superior to the
inbred parent lines in fertility, survival, rate of gain, economy of gain, and
score for body conformation. They were also superior to selected non-inbred
pigs used in feeding experiments in the mid-west. These workers pointed out
that superior lines appeared to produce the superior eroasses.

mmmwﬁ%).mmam:wmm
weighted mean differences between inbred and line cross litters, found that
hybrid vigor in the plgs was grester in viability than in rate of growth. The
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erosses exceeded the inbreds in total litter weight at 154 days by 72 percent.
They grew more rapidly from 84 days of age to 225 pounds, but they required as
much feed per unit of gain as did the inbred pigs. The performance of these
single aross Poland China litters, out of dams whose inbreeding coefficients
were .28, averaged aboul the sams as published data on outbred Poland Chinas
in Experiment Station herds.

In 1947 Dickerson. and co-workers from four of the cooperating stations of
the Regional Swine Breeding Leboratory obtained intra-season differences between
inbred and single cross litters within line of dam. There were 240 inbred and
158 line cross litters of the Poland China breed and 298 inbred and 176 line
eross litters of the Duroe breed. For each 10 percent rise in litter inbreed-
ing, independent of age and inbreeding of the dams, the deeline averaged in
litter size 0.2 of a pig at birth, 0.4 of a plg at 21 days, 0.5 of a pig at
56 and 15, days. In pig weight there was no deeline to 56 days, but a decline
of 3.6 pounds was found at 154 days. The rate of decline was similar for the
same breed at different stations, but was faster for Durccs than Poland Chinas,
especially in litter size.

Sierk (1948) reported that erosses of inbred lines within the Poland China
breed resulted in inereased vigor. Orosses between lines of different breeds
showed a greater increase in performance than those between lines of the same
breed.

‘Warwlck and Wiley (1949) found that crosses between an inbred Chester
White line and a Iendroc line were heavier at 15, days of age than outbred and
crossbred swine at the Indiena Station,

Squiers, et al (1949) veported that both inbred and line cross gilts
produced about 11.0 ova at the first estrus which occurred about one month
earlier for the line cross gilts than for the inbreds.
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DESCRIPTION OF THE DATA

During the past eleven years the Oklshoma Agricultural Experiment Station
in cooperation with the Regimal Swine Breeding Leboratory has been develop-
ing inbred lines within the Duroc breed of swine. In sixteen of the twenty-
two farrowing seasons from the spring of 1939 through the fall of 1949, both
inbred and line cross litters were produced. In some seasons outbred Duroc
and three-line cross litters were farrowed. The pigs were individually identi-
fied by ear notches at birth, and weighta were recorded on each pig at birth,
2l days, 56 days, and 180 days of age.

In analyzing the data for the present investigation the following intra-
seagon comparisons were madet

I, Inbreds versus single crosses within the same line of dam.

II. Average of the two peremtal inbred lines versus single crosses.

III. 8ingle crosses versus three-line crosses.

IV. Three-line crosses versus outbred Durocos (eonventionally bred Duroecs
produced by the mating of non~related non-inbred irdividuals).

V. Single crosses versus outbred Duroes.

The mmber of litters in each of the comparisens and their distribution
by season are given in Tables 1 and 2.

Birth and 56 day records were included for 444 litters, but 21 and 180
day records were available for only 371 litters. In 1949, 21 and 180 day re-
cords were not available on 73 litters. The recording of 21 day weights was
discontinued this year, and eamplete litters were not fed from weaning to 180
days.

Dams of both inbred and line cross litters were from seven different in-

bred lines. Idne 3 was the only line regularly represented throughout the
period covered by this study. This line was started in 1938. The foundation
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stock congisted of ten females purchased from the Cameron herd located at
Herman, Nebraskas and one bred gilt selseted from the Joe Pudenz herd at
Carroll, Iowa. The three foundation boars were the aires of four litters
purchased in dam from these two herds. Singe 1939, this line has been bred
as a closed line, During the period from 1940 te 1942, the line was split
into two sub-lines, but they were later combined again into one line. The
average inbreeding for the line has risen from almost zero in the first year
of this study to approximately 25 pereent in 1949, The average inhreeding of
the boars and sows, welghted by the mmber of litters they produced in this
study, was 16,4 percent. The growth rate of the pigs and the productivity of
the sows have been above average. The type of this line would be considered
intermadiate. |

Iine 1 was used considersbly during the first six years, tut this line
mwmlﬂémwitspmpmmummnm. In
1923, three souws and one boar from the Oklshoma A, and M, College hexd were
placed on an inbreeding experiment. Their descendants were bred by half-
brother X half-sister matings wntil 1938, At this time, several sows of the
line were bred to an unrelated ocutbred boar. Several individuals from this
outeross were introduced into the line. It was then bred as a closed line
‘wntil 1946. The average inbreeding of this line during the time it was used
in this study was 37.2 percent. In contrast to other lines in this study,
the average inbreeding of this line did not vary greatly from season to season.
Mortality rate was quite high, and the growth rate of the inbred pigs was
definitely low in this line. That the sows were good mothers was indieated
by the performance of their non~inbred litters.

Iine 2 contributed only a few litters to this study., The average inbreed-
ing of the line at the time it was culled in 1941 for poor performance was
asbout 17 percent.



Lw 4 ndividuals which produced only a lindted mabor of 1itters ine
cluded In this investigation, were only 7,1 peroont inbred on the average.
The founiaticn animels were guite produstive bub the line wms cullad in 1943
bocause inverted nipples had become fixed In the line,

In 1942 the fomdation stoghk for Iine 5 was sogaived firem four different
havds. In 1946, an cuboross was made by aiding breeding stock from e £ifth
herd, Bxcopt for litters prodused during 1947, 1942 and 19, this line was
not wifernly inbwed. The avexage inheseding of the individusls produsing
either 1w eross or Inbred litters was 100 povemni, Individuals in this
ling were falrly long bodied, loggy, and & bit coarse. The sows woe good
producers but sombet nervous.

In 1943 sovemml sots of littar mates wore purchased and somo of them mated
beother X sister to form ldne 6. Saw of the fomiation enimals, which were
not inbred, as well as a fow of the first gmemiion Inbreds vere arossed with
other lines. The inmdividmls vhich produced litters that wore ineluded In
the present invostigetion were maly «ligtly inbred - 3.3 porcent on the
aTVETege.

line 7 was formed Ly crossing three boars and oo sow from one fullgdd
group of Line 6 with line 1. The papents of this growp of full-eibs had come
fron the herd of Willard Klodn at Iown Falls, Jowa. Ths awmags intwoeding
of the inlividuals of this lino which emtriluted offepring to the staly was
1344 pevesnt, This lino was disearded in 1949.

The lines used in crosses were in cach case mrelated cxwept insoler as
they belonged to the smme tewed. Lines 1 and 7 ave the only lines with a
comm origin, and these lines were never crossed. Actually ling 7 s an
cateross descendent of line 1 and replaced line 1 in the emperiment. Fomda-
tin stook for the lines came fron quite diverse stook within the Duroc hreed.
This may have soms bearing on the rusulis obtained by crossing lines.



The general practice in the experiment was to produce litters both in
tho spring and in the fall, The litters were farrowed in a central farrowing
barn and the sows and litters were moved to small houses on pasture after
three to four days. The pigs were creep-fed and the sows were fed standard
rations. The pigs were weighed at 21 days, vaccinated for cholera and castrated
befors weaning., They were weaned for the most part at 56 doys. The weights
of the small number of litters which were not weaned on the 56th day were
corrected to 56 dsy welght using correction factors reported by Whatley and
Quaife (1937).

After weaning, the pigs were fed in groups sarted aecording to age and sex
of the pigs. Weights were taken every two weeks after the pigs were five
months old and the weights nearest 180 days were adjusted to that age. The
rations =nd systems of managament have changed slightly from season to season
but the various lines and crosses received comparsble treatment within the
same season.

Rotatlon of pastures for control of internal parasites was practiced, bub
the rotation was inadequate resulting in considerable difficulty with round-
worms, especially in the last five years, Within recent years routine treat-
ment for roundworms in the growing pigs was practiced. This troatment was
beneficial but did not give complete comtrol. The herd has been clear of
inf'ectious abortion and no serlous outhreaks of disease ogcurred during any
of the seasons included in this study. Isolated cases of verious skin dis-
orders have occurred, the cause of which has not been determined.



MEASURES OF PERFORMANCE

A review of the literature reveals that the inereased vigor obtained by
crossing inbred lines ef laboratory and farm animals might be expressed by one
or more of the following: (1) larger size of the litter at birth, (2) inereased
viability, (3) inereased growth rate, and (4) more efficient use of feed, The
items of vigor were not shown to be highly correlated, although rate and effi-
clency of gain have sometimes shown a very close association. Inbred lines
were formed which were characterized by various combinations of traits,

During the formation of the inbred lines of swine, a vredustion in the
number of live pigs farrowed per litter was generally noted. A higher percent-
age of these inbred pigs died before reaching a marketable weight. The pigs in
many of the lines grew at a slower rate, and in some of the lines, they requirved
more feed per unit of gain,

Crosses between the various breeds of swine were reported to be superior,
on the vwhole, to the average of the parental breeds. In most instances, the
erossbred pigs were more vigorous as shown by larger mmber of pigs per litter
and by a more rapid rate of gain, They reached market weight from one to three
wesks earlier than the purebreds. In some cases this resulted in a considerable
saving in feed cost. In crosses betuween inbred lines within the same breed,
Dickerson found that most of the vigor expressed was in the form of increased
viability, although there was a general tendency for a greater proportion of the
faster growing pigs to survive.

The muiber of pigs raised per sow and the growth rate of the pigs to a
marketable welght are two important considerations in swine preduction. Since
hetercsis may be expressed in either or both of these factors, total litter
welght was selected as the ane best over-all measure of performance for this
investigation., It is comparable to "yield per acre" which has been widely



used in variety tests by the plant breeder.

Barlier studies have emphasized the extremely important role of the sow in
providing the proper envirommental conditions for the litter during a relative-
1y long period of time, The first 11/ days of the pig's 1ife is spent in the
uterus of its dam where it is completely dependent upon the sow for its nourishe
ment, From farrowing wuntil sbout 21 days of age, the litter depends almost
exelusively upon the milk of the mow for its growth, Milk remains an Important
constituent in the diet of the pig wntil it is weaned, but it begins to est
supplemental feeds at about three weeks of age. Ib, therefare, becomes less
dependent upon the direct mothering ability of its dam as it grows older. Whe-
ther a litter is heavy or light at weaning time is certainly influenced o a
groat extent by the fertility, temperament, and milking capacity of its dam,
The previous treatment of the litter by its dam undoubtedly influences its
post~seaning performence. However, all litters depend upon the same source of
foed between weaning and six months of age, Genstic differences among groups
of pdgs are more likely to be detected between weaning and six months of age
because envirommental conditions are more nearly alike for all groups at this
time, However, litter welghts at birth, 21, 56, and 180 days were studied in
order to determine the time at which any expression of heterosis might first
becone evident.

Along with the litter weights at the four different ages, i1t was decided
that the mmber of live pigs would give sn indication of the relative Importance
of fertility and/or viability on litter weight.

Rate of gein of the individual pigs from sbout weaning time to market weight
of about 225 pounds, along with the smount of feed consumed per one umdred
pounds of gain, were the measures used for checking the differences in perform-
ance in one group of pigs. This group of test litters were samples drawm from
the larger group of litters farrowed in these seasons. They permitted & more



direch moasurenent of bhe posheyenning zaton of gain. Theoy were the only

neasures availabls for cheeking eificlency of feed ubilization in this sbudy,



METHOD OF ANALYSIS

Other than the breeding of the litter same of the sources of variation
which were considered important in determining total litter weight and mumber
of pigs per litter were: (1) seasomal fluctuations in environment and changes
in management from season to seasan, (2) age differemces among the dams, (3)
differences in maternal abilities which may be characteristic of different lines,
and (4) differences in the coefficients of inhweeding among sows of the same
line,

For this study all litters farrowed by sows were corrected to a gilt
equivalent using correction factors obtained from the date and presented in
Table 5. The analysis was restricted to comparisons within the same season so
that changes in management and unavoldable differences due to season would be
minimized. This restriction automatically reduced the mean differences in the
. eoeffieients of inbreeding among the sows of the same line.

In Comparison I, the mean differences were restricted to those between in-
bred and line cross litters produced by the same line of dam. Obviously this
restriction could not be made in the other comparisons which include the follow-
ings II, in vhich the single crosses were compared to the average performance
of the two parental inbred lines; III, in which the single crosses were compared
to three-line ecrosses; IV, in which outbred Durcc and three-line cross litters
were compared; and V, in which single crosses were compared to outbred Durces.

There were unequal mmbers of litters in the various lines and seasons,
Yates (1934) suggested a procedure for weighting the mean difference in pro-
portion to the reciprocal of its variancs. The formila for this and a set of
data to illustrate the procedure used are given in Table 3. This system for
weighting the mean differences places most emphasis upon those comparisons which
are most reliable from the standpoint of number and distribution of litters.
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Dickerson (1946) used this method for weighting mean differences on simi-
lar data and suggested its use in the present investigation., A sample amalysis
of variance of the data used in Table 3 is given in Table 4, It illustrates
the procedure used for testing the significance of the weighted mean differences
obtained for the various items.
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CORRECTICN FACTORS FOR AGE OF DAM

A preliminary analysis of the data revealed that the dams of the inbred
litters were approximately ane~third year older than the dams of the line
eross litters. Since very few sows in this study were more than two years
old, this difference was a very important source of blas in favor of the per-
formance of the inbred litters. It is known that the reproductive capacity of
the sow increases rather sharply from twelve to eighteen months of age. In
addition to this source of bias, the sows which farrowed more than one litter
were selected on the basls of their provious litters. These two items in
favor of the inhred litters were sufficient to mask or reduce the expressions
of hybrid vigor when the line eross litters were compared to inbreds within
the same line of dam. The greatest effect of these factors on litter performance
occurred at birth and at 21 days of age, but the same effect was evident at
weaning and to a lesser extent at 180 days of age.

If the comparisons were limited to those litters which were from sows of
thamago,-themuotnthrsuhhhcmﬂdbwfcmﬂphmn-
daced to about one-third the total mumber available when age of dam was ignored.
Although the mumber of litters was greatly reduced, it was found that when there
mmdiffmint&nagugftbsdmthonmmlﬂtmmmm
to the inbred litters in performance at all ages.

In order to make maximum use of all available information in this study,
a set of correction factors was camputed from the data so that the effects due
to differences in the age of sows might be minimized.

The procedure was to obtain the weighted mean differences between the gilt
litters and those from the sows of the various age groups. OComparisons were
confined to those which occwrred within the seme season. A separate set for
inbred and non-inbred litters was obtained. Although the differences were
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somewhat larger between the age groups when they were producing inbred litters,
the two groups were pooled to obbain the fastors used in this study. If
thelr use in this study was a source of error, the bias was relatively amall
and In favor of the inbred litters.

It should also be realized that there is some correction for the selec-
tion of the sows in this age correction. Therefore, the use of these factors
may not be of value in another herd where selection of sows may have been of
different intensity.

The factors given in Table 5 were used to correct all sow litters to a
gilt equivalent age. Although published correction factors at all ages were
not available for comparison with these, those obtained from this study are
larger than those reported for mmbers of pigs at birth and weaning. One
possible explanation was that this population of older sows mey have been more
highly selected than those in the other studies. In additian the inbreeding of
the sows within this study might have caused a greater spread between their
performance as gilts and as older sows if the inbreeding has cmused a delay in
sexual maturity of the gllts. There is some experimental evidence that this
delayed sexual development has occurred in some inbred 1ines.
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RESULTS

The study has been divided into five different comparisons. Bach one of
them wvas studied to gain information of a different nature., 8ince many of the
litters have been used in more than one comperison, it mmst be pointed out
that some of the studies are not completely independent, However, this does
not invalidate the conelusioms drasm. The results of each comparison will be
presented separately.

Caonparison I

The weighted mean differences between inbred litters and line cross litters
with the same line of dam were obtained aceording to the procedure outlined
earlier., This comparison included 145 inbred litters and 120 line cross
litters in 14 seasons. The distribubtion of these litters by season and line
of dam is presented in Teble 1., The results are presented in Teble 6. There
was no difference in the inbreeding coefficlents of the dams of the two groups
of pigs. The inbred pigs had goefficients of inbreeding which averaged .22
while the line cross litlers were not inbred. 7The sires of the inbred litters
were not quite so highly inbred as those of the line cross litters, but line
and inbreeding of the sire were ignored in this comparison. The line cross
litters were heavier then the inbreds at birth, 21, 56, and 180 days by 1.22,
742, 23.5, and 180, pwxnds vespectively. AL the same ages the line cross
litters contained 0.43, 0.76, 0.85, and 1,08 more live pigs than the inbred
litters. In total number farrowed the average difference in favor of the line
eross litters was 0,58 of a pig.

The differences in mumber of pigs per litter at 21 and 56 days and the
difference in litter welghts at 56 days vere significant at the 5 percent
level of probability ms shown in Table 7. The differences in both mumber of
plgs per litter and litter weight at 180 days were significant at the 1 pereent



Table 6.
WEIGHTED MEAN DIFFERENCES WITHIN SEASON, AGE OF SOW
CORRECTED T0 (HE YEAR.
Camparisons
& AL bk - 4

Fx of litters - 223 - 268 0 0 0
Fx of sire + 148 + 8% -1 +13% +29%
Fx of dam 0 - 5% -2% 0 + 25%
ﬁﬁ%. +0.58 + 0.7% 3 &:‘ +0.93 -0.97
No, live pigs + 0.43 +0 + + 1. A7* -0.92
Live wt. litter(lbs) +1.22 + + 2.94% + 275" - 2,01
. Pl + 0.76% +0, +1.35%  + 1.60 -0.39
Litter wt. (1lbs) + .42 +8. +9.55% +13.01 - 5.1
- + 0,85% + 0.88 + 1.20% + 1.49 - 0.28
Litter wk. (lbs) + 23.50% +30.210 +29.68% +28.73 -13.34
+ 1088 +1.30 + 1.66 +2.19 - 035
Litter wb. (1bs) +120.9% +235.0 +207.8% +328.8 -13.5

quﬁlﬁm&m

level. In Comparisen I the mean square far Hoterosis X Line of Dam within
Season was used as the errar term for testing the signifieance of Weighted
Mean Heterosis (Weighted Mean Differemce) and Heterosis X Season. lNone of

the interagtions of Heteroais X Season were significant, If the sums of squares
and the degrees of freedom for Heterosis X Season and Heterosis X Line of Dem
vithin Sesson were pooled and used as the error term, the differences in
number of pigs per litter and in litter welghts at all ages, except at birth,

This comparison gives an estimate of the effect of the heterozygosity of
the pigs on litter performance when line and inbreeding of the dams are the
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same. The weighted mean differences in litter weights for each of the compari-
sons at birth, 21, 56, and 180 days are presented graphieally in Figures 1, 2,
3, and 4.

In Table 8 the mean performance of the 145 inbred litters is presented
under Comparison I, The increased performance of the 120 line cross litters
in this comparison (expressed in percentage advantage) is also given. These
advantages are grephically presented in Figure 5. It is interesting that a
6.0 perecent increase in number of live pigs per litter at birth wes associated
with a 7.1 percent increase in live weight of the litter at the same time. At
21 days the line cross advantage in number of pigs was 13,5 percent while the
advantage in 21 day litter weight was 1li.l percent, Corresponding increases
in muber of pigs per litter and litter welght at 56 days were 15.8 percent
and 17,9 percent and at 180 days were 23.6 percent and 27.0 percent,

These figures clesarly reveal that the differences in the number of live
pigs and in litter weight increased as the pigs grew older. At the same time
they suggest that the differences in litter weights were due largely to the
inereased viability of the line cross pigs. The increased number of live pigs
per litter was sufficient to account for sbout 85 pereent of the difference in
litter weight at birth, 96 percent of the advantage at 21 days, 88 percent of
the increase at 56 days, and 87 percent of the difference at 180 days.

Effieciency of Gain
During twelve of the seasons line cross and inbred pigs with the same line
of dam were placed on record of performance test shortly after weaning. Usually
four plgs from each litter tested were fed a standard ration in dry lot from
weaning to approximately 225 pounds weight. The distribution of the 49 line
eross and 52 inbred litters by season and line of dam is given in Table 1.
There was no difference in the average initial weights of the two groups of



ANALYSIS OF VARIANCE FOR COMPARISQN I
(SINGL: CROSBSES MINUS INBREDS WITHIN LINE OF DAM)
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Table 8.
MEAN PERFORMANCE AND FERCENTAGE ADVANTAGE IN LITTER WEIGHTS AND NUMBER
OF PIGS PER LITTER AT FOUR DIFFERENT AGES,

Total musber farrowed 7.54 7.7 747 9.9 7.66 21.4
Live pigs farrowed 7.1 6.0 6.8 7.29 18.7
Live litter welght 17.14 83 10,0 17.6. 16,7
% 5.62 13.5 5455 133 6439 18.0
Litter we 52.78 4.1 51,06 17.2 61,31 15.6
m;dgs 5.37 15.8 5425 16,8 6.27 19.0
Litter weight 131.3 17.9 13,9 2pody 159.4 18,6

r of pigs 458 23.6 602.” 30,1 5466 29.3
Litter weight 669.4 270 9 38.7 889.3 33.5
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pigs nor the average inbreeding of their dams. The line cross pigs gained
.03 of a pound per day more rapidly than did their inhred comterperts. They
requived six pounds less feed per 100 pounds of gain than did the inbreds.
These differences were not significant at the comnonly accepted level of
probability, However, the increased rate of gain found here checked closely
with the inereased litter performance in Comparison I, after increased muiber
of pigs per litter had been considered, The small diffevence in favor of the
line cross pigs in efficlency of gain is not greatly different from other re-
ports in this respect.



Comparison II

The performance of line or breed crosses has often been compared to the
average performance of the two parental lines or breeds in other studies of the
effects of crossing. There were ten seasons in this study in which line cross
litters and inbred litters of both the paremtal lines were produced. Table 2
gives the distribution of 127 inbred amd 76 line cross litters by seasons. The
weighted mean differences within season for the mumber of pigs per litter and
for total litter weights are given in Table 6., The differences in favor of the
line cross litters are somewhat greater in thls comparison than those in Compari-
son I, The differences in litter weights iIn favor of the crosses in Comparison
II were 1.68 pounds at birth, 8.76 pounds at 21 days, 30,21 pounds at 56 days,
and 235.0 pounds at 180 days. Ceorresponding inereases in mumber of live pigs
per litter were 0.48, 0.74, 0.88, and 1,31. The mean performance of the 127
inbred litters in this comparison (Table 8) was somewhat lower than the inbreds
of Comparisen I, thus accounting for some of the increased advantages of the
line cross litters in this comparison. An examinatien of Figure 6 reveals that
between 70 and 80 percent of the increased litter weight at the different ages
may be attributed to an increased mumber of live pigs per litter.

MdWMMHMNMﬂWMHMh%m
son had been used in Comperison I. For this reason no test for statistical
significance of the differences was made.
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Comparison III

Some of the line cross gilis were bred to an Inbred boar of another line
and produced litters designated as "ghree-line cross® litters. During five sca-
sons they occurred along with single cross litters. A direct comparisan of the
tuo groups gave a measure of the effect of the heterogygosiiy of the dam in come
bination with that of their litters., Table 2 shows the distribution of the 74
single cross and 24 thres-line cross litters by seasoms. MNelther of the groups
of pigs were inbred, but the single cross litters were farrowed and nursed by
sows which had inbreeding coefficients of .24. The weighted mean differences
in mmber of pigs per litter and in litter welght at all ages (Table 6) were
quite large and very consistent from season to season in faver of the three-line
cross litters. In litter weight the three-line crosses exceeded the single
erosses hy 2,94 pounds at birth, 9,55 pounds at 21 days, 29.68 pomnds at 56
days, and 297.8 pounds at 180 days, Their advantage in mmber of live pigs
per litter at the same ages were 1.36, 1.15, 1.20, and 1.66. When these welighted
mean differences were converted to percentage inareases over the mean performence
of the single cross litters (Table 8), a striking difference betwsen this compari-
son and the two preceding ones became apperent. This is shown in Figure 7. At
birth, 21 days, and 56 days the three-line eross litters showed a greater advane
tags in mmber of live pigs than in litter weight. At 180 days the 29.3 percent
increase in number of live pigs per litter was assoclated with 33.5 percent in-
erease in litter weight. Apparently defore weaning, the inerease in number of
live pigs in the three-line cross litters had been large emough to reduce the
growth vate of the individual pig below that of pigs in the single cross litters
vhich were smaller in mmber of pigs. The fact that they gained more rapidly
betueen weaning time and 180 days of age indicates the three-line eross pigs
had the ability to gain as rapidly as single crosses, but that their preweaning
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enviromment was not opbimum for maximm growth.

Although there were only five seasons in this comparison and a large value
of "F® was required for statistical significance, it will be noted in Table 9
that all of the weighted mean differences for both rnumber of pigs and litter
weights were significant except nmumber of pigs at 180 days. In Comparison III,
IV, and V, the mean square for Heterosis X Season had to be used as the errar
tem for testing the significance of the Weighted Mean Heterocais,

ANALYSIS OF VARIANCE FOR COMPARISON IIT
(THREE-LINE CROSSES MINUS SINGLE GROSSES)

a., HNumber of Pigs per Litter




CUMPARISON IV

During three seasons, three-line cross litters oceurred along with outbred
Duroc litters. Sinee only 23 three-line cross litters and 14 outbred Duroe
litters vere involved, conclusioms drewn from this comparisen mist be tentative.
However, the differences are given in Table 6, and along with the other compari-
gong, this one adds information which is needed in arriving at methods for the
use of inbred lines of swine.

In Camparison IV neither the litters nor their dams were inbred, The sires
of the three-line crosses had inbreeding coefficients which averaged .13, and
the outbred litters were sired by noneinbred boars. The differences were again
in favor of the three-line cross litters. The magnitude of the differences were
roughly the same as their advantage over single cross litters in Comparison III.
Their advantages in litter weights were 2.75 pounds at birth, 13.01 pounds at
21 days, 24.73 pounds at weaning time, and 348.8 pounds at 180 days. In mumber
of live pigs per litter the corresponding inereases were 1l.17, 1.60, 1.49, and
2,19 pigs. msmwmmmwnmmm-
compensated for the inereased litter weight at birth, 21, and 56 days of age.
At 180 days not only were there more live pigs per litter tut the individuals
were gaining at a faster rate, therefore, glving a total litter weight advan-
tage of nearly 350 pounds at six months of age.

Analysis of variance (Table 10) shows that the differences in musber of
live pigs per litier at birth as well as the difference in birth weight were
significant at the 5 percent level of probability. Data were availsble for
only two seasans at 21 and 180 days 0 no analysis at these dates was made.

Although the mmber of lititers and seasons is not as large as one would
like for this particular comparison, the results may be indieative of what can
be expected from the use of inbred lines. The line cross gilis are evidently
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qiite efficient as producers of pigs. Thelr increased productivity over the
mean performance of the outhred Duroecs is given in Table 1l.

ANALYSIS OF VARIANCE FOR COMPARISON IV
( THREE-LINE CROSSES MINUS OUTBREDS)

a. Number of Plgs per Iitter
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MEAN PERFORMANCE AND PERCENTAGE ADVANTAGE IN LITTER WEIGHTS AND NUMBER

OF PIGS PER LITTER AT FOUR DIFFERENT ACES

ey

Idve litter welght

Humber of pigs
Litter weight

Litter uu;?

At 180 Dayg
Number of pigs
Litter weight

794,.9

-

Comparison V

25.2
23.0

3.3
16.2

3846
43.9

6.7
16943

5463
7540

~11,0
=-11.0
- 9.9

- 5n9
- 8.3

- A2
- 7-9

- 6.2
- 103

119



COMPARTSON V

Ninoty-five line cross and 31 cutbred Daroc litters were produced during
seven of the seasons included in this study. Most of the outbred Duroe litters
were produced by sows which had been purchased as foundation stock for new
lines, The line eross litters incluled all those which were produced in the
same seasons in which the outbreds oeccurred. Many were ineluded in ome or |
more of the other comparisons but some had not been used before, Fourteen of
the outhred litters had been included in Comparisen IV.

The dams and sires of the line cross litters were inbred 25 and 29 percent
respectively. The welghted mean differences, although very inconsistent from
season to season, were slightly in favor of the outbred Durec litters (Tehle
6). Outhred litters welghed 2,01 pounds more at birth, 5.31 pounds more at
21 days, 13.34 pounds more at weaning and only 13.5 pounds more at 180 days.
The ocutbred litters contained 0,92 more live piges at birth, 0,39 more at 21 days,
0,28 more at 56 days, and 0.35 more pdgs at 180 days. In making this comparison
the mean performanse of the outbred litters was subtracted from that of the
gingle cross litters. That resulted in weighted mean differences which were
negative. Vhen these figures were comverted to percentages ( Table 11) and
plotted in Figure 9, two interesting observations were made, The increased
mmiber of plgs per litter at 21 and 56 days of age was not large enough to
account for the inereased weight of the outbred litters., This indicates that
the non-intred mothers were providing z better enviromment for their plgs then
the inbred dems of the single cross litters.

A% 120 days, the mean difference in the mumiber of pigs per litter in faver
of the outbreds was large enough to account for three and one~half times as
mich difference in total litter weight as actually existed at that time. This
indicated a faster rate of gain for the line cross pigs after weaning.
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Statistieal analysis of the data resulted in "P® values indieating no more
than sampling variations between the two groups at all ages, both for number of
plgs per litter and for total litter weight (Table 12). Wnbma,m
weighted mean differences were amall, and a check of the data by seasons revealed
that the differences were not consistently in favor of the outbreds.

~ The results from Comparismms IIT and IV also indicated that no differences
mhhmﬂ“lﬂnmmmﬁmlﬁmmﬁusﬂ;
When the data were checked, it wms noticed that one particulsr eross bstween tuo
of the lines had been largely responsibls for the negative mean differences in
tﬁﬂaphaaatthem. These particular litters had even poorer performance
records than the average of thelr parental lines within the same season.



ANALYSIS OF VARIANCE FOR COMPARISON V
(SINGLE CROSSES MINUS OUTBREDS)

a. Number of Pigs and Litter Weight ab Birth and at 56 Days

Sourge of Vardation D, F,
Wttd, Mean Hoterosis 1
Heterosis X Seagon 6

Source of Vardation D F.
Wt'd, Vean Heterosio 1 2.27 421 1.81 2,725
Heteroslis X Season 3 230 241 3-61 84,7&6
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DISCUSSION

In gereral the results of this investigation were in line with the results
obtained by other investigators on the effect of inbreeding, or its converse,
the effect of crossing.

Dickerson, Lush, and Culbertson (1946) erossed inbred Poland China lines
in 1942 and 1943 at the Iowa Statlon. They caleulated the intra-season
weighted mean differences between the line ecross and inbred progeny of the
same boar. The differences were adjusted to zero mean difference for age and
inbreeding of the dams by multiple regression. They found that the line cross
litters exceeded the inbred litters in number of pigs at birth, 21, 56, and
154 days by 0.9, 1.3, 1.3, and 1.4 pigs respectively. In litter weights
corresponding differences in favor of the line crosses at the same igil were
3.1, 16.0, 55.0, and 290.0 pounds per litter.

These differences are somewhat larger than weighted mean differsnces
found in Comparisen I, in which the inbreds were compared to line crosses with
the same line of dam. However, the mean performance of the inbred litters in
the Iowa experiment was much inferior to the performance of the inbreds in
Comparison I, both for number of pigs per litter and for litter weights. The
inbred Poland China litters were more highly inbred than the Duroc litters
in this investigation. The mean differences between the inbreeding of the
inbred litters (42.4 percent) and the iine cross litters (5.8 percent) was
36.4 percent in the Iowa experiment, The differences obtained for each of
the items of performance were then expressed by the Iowa workers as "decline
per 10 percent inbreeding of the litter". In their experiment this decline
amounted t0.26, .35, .37, and .39 of a pig per litter at birth, 21, 56, and
154 days. When comparable figures were obtained for Comparison I of the
present investigation, in which the inbred litters had inbreeding coefficients
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of .22, the decline amounted to .27, .35, .39, and .49 of a pig per litter at
birth, 21, 56, and 180 days for each 10 percent inbreeding of the litter.

The differences in litter weight at the Iowa Station were also larger than
those obtained for litter weight in Comparison I. However, when both are
expressed as decline per 10 percent inbreeding of the litter, the results
at the two stations are in close agreement.

In the same study the Iowa workers fed a sample of the line cross and in-
bred pigs from 8, days of age to a final weight of about 225 pounds. The
line eross pigs were 6.3 pounds heavier than the inbreds when placed on test
at 8, days of age. They gained .14 of a pound more per day and required 9
pounds less feed per 100 pounds of gain than the inbreds. When these mean
differences were adjusted to szero difference in initial weight and total gain
of the pigs, the advantage of the line cross pigs was only .03 of a pound per
day in rate of gain, and no difference was found in effieciency of gain, This
is exactly the same difference in rate of gain from weaning to 225 pounds ob-
tained in the present investigation in which there was no difference in the
average initial weights of the line croses end inbred pigs. However, in the
present experiment six pounds less feed were required per 100 pounds gain by
the line croes pigs. This difference was not statistically significant.

Winters, et al (1944) reported that line cross litteras, which were 28
percent less inbred than the parent inbred litters with which they were cou=
pared, contained .52 of a pig more per litter at birth and 1.28 more pigs per
litter at weaning than the inbred litters. These figures are also in line
with those found in Comparison I of this investigation.

From the records at four of the stations cooperating with the Regional
Swine Breeding laboratory, Dickersor, et al (1947) studied the effect of il;-
breeding of the litter using differences between inbreds and line crosses,

within sesson and line of dam, as the primary observation. For each 10 percent



rise in litter inbreeding, independent of age and inbreeding of the dam, the
decline averaged in litter size .2 of a pig at birth, .4 of a pig at 21 days,
and ,5 of a pig at 56 and 154 days. In pig weight no decline was observed up
to 56 days, but it amoumted to 3.6 pounds per pig at 154 days. These figures
were averages for lines from both the Poland China and Duroc breeds and are
again not greatly different from the results obtained im Comparison I. The
fact that no differences in individusl pig weights were found up to weaning
time supports the finding in this study that about 90 percent of the differences
found in litter weight could be accounted for by an inereased number of pigs
per litter.

In Comparison I heterosis was more pronounced in number of pigs per litter
than in the increased growth rate of the individual pig. The increased number
of pigs at birth was probably due to a lower prenatal mortality rate among the
line cross pigs. The inbred dams were from the same line, were inbred to the
sane degree, and were gll age corrected to one year., Therefore, it seems un-
likely that the dams of the line cross litters shed more ova at the time of
breeding than those which were bred to a boar of the same line., The difference
in favor of the line cross litters became larger with age because death losses
were greater smong the inbreds, About 64 percent of the live inbred pigs
farrowed were alive at 180 days while about 75 percent of the line cross pigs
survived.

The literature on the effects of inbreeding on swine indicates that in-
breeding, at a rapid rate at least, has resulted in.a sharper decline in size
of litter than in the growth rate of those individuals whiech survived. Relative-
ly more lines have been culled for low fertility and/or low viability of the
pigs than for a slow rate of gain. Comstock and Winters (1944) showed that

more emphasis on selection for litter sise than for growth rate would be re-
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quired if both were to be maintained at a high level in the formation of in-
bred lines. It is not surprising, therefore, that crossing of inbred lines
resulted in a more marked increase in litter size at all ages than in indivi-
dual pig weights at those same ages.

In Comparison II, lin; cross litters were compared with the average of the
two parental lines. Like Comparison I, this one gives a measure of the effect
of the heterozygesity of the pig on litter performance. Unlike the first
comparison, it gives equal consideration to the performance of the lines of the
sire and dam, Imsofar as the heredity of the pig is responsible for the per-
formance of the litter, this is justifiable. However, it is lmown that the
maternal abilities of lines differ, and that litter performance is controlled
to a large extent by its dam's capacity as a mother - especially at birth,

21, and 56 days. Reciprocal crosses between two lines may give different
results because of the differences in maternal abilities.

The differences obtained in Comparison II were larger than those obtained
in Comparison I. Sinece all of the line cross litters in Comparison II were
included in Comparison I, the differences are a bit misleading until it is
noted that a large part of the lime cross litters were sired by boers from
line 1, which was more highly inbred than other lines in this comparison and
which,as an inbred line, was very poor in performance. The majority of the
line cross litters were produced by dams from line 3, which was not highly
inbred and which was quite satisfaetory in performence. The average performance
of the parental lines was, therefore, lower in every item than the average per-
formance of the inbred litters in Comparison I. This lower average of the in-
bred litters, therefore, accounts for at least part of the apparent increased
vigor in this comparison.

Crossbred gilts, when mated to a boar of a third breed or to a boar of one

of the parent breeds, were found in experiments by several workers to produce
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excellent litters. In most cases 'oh- performance of three-breed cross litters
were superior to single cross litters. This has been credited to an expression
of heterosis in the produetivity of the sow.

In the present investigation it waes found that three-line cross litters
were much superior to single cross litters when they were produced in the
same season., FPart of this increased performance is undoubtedly due to the
heterosis being expressed by the increased fertility and productivity of the
hybrid dam. Part of the increased litter performansze may be the result of
additional desirsble genes which may have been transmitted by the boar from
the third unrelated inbred line. The interaction between the heterosis ex-
pressed in productivity items of the line cross sows and that expressed by
increased viability and growth rate of their litters must not be ignored. The
increased performance of the three-line cross litter is more likely the product
of the two effects than simply the addition of the heterosis of the litter plus
the effect of heterosis on the productivity of the dam.

The differences in Comparison III may be larger than would have been ob-
tained if all the possible thres-line crosses had been made. The line cross
gilts, which produced three-line cross litters, may have been more highly
selected then the inbreds which produced the single cross litters. However,
all three-line cross and single cross litters which were farrowed in the same
season were included in the study, -

The comparisons in which the three-line cross and single cross litters
are compered with outbred Duroc 1litters indicate that inbred lines may be used
in a system of erossing which may ralse the lewvel of performence in certain
economically impo: lani traits above that obtained by conventional methods of
breeding.

The fact that the three-line cross litters excelled the outbreds to about
the same extent that they exceeded the single crosses was interesting and
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served as a check of the compariscn in which single crosses and outbreds were
conpared dirvectly. In Comparison IV, neither the dems nor the litters were
inbred. The fact that the litters, which were the result of erossing three
inbred lines, were superior tc the outbred litters may be an indication that
the process of inbreeding has resulted in the removal of certain undesirable
or delsterious recessive genes which normally exist in 2 non-inbred population.
The erossing of such purged lines would be expected to result in a higher
average level of performance than thet of the random mating population from
which they were formed. The fact that inbreeding usually results in a lowered
level of phenobyplc merit 1s also an indiestion that such genes do exist in
heterozygous condition in randon breeding populations as recaessive or incamplste-~
1y dominant genes wilh lethal or less drastic offects. The inbreading process
brings these genes into a homozygous condition, This permits selsetion against
such genes within the group.

In Comparison V of this investigation there wes a slight advantage of the
outbred Duroc litters over the single eross litters. The difference was not
cansistent from season to season., In the £all of 1942 ome particular group of
line cross litters wers inferior in performance to either of the parental lines.
The large mumber of litters included in this particuler season welghbed this
seasan difference rather heavily in computing the weighbted mean differences,
and thus accounts for the small asdvantage of the outiweds over the line cirosses
in this comparison.

Since the single erosses are the result of erossing all lines which were
developed in the project and sinee the lithers were handieapped by having an
inbred dam, it is not surprising that the single cross litlers were not superior
to oubbred econtrols. Rather it is encouraging that the performance of the single
cross litters was not greatly different from that of outbred litters. There
was a definite indication that the line cross pigs made more rapid gains than



the outbreds from weaning to 180 days of age.

Willham (1944) reported that line cross pigs gained faster than either out-
bred or crossbred pigs at the Oklahoma Station., Winters, 01;. al (1944) found
that line cress litters at the Hinnesota Station were superior to a selected
group of outbred and crossbred pigs which were raised at midwestern experiment
stations. Dickerson (1946) pointed out that the line cross litters in the
Iowa study were about equal in performance to outbred Poland Chinas in
Experiment Station herds., The lack of an adequate control group of outbreds
in the experiment along with the line crosses, however, precludes any definite
conelusions in the Minnesota and Iowa experiments.
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SUMMARY AND CONCLUSIOHS

The litter welghts and mumber of pigs per litter for 371 litters of Duroe
swine at birth, 21, 56, and 180 days of age were studied, The same items were
studied an 73 additional litters at birth and 56 days. All litters were farrowed
at the Oklahoma Agricultural Experiment Station during the perlod from 1939 to
1949 inclusive. Inbred litters from seven different lines as well as single
cross, three-line cross and outbred Duroc litters were included in the study.
Intra-season weighted mean differences were obtained for musber of pigs per
litter and litter weights at birth, 21, 56, and 180 days for five different
camparisons.

The comparisans made were: I. Single cross litters with inbred litters
within line of damy II, Single cross litters with the average of the two
parental inbred lines; III. Three-line cross litters with single cross litters;
IV. Three-line cross litters with outbred Duroc litters; V. Single crosses
with outbreds. The data on litters produced by sows over ome year of age were
corrected to a gilt equivalent age.

Hybrid vigor was evident in both mmber of pigs per litter and litter
weights at birth and increased in degree of expression as the litters became
less dependent upon the direct mothering ability of the dams.

This vigor was expressed to a greater extent in the increased viability
of the pigs and productivity of hybrid gilts than in the increased growth rate
of the individual pigs.

There was no difference in the performance of line cross litters raised
by inbred sows and the performance of outbred Duroe litters which were produced
in the same season,

Three-line cross litters raised by line cross dams and sired by inbred
boars of a third line were superior to both single cross and outbred Duroc



litters with which they were compared.

Increased number of pigs per litter in most cases was sufficient to
account for a large .pomn‘hgu of the inerease in total litter weight.

When number of pigi and initial weights were controlled, advantages of
line cross pigs over inbreds with the same line of dam in post-weaning rate
of gain and efficlency of gain were relatively small and inconsistent.

Because heterosis has been expressed in both number of pigs which sur-
vived and the growth rate of the individual, total weight of the litter is
the one best over all measure of performance for comparison of lines or
crosses in which heterosis is to be studied. The use of either number of pigs
per litter or average weight of the pigs at a given time may be misleading.
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