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CHAPTER I

THTRODUCTION

Crossbreeding for market animal production has been practiced
for many vears, not only with hegs but also with other classes of
livestock. Hybrid vigor or heterosis is the most important reason
for widesprcad application of crossbreeding in commercial production.

Most benefits of crossbreeding are observed in the Fl generation,
but one excepfion is the use of hybrid F1 females as dams. Among the
experiments concerning crosshrecding with swine, the two breed cross
is the simplest. This allows purebred boars to sire crossbred pigs
and purebred pigs in the same generation. Performance of crosshreds
can be compared to pure parental breeds. Double matings have been
used to compare purebred and crossbred pigs. Although results vary,
crossbreds are usually superior to purebreds.

One obstacle to efficient commercial use of crossbreeding lies
in the complexity of the breeding plans involved. Certain breeds
show greater heterosis than others, and maximum use of heterosis
requires crossbreeding involving specific cross combinations.

In the present study both purebred and crossbred progeny
resulted in the same litter by inseminating a mixture of secmen
containing an equal number of sperm from two breeds in a diallel
mating scheme. Matings involved Yorkshires, Duroes and Landraces.
The objective of the study was to compare heterosis and comhining

ability of these breeds mated in all possible combinations for

economically important traits.



CHAPTER T1

REVIEY OF LITERATURE

Experiments on crossbreeding with swine

The two-breed cross in which both parents are purebred is the
simplest form of crossbreeding. Many experiments concerning cross—
breeding with swine provided data for only one of the parental breeds
involved in the cross (Shaw and MacEwan 1936; Robison 1948; and
others). Fxperiments comparing performance of crossbreds with that
of contemporary purebreds were reported by Winters et al. (1935),
Hutton and Russel (1939), and Lush, Shearer and Culbertson (1939).
In a review by Fredeen (1957), crossbred litters at birth were
intermediate in size to those from the parental breeds. However, a
greater percentage of the crossbred pigs survived so litter size at
market age frequently excelled that of the better purebred parent.
Similarly, average pig weight at birth was intermediate, but weight
at weaning and subsequent ages the crossbreds surpassed the parental
average by 8 to 18 percent. Crossbreds were slightly superior in
feed efficiency to the parental average (3 to 4 percent).

Double matings were utilized in some single cross experiments
to compare purebreds and crossbreds. Among reports by Hays (1919),
Shaw and MacEwan (1936), U.S. Dept. of Agriculture (1947), Lush et al.
(1939), and Robison (1948), the one by Lush et al. (1939) was most
representative of experiments of this type. Sows were mated to
boars of her breed and then immediately remated to a boar of another

breed, thus providing purecbred and crossbred pips with the same



maternal environment. Lush et al. (1939) compared .purebred and
crossbred progeny from 36 double-mated Duroc and Peland China sows.
The experiment extended over an 8-year period from 1926 to 1933, and
crossbreds excelled their purebred littermates in all factors studicd.
Crossbreds liad a lower percent stillborn pigs, were more vigorous at
birth, had 15 percent better survival until weaning, werec 2.5 percent
heavier at birth and 10.7 percent heavier at weaning. Crossbreds also
had 6.5 percent better postweaning gain and required 8.5 percent less
feed per unit of gain. Lush et al. (1939) pointed out that most of
the differences found in the Iowa experiments were not quite statis-
tically significant but indicated an advantage for crossbreds.

Vinters (1935) first advocated criss-crossing and rotational
crossing, basing his recommendation on breeding experiments. In an
early experiment he crossed Duroc, Poland China and Chester Whites.
The first-cross, three-breed-cross, and back-cross groups were all
superior to purebreds. The first-cross and back-cress groups were
approximately equal in superiority, but both were excelled by the
three-breed-cross.

These results were substantiated by wvarious reports published
in Furope and America. Fredeen (1957) reviewed experiments up to
1956 pointing out that in most cases adequate comparison with the
parental breed has been lacking and statistically significant
differences between purcbreds and crossbreds have seldom been obscrved
in individual experiments. The variability encountered in measuring

performance traits of swine is so great that the number of animals



employed must be prohibitively large in order to show siatistical
significance. Morcover, because of differences in breeds emploved or
in type of experimental control provided, few experiments lend them-
selves to direct comparison,

Gaines and Hazel (1957) ropurtud significant diffcerences hetween
reciprocal crosses. Pigs produced by mating Poland China boars to
Landrace sows were superior in growth rate to those produced from
Landrace boars mated to Poland China sows.

Smith, Moorman and McLaren (1960) studied the performance of
straightbred (Duroc, Hampshire, Poland and Landrace) and cross litters
to compare productivity of various straightbreds, two, three and
four-breed crosses. Two, three and four-breed cross lit£crs were
13, 34 and 20 percent larger, respectively, at market time than
straightbred litters. Advantages of two-breed cross litters was due
to greater survival ability of the pigs, while the advantage for the
three and four-breed cross litters reflected both greater litter size
at birth and greater survival. Crossbred pigs gained faster from
birth to market and were from 6.1 to 8.1 percent heavier at 180 days
than straightbred pigs. Crossbred litters were heavier (P<.05) than
straightbred litters at 154 and 180 days reflecting the effect of
greater pig survival and faster growth.

Johnson, Omtwedt and Walters (1973) studied growth rate, feed
utilization and carcass traits of purebred and reciprocal crosses
involving Durocs, Hampshires and Yorkshires. Crossbreds gained 0.067

kg per day faster than purebreds and reached 100 kg 9.9 days soconer
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(P<.01). Duroc-Hampshire crossbreds had 0.13 cm less probed backfat
and consumed (.18 kg more feed per day than purchreds. Duroc-
Yorkshire crosses were longer (P<.05) than the average of the parent
breeds, while Hampshire-Yorkshire crosses had more backfat (P<.01) and

a lower percent lean cuts (P<.05).

Heterosis is defined as the difference between the mean of
crossbreds and parénts (Falconer, 1960). Heterosis cobserved in swine
crossbreeding appears to be greatest for traits expressed early in
life and decreases as the individual develops. Greater viability
and increased pre-weaning growth rate show definite heterosis in the
crossbred population. The advantage of crossbreds in average daily
gain and feed efficiency are modest and carcass composition appear
to exhibit little if any heterosis (Fredeen, 1957).

Gregory and Dickerson (1952) studied heterotic effects on rate
and economy of gain, digestibility, and carcass composition by
comparing crosses with parental groups under full feeding and also
under equalized feed intake per unit live weight. Three inbred lines
(two inbred lines of Poland Chinas and one of Hampshire) and outbred
Durocs were used in this study. When full-fed, linecrosses and top-
crosses ate 7 and 2 percent more feed, were 9 and 7 percent more
efficient and gained 30 and 13 percent faster than the parental mean.
These differences were highly significant; however, there were no
differences in digestibility of the ration. Linecrosses between

breeds gained more rapidly and more economically (P<.05) than line-
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crosses within breeds. Little difference occurred between the full-fed
lineerosses and full-fed inbreds in net carcass value; however, the
topcrosses yielded carcasses superior (P<.05) to the parcatal mean.

The full-fed topcrosses yielded carcasses with greater muscular develop-
ment and less fat than the mean of the parental groups. These results
indicate that heterosis manifests itself through accelerated muscle

and bone growth and is accompanied by incrcased appetite and more
efficient utilization of food energy.

Even when restricted to the same level of feed intake as the
full-fed inbred lines, the linecross pigs gained 13 percent (P<.05)
and topcrcss pigs 26 percent (P<.0l) faster. They required 9 percent
and 19 percent (P<.01) less feed per unit gain, respectively, but
differed only slightly in ability to digest the ration and in carcass
composition. Compared with the two parental lines (i.e., an inbred
line and the outbred Durocs) at the same level of feed intake, topcross
pigs gained 10 percent more rapidly, required 10 percent less feed and
showed a marked superiority (P<.05) in "net carcass value per unit of
live weight". Topcross carcasses contained less fat (P<.05) and
slightly more muscle than the mean of the parental groups.

Gregory and Dickerson (1952) concluded that hybrid vigor clearly
produces a greater stimulus for growth of muscle and bone and that a
more efficient metabolic system permits expression of this stimulus
even without increasing rate of feed consumption.

Explanation of heterotic effects appears to require acceptance

of one or more forms of non-additive gene action. Overdominance may



be of greatest importance in traits of viability and litter size
(Dickerson, 1952), while simple dominance and epistasis mav be the
primary forms of gpone action inveolved in heterotic effects associated
with posi-weaning traits.

Donald {(1935) concluded that additive gene effects are more
important then non-additive effects in "metric traits', except for
reproductive traits when their relative importance is reversed.
Modification of traits (such as proportion of bone, lean meat and
fat) may be sought through selection aimed at changing gene frequency,
but improvement in number and size of young at weaning may best be
secured through controlled heterozygosity.

Hetzer, Hankins and Zeller (1951) studied performance of crosses
among six inbred lires of swine reporting the lower the relationship
between inbred lines the higher the heteroitic effect. Genetic
diversity of breeds (Sierk and Winters, 1951; England and Winters, 1953)
and relative degree of inbreeding or homozygosity of different breeds
are possible explanations certain breed crosses showing greater
heterosis than others. However, certain inbred lines "nick' better
than others to an extent that does not hinge on the measured intensity
of inbreeding (Craft, 1953).

Bereskin, Shelby and Hazel (1971) evaluated the effects of
crossing Durocs and Yorkshires on carcass traits. Interaction of
breed of sire with breed of dam, providing a measure of heterosis,
noted for backfat (P<.01), percent ham (P<.01) and percent ham and

loin (P<.05). They reported a negative hetercsis by current market
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standards for thdse carcass traits. Divergent physiological patterns

of the parent breeds were suggested as a possible cause.

Combining ability

Combining ability is usually divided into general and specific
combining ability. According to Spraque and Tatum (1942), general
combining ability refers to the average performance of a line in
hybrid combinations, while specific combining ability applies to
crosses that.- do relatively better or worse than would be expected on
the basis of average performance of the lines involved. These workers
found in crosses among unselected lines of corn that general combining
ability was more important than specific combining ability, an
indication that in such lines additive cffects were either more common
or produced greater cffects on yield than dominant or epistatic genc
action. In contrast, crosses among inbred lines previously selected
for gencral combining abiiity had greater variance for specific
combining ability than for additive effects.

Craft (1953) summarized a number of studies indicating that
crosses of inbred lines of the same breed of swine usually showed
advantages In growth rate in comparison with non-inbred stock of the
same breed. When three or more lines were represented in the crosses,
the number of pigs raised per litter usually exceeded the number
raised in litters from non-inbreds. Crosses of lines of different
breeds have generally shown higher levels of performance than crosses
of lines from the same breed. Results indicated that lines should be
selected for "nicking" or specific combining ability within a breed

and between breeds.
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lienderson (1948, 1953) developed mathematical models and formulas
for estimating general, maternal, specific and sex-linkage effects in
swine crosses involving multiple classifications with disproportionate
subclass numbers. Harvey (1960) extended the model to include the
linccrosses for the estimation of heterosis simultancously. In
studies of 8 litter characteristics in single crosses among 12 inbred
lines of Poland China swine, Henderson found general combining ability
accounted for 5 percent of the variation whereas from 5 to 15 percent
could be ascribed to specific effects. Neither sex-linkage nor line
differences in mothering ability contributed to the variability among
crosses.

Durham, Chapman and Grummer (1952) compared performance of top-
cross pigs sired by boars from eight inbred lines with pigs sired by
noninbred boars in 44 Wisconsin farm herds. Topcrosse; and straight-
breds did not differ significantly in weight at 154 days, but lines
differed in their general combining ability for this trait and sow
productivity.

Hetzer et al. (1961) studied litter performance of single crosses
among six inbred lines for pig weight at 98 and 140 days of age, daily
gain from weaning to market and six carcass yield and measurement
characteristics. Maternal influences were noted (P<.05) for litter
weight at 140 days, total yield of carcass, yield of bacon, and yield
of fat cuts. General combining effects were significant (P<.05) and
highly significant (P<.01) in all post-weaning weights and carcass

traits except total yield of carcass. No specific combining effects
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existed for any of the traits except bacon yield. Difference in
specific combining were unimportant, and general combining effects
and matcernal influences were about equally important in their
contribution to the variation for most traits.

Magee and Hazel (1959) studied the 154-day weights of the three-
line cross pigs of twelve Poland China inbred lines. Differences in
general combining ability accounted for 4 percent of the variation
within the same secason and farm group (P<.05). Line maternal effects
were not significant in these data.

Cobb (1958) reported the results from topcrossing boars of
seven inbred lines on four different breeds of purebred sows. Top-
cross groups differed significantly (P<.05) for 140 day weight, daily
gain to market weight and certain carcass characteristics indicating
that the lines differed in ability to combine with purebreds for

these traits.



CHAPTER 1T1

MATERTIAL AND METHODS

Experimental Animals

Data were obtained from animals in two trials conducted at the
Taiwan Livestock Rescarch Tnstitute in 1971 and 1972. Tn the {irst
trial Yorkshires, Durocs and Landraces were randomly sclected from
the Taiwan Governmgnt Farms. These animals had descended from the
original breeding stock introduced from the United States by several
importations except some of the Landrace animals were imported from
Europe and Japan before 1969. 1In the sccond trial the same three

breeds were imported from the United States in 1971.

Methods

Experimental Plan. Twenty-seven suitable gilts from each breed

were randomly sorted intoimating groups and mated artificially. Three
boars of each breed were used. 1In the first trial estrus synchroni-
zation was induced by feeding 100 mg of ICI 33828 to ea~h gilt daily
for 20 days whereas in the second trial no estrus synchronization was
practiced. Three boars and 27 gilts in each of the three breeds
resulted in three purebred and six crossbred mating groups (Table 1}.
By imseminating a mixture of semen containing an equal number of
spermatozoa from two boars of different breeds, litters consisting of
both purebred and crossbred pigs were produced, including reciprocal
crosses. (One-third of the gilts of each breed were bred to boars of

two brecds other than their own which provided litters consisting of
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TABLE 1. MATING SCHEME (DTALLEL MATING)

———— - -

SIRE BREED

Yorkshire (Y) Duroc (D) Landracc (L) Total

4 D D L L
B Ty %y By 2 g & 2 3 .
Dam Breed Yithin Litter Mating Groups VYhole Litters

Yorkshire (Y')
b

1. . Y vy 3vy' 3vy'  3py'? 3py' 3py! 9YnY '
YiO"'YiS 3y’ IvY"' - 3yy! 3Ly! 3Ly 3LY! 9YLY'
] e A 1 r I Yl | 1 3L;| Yl > 1
Y19 Y27 3Dy 3Dy E1)) 3LY 3L 9Y LY
Sub-total 6YY' 6YY' 6YY! 6DY' 6nY! 6ny'! 6LY" 6LY! 6LY!
18YY' 18Dy 18LY' 27( )%’
Duroc (D')
Di...Dé 3yp’ 3yp' 3yp' 30D 3nn! 3pp! anyn'
DiO"'DiS 3DD' 3D0! 3pD" 3LD! Lp! 3LD' 9pLD"
Dig...D;7 3yp! 3¥n' ' ) 31D 3Lp! 3Lp! 9YLD"
Sub-total  6YD' 6YD'  6YD' 6np’ 6DDh’ 6DD! 6LD' 6LD’ 6LD'
18YD!' 18DpD! 18Lh" 27( )D'
Landrace (L7)
Li...Lé 3¥L’ 3L 3yL! 3LL! 3LL 3LL! OYLL'
Lio"'LiS 3pL’ 3nL! 3DpL' 3LL! 3LL' 3LL' onLL'
Lig...Lé7 3YL' 3YL'  3YL! 3DL! 3pL! 3nL! 9YDL '
Sub-toral 6YL' 6YL' 6YL' 6DL* 6nL' 6DL" 6LL! 6LL' 5LL"
18YL' 18DL' 18LL" 27( )1
Total 18Yl(') 1801(') 18L1(')
8y, (' D_(' . (!
1 2( ) 1&2( ) 1m2( )
I3 t v ¥ 1
18\3( ) 18D3( ) 18u3( )
54Y (") 54D(") S54L(")
Y = Yorkshire, D = Duroc, L = Landrace. Ipy' = Duroc sire, Yorkshire dam
bQYDY' = nine litters out of Yorkshire gilts (mixed scmen from Yerkshire and

Duroc sires)
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two different types of crossbred pigs. The semen from cach boar was
checked for number and normality of spermatozoa. Semen was diluted
with a solution of powdered skim milk and glucose so the number of
spermatozoa in the final concentration was 100 million sperm per ml
and stored at a temperature of 15°C. In order to improve conception
rate and number of pigs per litter, gilts were inseminated twice
during each heat with a time interval of ten hours. A semen mixture
of 50 ml was inscminated each time. Pigs were identified by differ-
ences in hair color, skin color, type of ears and other body confor-
mation traits.

Traits Studied

1. Number of pigs and individual pig weights at 0, 21, 56 and 154 days

of age in within litter mating groups.
2. Age to 95.3 kg.
3. Feed efficiency within litter mating group from 56 days to 154
dayé and to 95.3 kg liveweight,
4. Carcass measurements and cut yields:
a. Dressing percentage
b. Carcass length
c. Carcass backfat thickness
d. Loin eye area
e. Percentage of four lean cuts
f. Percentage of five primal cuts

g. Percentage of ham and loin
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Feeding and Management. Gilts in the first trial were individuoally

fed medicated feed and turned on pasture after mating until ten days
before farrowing, whereas in the second trial all gilts were individ-
ually penned on concrete floors throughout the experiment. The pigs
were farrowed and raised in confinement. Balanced rations based on
NRC's nutrient requirement of swine were fed.

Pigs were ear—notched and injected with iron-dextran at birth.
Male pigs were castrated at 5 days of age. All pigs were vaccinated
for hog cholera when about 42 days of age. Pigs were weaned at 56
days of age, and pigs of the same mating group within a litter were
penned together and self-fed. Pigs were weighed at birth, 21, 56
and 154 days and were weighed off test when they weighed about 95.3 kg.
Feed consumption was recorded as the total feed eaten by the pigs in
each mating group in the same litter from weaning to 154 days of age
and also from 56 days of age to 95.3 kg weight.

Slaughter and Carcass Data. Slaughter pigs were transported in

groups of 20 to the Pintung Packing Plant 90 km from the station.
Barrows from a within litter mating group were randomly selected from
evaluaticn of carcasses cut either by American or Japanese cutting
method. Gilts were used when barrow were not available. Pigs were
held off feed and water for approximately 24 hours prior to slaughter.
Carcasses were split immediately after slaughter and chilled for 48
hours before cutting.

Carcass breaking and trimming by the Japancse method are

described in standard procedures for cutting and trimming by the
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Japanese Meat Association (1968). The same cuts of a carcass are
prepared by the American cutting method and the Japanese cutting
methods, but in the latter a different procedure is followed: besides
leaving the leaf fat attached to the carcass, the feet are removed
at the hock joint on the ham and the knee joint of the shoulder, the
picnic shoulder is separated from the loin between the fifth and
sixth ribs, the ham is separated frem the loin between the last lumbar
vertebra and the first sacral vertebra, the loin and belly are
separated along a straight line instead parallel to the back line, and
the cutting line is lower resulting in a smaller belly cut.

Carcass length was measured from the anterior edge of the first
rib to the anterior edge of the aitch bone. Carcass backfat thickness
was measured on both sides of the split carcass at the first rib, last
rib and last lumbar vertebra and the average of the six carcass
backfat measurements was ;sed. Loin eye area was measured posterior
to the 10th rib.

Chilled carcass dressing percentage, percent four lean cuts,
percent five primal cuts and percent ham and loin were obtained.
Percent four lean cuts represented the total weight of trimmed hams,
loin, bosten butts and picnic shoulders. Percentage of five primal
cuts included trimmed hams, loins, boston butts, picnic shoulders and

bellies.

Statistical Method

Analysis of Variance. he data were analyzed by the method of

least squares for multiple classification with disproportionate
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subclass numbers (Kemp, 1972). All sources of variation were
considered as fixed effects were year, six, breed of dam, breed of
sire and interactions of year with breed of dam and sire were
included as sources of variation. The adjustment factors for the
effects of sex, liveweight at slaughter and carcass cutting methods
were computed by least squares analysis. The interactions of sex
with the other effects were omitted because they werce assumed
negligible.

Least Squares Means. Least squares means and standard errors

for year, sex, breed of dam and sire and their interactions were
computed and used to obtain estimates of heterosis, maternal effect,
and general and specific combining abilities with the matiﬁg groups
including three purebred and six cruossbred groups (Yu, 1974).
Differences between two purebred groups were computed from

differences between purebred averages.

P oD iy DD’ - YY'
Pt ovy )" LL' - YY'
= LL' - DD’

P
(LL'-DD')
Differences between averages for respective reciprocal crossbreds

were calculated.

= 1 Y ! - ! Al
C(YL—YD)“ 2 [(YL + LY'") (YD' + DY )]
¢ =5 [(DL' +1D') - (D' + D¥")]
(NL-YD) b
-——1 t -1 1 '
Cyr-ny~ 2 [(YL +LY') - (DL" + LD )]
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Specific combining ability (SCA) is the difference between the
average of the two breed reciprocal crosses and the average of the

two parental purebreds.

_ L ' vy ' '
SCA ypy™ [(D‘f +YD') - (¥YY' + DD )]

SCA(YD)=— [(L‘{' + YL') - (YY' + LL‘)]

2
4.
2
! '
v ety s v _ L] Jl
SCA (niy= 2 [(LD DL') - (DD +1L)1
Heterosis is quantitatively measured by the difference between
purebred and crossbred least squarcs means. Since three breeds were

involved in this study, computation of heterosis (H) represented by

the breed crosses was
H = —-é— (DY '+YD'+LY '+YL'+LD"+DL') - —;— (YY'+DD'+LL')
General combining ability (GCA) is the average performance of

the purebred and combinations with the two other breeds as compared

with the general mean of all crossbred combination of the three breeds.

GCAy= —%— (YL'+YD'+LY'+DY')—C§
GCAD= —ll‘— (DL'+DY'+LD'+YD')—CE
GCA, = _.11;_ (LD'+LY'+DL‘+YL')—C§
where C = --61—— (DY'+LY'+YD"+YL'+LD'4DL")

Maternal effect (M) was computed from the difference between

reciprocal corsses.

My [ (DY'+LY')—(YD'+YL')]

i
2
= _L t L . T L ]
Wi 5 [ (YD"4LD")- (DY "+DL )J
1
2

[ (DL'+YL')—(LD'+LY')]

ML=



CHAPTER 1V

RESULTS AND DISCUSSION

This study includes 1251 purebred and crossbred barrows and gilts
produced in 150 litters or 241 within litter mating groups in 1971 and
1972 at the Taiwan Livestock Research Institute. Five hundred and
thirty-one pigs in 65 litters were produced in 1971 and 720 pigs in
85 litters in 1972. The number of observations for the various traits
listed by mating gfoups are shown in Table 2.

Analysis of variance tables are presented in Appendix Table 1
to 5.

Year. Differences between the two years were important for most
traits (Table 3, 4, 5, 6 and 7). In the second year 0.82 and 0.73
pig more (P<.05) in within litter mating groups were found at 21 and
56 days of age respectively (Table 3). Weights (Table 4) at birth,

21 and 154 days were almost the same for the two years, but weight at
56 days was 2.48 kg less (P<.01) and it took the pigs produced in the
second year 11.2 more days (P<.0l) to reach 95.3 kg. Second year pigs
were more efficient, averaped 0.28 and 0.20 less (P<.01), in feed per
unit gain (Table 5). Carcasses of the second year were 1.59 cm

longer (P<.01)}, had 0.47 cm less backfat thickness (P<.01) and had
1.45 cm2 more loin eye area (P<.01) Table 5). The percent lean cuts
was higher during the second vear when cut by the American method or
for pooled data but were lower by the .Japanese method (P<.01) (Table 6
and 7). Bruner and Swiger (1966) studied data from pips at the Ohio

Swine Tvaluation Station and reported that differences among years
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TABLE 2. DISTRIBUTION OF PIGS BY MATING GROUPS
AND NUMBER OF MATING GROUVS FOR TRAITS MEASURED
TRAITS ¥y Dp' LL" DY’ Ly! ¥n' LD' YL' DL’ TOTAL
No. of pigs in a within litter mating pgroup (No. of mating groups)
0 day 21 28 32 28 26 23 27 29 27 241
21 day 18 27 30 28 24 23 25 27 25 227
56 day 18 27 30 28 23 23 25 27 25 226
154 day 18 26 30 28 23 22 25 27 25 224
Individual pig weight (No. of pigs)
0 day 70 149 182 169 170 107 128 163 113 1251
21 day 54 111 149 146 148 81 108 118 91 1006
56 day 52 107 146 140 144 78 108 113 91 979
154 day 52 101 143 139 141 77 107 108 89 957
Age to 95.3 kg (No. ef pigs)
51 98 137 137 138 76 106 104 88 935

Feed efficiency (No. of mating groups)
56-154 18 26 30 28 23 22 25 27 25 224

day
56 day- 18 26 30 28 23 22 25 27 25 224

end
Carcass traits (MNo. of pigs)
Japanese 11 28 32 20 22 24 24 21 30 212

cutting
American 19 36 35 29 32 32 34 31 37 285

cutting
Pooled 30 64 67 49 54 56 58 52 67 497




20
and interactions of years with breed and season were important for
most traits. Since selection is practiced within year and breed, tho
effects of year and breed by year interaction are not used for
adjusting in a testing program but were included in the analysis Lo
increase the precision of estimating other effects. Year effects in
this study were confounded with differences within breeds.

Sex. Least squares means for sex showed that male pigs were
0.04 kg heavier at birth and 2.94 kg heavier (P<.01) at 154 days than
females (Table 4). Barrows reached market weight (95.3 kg) 6.6 days
earlier (P<.01) than gilts (Table 4). Barrow carcasses were 0.8 cm
shorter, had 0.2 cm more backfat and were 2.83 cm2 smaller in loin
eye area (P<.01) (Table 5). Percent lean cuts for carcasses of barrows
was also less than for gilts (Table 6 and 7). These differences were
all highly significant (P<.01). Bereskin et al. (1973) reported that
at birth males were 0.03 kg heavier than females in the same litter.
In an experiment to evaluate the effects of crossing Yorkshires and
Durocs, Bereskin et al. (1971) reported that barrows were 2.08 cm
shorter in carcass length, had 0.12 c¢m more backfat, 0.32 percent more
ham, 1.72 percent less loin, 1.40 percent less ham and loin and &.26
cm2 less loin eye area. However, these differences were not signifi-
cant. Results of sex differences in the prescnt study were very
similar to those reported by Bruner and Swiger (1966), when differ-
ences between barrows and gilts were important for all traits studied
except carcass weight; barrows had shorter carcasses, were fatter,

had smaller loin eye areas and smaller percentage lean cuts (P<.01).
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Breed of Dam and Breed of Sire. Tables 8, 9, 10, 11, and 12 show

the least squares means and differences caused by breed of dam and
breed of sire for numher of pigs in a mating group of littermates,
production performance and carcass traits., Landrace sires had 1.17
more pigs (P<.05) in a littermate mating group than Yorkshire sires
at 154 days. Landrace dams produced pigs that were significant (P~.05)
0.48, 1.48 and 3.51 kg heavier than those of Duroc dams at 21, 56 and
154 days, respectively. Landrace dams also produced pigs that were
0.47, 1.45, and 2.87 kg heavier (P<.0l1) than those out of Yorkshire
dams at 21, 56 and 154 days (Table 9). Duroc dams were superior
(P<.01) to Yorkshire dams only in their influence on birth weight of
pigs (Table 9). Consequently, pigs out of Landrace dams reached 95.3
kg an average of 10.69 and 6.26 days earlier (P<.0l) than pigs from
Yorkshire and Duroc dams, respectively (Table 9). Hetzer et al.
(1953) crossed females from seven inhred lines and males of four
different breeds with Landrace line superior to all others for weight
at birth, 21 and 56 days of age. Pani et al. (1963) also reported
that crossbred pigs from Landrace dams, sired by Poland China boars,
were 4.1 kg heavier at 154 days of age than pigs produced by the
reciprocal mating, although the difference was not significant.
Landrace sired pipgs exceeded (P<.01) pigs sired by Yorkshires
in weights at birth, 21, 56, and 154 days, averaging 0.11, 0.36, 0.83
and 3.34 kg heavier, respectively (Table 9); while pigs by Duroc sires
were 0.10 and 0.40 kg heavier (P<.01) than pigs by Yorkshire sires at

birth and 21 days. Weights at 56 and 154 days were not different for
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pigs by Yorkshire sires and Duroc sires. Pigs by Landrace sires
reached 95,26 kg 6.34 days earlier (P<.01) than those by Yorkshire
sires (Table 9). .Duroc sired pigs were 5.05 days younger at 95.73 kg
(P<.01) than those by Yorkshires (Table 9). The Landrace was also
superior in crossing with other breeds either as a sire or dam,
indicating high general combining ability in this breed.

Progeny of Duroc sires were 0.14 more efficient (P<.05) in
converting feed to pork than those by Yorkshire sires (Table 10).
Mating group littermates by Landrace sires were sccond most efficient,
and those by Yorkshires were least efficient.

Carcasses from pigs out of Yorkshire and Landrace dams averaged
1.27 em and 9.90 em longer fP<.01) than those from pigs out of Duroc
dams (Table 10). The same was true for carcasses of pigs sired by
Yorkshire and Laid--:e boars since they were 0.76 cm and 1.05 cm
longer (P<.01) than for Duroc sires, respectively (Table 10).
Yorkshire dams produced progeny that had less backfat and larger lein
eye area than progeny out of Duroc or Landrace dams, which resulted
in higher percentages of lean cuts (Table 11). Progeny of Duroc
sires produced carcasses that were 1.62 (P<.05) and 1.11 (not significant)
percent higher in four lean cuts than those from Landrace and Yorkshire
sires cut by the American metho@. In general, progeny of Duroc sires

and those of Yorkshire dams were superior in carcass merit.

Interaction Effects and least Squares Mean Comparisons

The least squares means for the nine mating groups and specific

comparisons among these means for number of pigs in a within litter
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TABLE 3.  LEAST SQUARES MEANS, STANDARD ERRORS AND DTFFCRENCES
FOR NUMBER OF TIGS 1IN WITHIN LITTER MATTHG GROUPS BY YEAR

Number of pigs in a within Jlitter mating groups

Item -— e
0 day 21 day 56 day 154 day
Year
1971 mean 5.03 3.92 3.87 3.84
s.e. 0. 30 0.30 0.28 0.28
1972 mean 5.21 4.74 4.60 4. 45
5.e. 0.26 D.24 0.23 0.23
1972 - 1971 0.18 0.82* 0.73*% 0.61
¥ P<.05 o -

TABLE 4. LEAST SQUARES MEANS, STANDARD ERRORS AND DIFFLRENCES
FOR INDIVIDUAL PIG WEIGHTS AND AGE TO 95.3 kg BY YEAR AND SEX

Tndividual pig weights and age to 95.3 kg

0 day 21 day 56 day 154 day age to 95.3
weight kg weight,kg weight,kg weight,kg kg, day
Year
1971 mean 1.32 4.83 14.66 65.50 196.79
5.e. 0.01 0.07 0.19 0.72 1.37
1972  mean 1.35 4,72 12.18 66.02 207.99
s.e. 0.01 0.05 0.15 0.59 1.21
1972 - 1671 0.03 -0.09 ~2.48%% 0.52 11.20%*
Sex
Femala mean 1.31 4.75 13.41 64.29 205.70
s.c. 0.01 0.06 0.17 0.64 1.22
Male mean - 1.35 4.80 13.44 67.23 169.08
s.e, 0.01 0.06 0.16 0.63 1.19
Male - Female 0.04%% 0.05 0.03 2.94%* ~6. 62%%

**P<_ 01



TABLE 5. LEAST SQUARES MEANS, STANDARD FRRORS AND DIFFERLNCES FOR
FEED EFFICTENCY AND CARCASS MEASUREMENTS BY YEAR AND SEX

Feed/Gain Feed/Cain Carcass Carcass Loin cye
b

ttem 56-154 day 56 day-end length backlat arga
cm cm cm
Year
1971 mean 3.21 3.44 16.77 3.52 29.04
s.e. 0.03 0.03 0.18 0.04 0.35
1972 mean 2.93 3.24 78.36 3.05 30.49
s.e. 0.03 0.02 D.15 0.03 0.30
1972 - 1971 -D.28*% -0.20%=* 1.59%% -, 47%%* 1.45%%
Sex
Female mean = - 77.86 3.19 31.18
5.6, - - 0.23 0.05 0.46
Male mean - - 77.16 3.39 26.35
S.C. - - 0.11 0.02 0.22
Male - Female - - -0D.80%= 0.20#%% -2 83%%

*% P<.01
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TABLE 6. LEAST SNUARES MEAMS, STANDARD ERRORS AND DTFFERENCES FOR
SEX AND CUTTING METHOD

CARCASS CUT YTFLDS BY YEAR,

B e T e I S et T VU R

4 lean cuts, 7

Ttem American  Japanese
Year
1971 mezan 55.75 65.92
s.e 0.46 0.48
1972 mean 63.70 63.03
5.e 0.39 0.44
1372 - 1971 7.95%% -2.89%%
Sex
Female mean 60.37 65.72
s.e. 0.67 0.59
Male mean 59.07 63.23
s.e. 0.25 0. 36
Male - Temale -1.30+ -2.49%%
Cutting

Amer ican mean

S.e.

Japanese mean

5.0.

Japanese - American

60.
.39

63.
.34

60.
.36

64.
.37

L 20%%

63

92

L 29%%

« 37
.52

.17
.26

!

51

a3

.52%%

5 lean cuts, %

Pooled Anmerican

Japanese TPooled
76.39 77.93 77.04
0.51 0.54 0.40
81.95 74.49 78.71
0.43 0.49 0.35
5.56%% —3.44%% l.67%=%
79.50 77.46 78.82
0.74 0.65 0.54
78.83 74.97 76.93
0.28 0.40 0.26
-0.67 —2.49%% -] BQx*
50.02
0.37
75.73
0.37
—4 . 2G&%

*¥% P<,01
% P<,05
+ P<. 10
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Polled

.48
.19

23
.19

.27
.14

.18

TABLLE 7. LEAST SQUARES MEANS, STANDARD ERRORS AND DIFFERENCES TFOR HAM
AND LOTIN PLERCENTACE AND DRESSTING PERCENTAGE BY YEAR, SEX AND
CUTTING METHOD
Nam and loin percentage, % Dressing percentape, 7
Item - ——————e——— - Sl e
American Japanese Pooled American Japanesc

Year
1971 mean 37.52 38.99 38.09 78.12 77.11

s.e. 0.37 0.33 0.28 0.32 0.28
1972 mean 43.09 37.40 40.61 77.28 77.10

s.e. 0.32 0.30 0.25 0.27 0.25
1972 - 1971 5.57%% -1.59%% 2.52%% -0, 84* -0.01
Sex
Female mean 41.08 39.10 40.29 78.02 77.07

s.e. 0.54 0.40 0.38 0.47 0.34
Male mean 39.53 37.27 38.42 77.38 77.13

s.e. 0.21 0.25 0.19 0.18 0.21
Male - Female 1.55%%  —1.81*%x -1,87*%% -0.64 0.05
Cutting
American mean 40.71

s.e. 0.26
Japanese mean 37.99
s.e. 0.26

Japanese - American —2,72%%

* P<.05
*% P<.01
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TAPLE 8. LEAST SOUARES MEANS, STANDARD ERRORS AND DIFFERENCES
FOR NUMBER OF PIGS IN WITHIN LITTER MATING GROUPS DY
BREED OF DAM AND BREED OF STRE

Number of pigs in a within litter mating groups

Ltem 0 day 21 day 56 day 154 dav

Breed of dam

Y mean 5.26 4.77 4.69 4.60
s.c. 0.37 0.36 0.34 0.33

D' mean 4.97 4.02 3.97 3.84
s.e. 0.35 0.32 0.31 0.30

LY mean 5.13 4.18 4.09 4.00
s.e. 0.33 0.31 0.30 0.29

Differences D'-Y' -0.29 -0.75 -0.76 -0.76
L'-Y' -0.13 -0.59 -0.60 -0.60

L'-D' 0.16 0.16 0.16 0.16

Breed of sire

Y mean 4.64 3.82 3.69 3.57

s.e. 0. 37 0.36 0.34 0.34

D mean 5.24 4.33 4.22 4,14

s.e. 0. 34 0.31 0.30 0.29

L mean 5.48 4,82 4.81 4,74

s.e. 0. 34 0.32 0.31 0.30

Differcnces D-Y 0.60 0.51 0.53 0.57
L-Y 0. 84 1.00 1.12 1.17%

1.-D 0.24 0.49 0.59 0.60

Y', D' and L': Yorkshire, Duroc and lLandrace gilts
Y, D and L: Yorkshire, Duroc and Landrace hoars
* P<,05



TABLE 9.

LEAST SQUARES MEANS,
FOR PIG WEIGHTS AND AGE TO 95.3 kg BY BREED OF DAM
AND BREED OF SITRE

Breed of dam

¥! mean

D' mean

L' mean

differences
Dl - Y-l
L' = %!
L' - D'

Breed of sire

Y mean

differences
D-¥
L-Y
L-D

STANDARD ERRORS ARND DIFFERENCE

28

Individual pig weights, kg Ape to
B R T e e e T R e A e B A e T 95.3 kg,
0 day 21 day 56 day 154 day day
1.28 4,61 12.92 64 .38 207.43
0.02 0.08 0.22 0.84 1.57
1.35 4.62 12.95 65.02 203.00
0.02 0.08 0.21 0.81 1.54
1.36 5.09 14.40 67.89 196. 74
0.01 0.07 0.20 0.77 1.46
0.07*=* 0.01 0.03 0.64 ~4.43
0.08%=* 0.48%%* 1.48%* 3.51%% -10.69%*
0.01 0.47%* 1.45%* 2.87%% -6.26%%
1.26 4.52 13.13 63.93 206.19
0.02 0.09 0.24 0.92 1.75
1.36 4.92 13.19 66.09 201.14
0.01 0.07 0.20 0.75 1.43
1.37 4,88 13.96 67.27 199. 85
0.01 0.07 0.19 0.74 1.40
0. 10%* 0. 40%* .06 2.16 =5,05%*
0.11#%* 0.36%% 0. 83** 3.34%% —6.34%%*
0.01 ~-0.04 0.77%% 1.18 -1.29

Y', D' and L':

**% P<.01

Yorkshire, Duroec and Landrace gilts
Y, D and L: Yorkshire, Duroc and Landrace boars
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TABLE 10. LEAST SOUARES MEAXNS, STANDARD ERROR AND DIFFERENCES

FOR TEED EFFICTENCY AND CARCASS MEASUREMENTS BY

BREED OF DAM AND BREED OF SIRE

Feed/Gain Fecd/Gain Carcass Carcass  Loin vye
Ttem 56-154 day 56 day-end length backfat arcy
cm Chl cm
Breed of dam
Y' mecan 3.05 3.32 78.11 3.22 30.67
s.C. 0.04 0.04 0.21 0.04 0.41
n' mean 3.03 3.33 76. 84 3.31 29.51
5.e. 0.04 0.03 0.19 0.04 Q.38
L' mean 3.13 3.37 77.74 3.33 29.12
S.e. 0.04 0.03 0.18 0.04 0.36
differences
D'-Y' -0.02 0.01 -1.27%* 0.09 ~1.16%
L'-y' 0.07 0.05 -0.37 0.11 -1.55%%*
L'-D' 0.10 0.04 0.90%% 0.02 ~-0.39
Breed of sire
Y nean 3.15 3.41 77.72 3.32 28.97
s.e. 0.04 0.04 0.21 0.04 0.41
D mean 3.00 3.27 76.96 3.22 30.77
s.e. 0.04 0.03 0.19 0.04 0.37
L mean 3.07 3.34 78.01 3.31 29.56
s.e. 0.04 0.03 0.19 0.04 0.37
differences
D-Y -0.15 -0.14%* -0. 76%%* -0.190 1.80*=*
L-Y -0.08 -0.07 0.29 -0.01 0.59
L-D 0.07 0.07 1.05%* 0.09 ~1.21%%

Y', D' and L": Yorkshire, Duroc and Landrace gilts
Y, D and L: Yorkshire, Duroc and Landrace boars

k% P< Q1

* P<.05
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TABLE 11. LEAST SQUARLS MEANS, STANDARD ERRORS AND DIFFERENCES
FOR CARCASS CUT YIELDS BY BREED OF DAM AND BREED OF
STRE
4 lean cuts, 7% 5 lean cuts, 7
Item American Japanese Pooled Amcrican Japanese Pooled
Breed of dam
& mean 59.69 64.95 62.55 78.70 76.34 77.76
s.e. 0.52 0.59 0.46 0.58 0.65 0.47
D' mean 60.01 63.99 62.09 79.49 75.86 77.81
s.e. 0.50 0.54 0.43 0.55 0.60 0. 44
L' mean 59.47 64.49 62.18 79.32 76.44 78.06
s.e 0.45 0.53 < 0.41 0.50 0.59 0.42
differences
D'-Y' 0.32 -0.96 -0.46 0.79 -0.48 0.05
L'-y' -0.22 -0.46 -0.37 0.62 0.10 0.30
L'-D' -0.54 0.50 0.09 -0.17 0.58 0.25
Breed of sire
Y mean 59.52 64,82 62.29 79.08 76.37 77.87
5.e. 0.51 0.62 0.47 0.56 0.69 0.48
D mean 60.63 64.28 62.70 79.78 76.15 78.18
s.e. 0.48 0.54 0.42 0.53 0.60 0.43
L mean 59.01 64.32 61.83 78.64 76.13 77.58
s.e 0.50 0.51 0.42 0.55 0.56 0.43
differences
D-Y 1.11 -0.54 0.41 0.70 -0.22 0.31
L-Y -0.51 -0.50 -0.46 -0.44 -0.24 -0.29
L-D -1.62* 0.04 -0.87 -1.14 -0.02 -0.60

Y', p" and L':

Y, D and L:
* I'<,05

Yorkshire, Duroc and Landrace gilts.
Yorkshire, Duroc and Landrace boars



TABLE 12.

OF

Item

Breed of dam

Y! mnean

D' mean

L' mean

differences
D'-y'
L'-Y'
L'-D!

Breed of sire

Y mean

differences
D-Y
L-Y
L-D

llam and loin percentage, 7%
American

40.

39.

40,

40.

41.

39.

|
o]

-1.

54
42
97
.40
41
.37

.57
.13
Cab

04
A1
08
.38
79
-40

.04
.25
29

38.
.40
37.
.37
38.
. 36

STRIE

Japanese

27

85

46

42

0.09
0.61

38.
42
38.
.37
38.
e 3D

08

22

30

0.14
0.22

.08

Poolecd

39.
. 34
39.
.30
39.
.30

.58
.33
.91
.31
.58
.30

.67
.00
.67

15

79

12

. 64
-0.
-0.

03
67

LEAST SOUARES HEANS, STANDARD ERRORS AND DTVFFLRENCES FOR
HAM AND LOIN TERCENTAGE AND DRESSING PERCENTAGE
DAM AN} BREED OF

BY BREED

Dressing percentage, 7

78.

77.

7.

77.
.35
77.
.35
77.
.35

American

66

68

76

.02

0.10

.03

Il
.34
76.
.31
76.
.31

76.

Japanese

43

93

94

.50
.49
.01

7?
.36
7
.29
77.
.29

43

11

0.66
Q.34

.32

Paoled

77.
.24
7
.23
77.
w2

£t

22

13

.50
.59
.09

w22
.25
77.
e
77.
i

47

38

0.25

.16
.09

31

Y', b' and L':

Y, D and L:

Yorkshire, Duroc and Landrace gilts
Yorkshire, Duroc and Landrace boars
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mating group, performance and carcass traits are presented in
Tables 13, 14, 15, 16, 17, 18, and 19. Interaction of breed of
dam and breed of sire reflects non-additive genetic effect. Comparing
least squares means among mat ing groups provides a measure of
differences between purebreds, between crossbreds and between mating
groups, heterosis, general combining ability, specific combining
ability and maternal effects.

Number of Pipgs in a Within Litter Mating Group. XNumber of pigs

in a within litter mating group was two more (P<.05) at birth for
purcbred Landraces than for purebred Yorkshires (Table 13). Duroc
groups averaged a non-significant 1.75 more pigs than the purebred
Yorkshire groups.

Among the crosshbred groups, Yorkshire x Laundrace crosshreds
had 1.28 more pigs (P<.05) than the Duroc x Landrace crossbreds
(Table 13).

A éomparison among the nine mating groups revealed that in spite
of the fact that equal volumes of semen and numbers of sperm frem
two boars of different breeds were mixed before artificial insem-
-ination, the numbers of pigs in littermate mating groups were dispro-
portionate. When littermate mating groups were purebreds and crossbreds
or both were crossbreds, there were on the average 3.51 purebred
Yorkshire littermates at birth, whereas there were 5.58 purebred
Landrace littermates and 5.26 purebred Dureccs (Table 13). The number
of littermates among crossbred groups, ranged from 4.34 pigs for

Duroc sires and Landrace dams to 6.15 pigs for Landrace sires and
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Yorkshire dams. The number of littermates from the Yorkshire by
Duroc mating was a nonsignificantly 1.01 pigs larger than that {rom
Duroc by Landrace mating. Lush et al. (1939) reported there was no
general tendency either for more purebreds or for more crossbreds to
be produced in the double mating litters. However, Sumption (1960)
reported that in the case of multisiring, sperm of Berkshire,
Minnesota No. 1 and Yorkshire sires were less competitive than these
from Duroc and Hampshire sires. In this study Landrace and Duroc sires
were more effective competitors when a semen mixture was inseminated.

Specific combining ability between Yorkshire and Landrace was
significant for the number of pigs in a within litter mating group
since their crosses produced 1.26 more pigs (P<.05, Table 18).

Heterosis was not significant, but the average number of pigs in
crossbred mating groups was larger than in purebred mating groups
(Table 13). On the averaée, there were 0.50, 0.42, 0.43 and 0.36
more pigs in crossbred mating groups accounting for 9.8, 9.7, 10.1
and 8.7 percent more pigs at birth, 21, 56 and 154 days of age,
respectively. This indicated a few more pigs in a within litter
crossbred mating group when a semen mixture from two boars of two
breeds was inseminated.

Weights. Highly significant (P<.01) differences in weight
existed at all ages except at birth among purebreds. Landrace pigs
were heavier (P<.01) than Duroc and Yorkshire; consequently,
purcbred Landrace reached 95.3 kg 14.9 and 23.6 days sooner (P<.01)

than Duroc and Yorkshire, respectively (Table 14). Although Durocs
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were some heavier than Yorkshires at most apes, Durocs reached 95,3 kg
8.8 days later (P<.05) than Yorkshires.

Among the crossbreds the Duroe x Landrace pigs were heavier at
all ages (P<.05 at 21 and 1%4 days) and rcached 95.3 kg 5.4 davs
sooner (P5.05) than the Yorkshire x Landrace crossbhreds (Table 14).
Yorkshire x Duroc crossbreds were slightly heavier than Yorkshire x
Landrace crosshreds, but the difference between these two crossbreds
wias not signilicant.

Among the nine mating groups all crossbred groups of pigs were
heavier (P<.,01) than purebred Yorkshire and Duroc pigs and reached
95.3 kg body weight sooner (P<,0l) than the two purebreds. The Duroc
x Landrace (DL') pigs were heaviest at all ages and reached 95.3 kg
at the earliest age. At 154 days of age DL' pigs were 17 kg heavier
(P<.01) than Yorkshire purebreds (YY') which were lighter at all ages
and reached 95.3 kg 36.4 days later (P<.01) than Yorkshire purebreds
(Table 14). Duroc x Yorkshire (DY') group was second heaviest at
154 days of age and the second group to reach 95.3 kg weight (P<.01).

Specific combining ability was highly significant (P<.0l) for
weights of Yorkshire x Duroc (YD' and DY') crossbreds and for Duroc x
Landrace (DL' and LD') crossbreds at 21, 56 and 154 days of ages
(Table 14). 1t was also highly significant (P<.01) for weights of
Yorkshire x Landrace (YL' and LY') at 154 days of age. Average ages
at 95.3 kg for Yorkshire x Duroc, Duroc x Landrace and Yorkshire x
Landrace crossbred combinations were 27.4, 16.4, and 17.5 days,
respectively, less than those for their parental purebreds (P<.01,

Table 14).
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Heterosis existed siuce there were highly significant differences
(P<.01) in weights at 21, 56 and 154 days and age to 95.3 kg favored of
the crossbreds. On the average crossbreds were 0.33, 1.39 and 10. 39
kg heavier (P<.01) than the purcbreds at 21, 56, and 154 davs,
respectively (Table 14). These results were in agreement with studics
by Gregorv and Dickerson (1952), England and Winters (19%3), Gaines and
Hazel (1957) and Smith et al. (1960). A useful quantitative measure
of heterosis is the difference between purebred and crossbred least
squares means as a fraction of the general least squares mean for a
trait (Bereskin et al., 1971). Traits such as weights at birth, 21,
56 and 154 days showed about 0, 6.9, 10.3.and 15.8 percent heterosis,
respectively. The crossbreds reached 95.3 kg 20.4 days sooner (P<.01)
than the purebreds, which indicated 10.1 percent heterosis. The
crossbred advantage was 10.5 days more than the 9.9 days reported by
Johnson et al. (1973). 1In general this study is in agreement with
earlier studies by Winters et al. (1935), Hutton and Russell (1939)
and Lush et al. (1939), when pig weights at birth were intermediate to
those of the parental breeds but at weaning and subsequent ages
crossbreds surpassed the parental averages by 8 to 18 percent.

Moderate Yorkshire maternal effects on pig weight were present
during the early stage of nursing, poor at weaning, but improved at
154 days. Duroc dams were poor through all ages and were inferior
(P<.01) for weight of pigs at 21 days of age (Table 19). Landrace
dams had a negative maternal éffect on birth weight but favorahle
effects at other ages with a significant (P<.01) advantage for pig

weight at 21 days of age.



* P<.05

TABLE 13. LEAST SQUARES MATING GROUP MEANS, STANDARD.ERRORS
AND SPECIFIC COMPARTISONS FFOR NUMBER OF PIGS IN
WITHIN LITTER MATING GROUPS
Number of pigs in a within litter mating groups
Tten 0 day 21 day 56 day 154 day
X 5.12 4.33 4,24 4.15
Yy’ 3.51%0.68 3.43%0.72 3.3570.869 3.35'0.67
DY' 6.1113.58 5.35%0.52 5.15+0.50 4.9910.49
LY' 6.1520.63 5.53%+0.59 5.57+0.57 5.47#0.56
YD' 4,9520. 64 3.8430.57 3.70%0.55 3.49+0.55
pD' 5.2640.58 3.9980.53 3.8620.51 3.82:0.50
LD' 4,70+0.59 4.23%0.56 4.23%0.54 4.2010.52
YIL' 5.46+0,57 4.2040.55 4.00x0. 52 3.8620.51
nL’ 4.34+0.59 3.65+0.55 3.6540.53 3.61%0.51
LL' 5.5820,55 4.71%0.52 4.63+0.50 4.5520.49
Purebreds
PDD'—YY‘ 1.75 0.56 0.51 0.47
Pro-vy 2.07% 1.28 1.28 1.20
PLL'—DD' 0.32 0.72 0.77 0.73
Crossbreds
CYLHYD 0.27 0.27 0.36 0.42
CDL—YD -1.01 -0.66 -0.48 -0. 34
*)
CYL—DL 1.28 0.93 0.85 0.76
Specific combining ability
SCA(YXD) 1.15 0.89 0.82 0.66
*

SCA(YxL) 1.26 0.80 0.80 0.71
SCA(DXL) -0.90 ~-0.41 -0.30 -0.28
Heterosis 0.50 0.42 0.43 0.36
General combining ability
GCAY 0.38 0.26 0.22 0.18
GCAD -0.26 -0.20 -0.20 -0.20
GCAL -0.12 -0.06 -0.02 0.01
Maternal effect
MY 0.93 1.42 1.51 1.56
MD -0, 40 -0.47 -0.43 -0.45

. ML -0.53 ~-0.96 -1.08 -1.10

36
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TABLE 14,  LEAST SOUARES MATING GROUP MEANS, STANDARD LERRORS
AND SPECTFIC COMPARISONS FOR INDIVIDUAL PI1CG
WETGHT AND AGE TO 95.3 kg
Individual pig weight, kg
RN T T RTRTITE T TR RS TR A}',l." o
Item 0 day 21 day 56 day 154 davy 95.3, day
X 1.33 4.77 13.43 65.76 202.39
Yy' 1.2240.03 4.1540,17 11.8010.49 55.34%1.,85 226.8313.51
DY’ 1.29+0.02 4.7940.10 13.2410.30 69.4611,12 194.9742. 14
LY? 1.32:0.03 4,8910.12 13.73:0. 34 68.3411.28 200.50'2.43
¥n' 1.31+0.03 4.66%0.14 13.89+0.40 69.76+1.51 195.10'2.87
bD' 1.3710.02 4.48+0.13 11.2540.36 56.4811.37 218.0412.62
1.D' 1.38+0.03 4.7310.13 13.71+0.35 68.81:1.33 195.87+2.52
YI.' 1.26%0.02 4.7640.13 13.6810. 36 66.67+1.38 196.654+2.62
DL 1.42+0.03 5.4740.13 15.0740.37 72.32+1.40 190.4042.65
LL' 1.40+0.02 5.0240.11 14.44+0.32 64.6781.22 203.1912,32
Purebreds
- - Q%
PDD'—YY' 0.15 0.33 0.55 1.14 8.79
PLL'—YY' 0.18 0.87** 2. 64%% 9, 33%% =23.64%%
*k dk %%k - %
?LL'~DD' 0.03 0.54 3.19 8.19 14.85
Crossbreds
CYL—YD -0.01 0.10 0.14 -2.11 3.54
&% % i
CDL—YD 0.10 0, 38%7¢ 0.83 0.95 1.90
- = * - - *
CYL-DL 0.11 0.28 0.69 3.06 5.44%
Specific combining ability
SCA(YxD) 0.01 0.4]1%* 2.04%% 13.70%% —27.41%%
= Ak - %
SCA(YXL) 0.02 0.24 0.58 7.50 16. 44%
SCA 0.02 0.35%% 1,55%% 9.99%% -17.48%%
(DxL)
Heterosis 0.00 0,33%% 1.39%x* 10.39=%% =20, 44%*
General combining ability
GCAY -0.03 -0.11 -0.25 -0.67 1.22
GCAD 0.02 0.03 .09 0.86 -1.50
GCAL 0.02 0.08 .16 -0.19 0.27
Maternal effect
MY 0.02 0.13 -0.30 0.63 1.86
MD -0.01 -0.44%% -0.35 -1.60 ~-1.60
HL -0.01 0.31% 0.66 0.92 0.92
* P<,05

*% P<,01



TABLE 15,

LEAST SOUARES MATING GROUDT MEANS,

STANBDARD BRRORS

AND SPECTFIC COMPARISONS FOR FEED EFFICTENCY AND

CARCASS

MEASUREMENTS
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Carcass Carcass Loin cye
Feed Gain Feed/Gain lenpth hackfat arga

Item 56-154 dav 56 day-end cm cm cmo
X 3.07 3.34 7756 3.29 29. 77
YY' 3.14+0.08 3.47%0.07 78.1010.43 3.12%0.09 30.49'0.84
nrY' 3.0140.06 3.22+0.05 77.93:0.28 3.2410.006 31.13'0.56
LY " 3.01+0.07 3.2740.06 78.30t0. 30 3.3110.06 30.4010.59
YD' 3.10:0.07 3.34+0.06 77.1410.32 3.3740.06 28.5210.63
DD' 2.99:+0,06 3.36x0.05 75.7620.31 3.28410.06 30.36'0.60
LD' 3.00+0.06 3.30£0.06 77.61+0. 31 3.2810.06 29.6310.61
YL' 3.2040.06 3.41410.06 77.92+0.30 3.4940.06 27.891'0.60
DL' 3.01+0,06 3.23+0.06 77.1940.31 3.1440.06 30.8210.061
LL’ 3.19+0.06 3.46%0.05 78.1240.28 3.37+0.06 28.65t0.55
Purebreds
PDD'~YY‘ =015 -0.11 -2.34 0.16 -0.13
PLL'—YY' 0.05 -0.01 0.02 0.25% -1.84
PLL'-DD' 0.20 0.10 2.36 0.09 -1.71
Crossbreds
CYL—YD 0.05 0.06 0.58 0.09 —-0.68
CDL—YD -0.05 -0.02 -0.13 ~-0.10 0.40
CYL—DL 0.09 0.08 0.71 0.19%%* -1.08
Specific combining ability

= = & -
SCA(YxD) 0.01 0.13 0.60 0.10 0.60

- - * %3 -
SCA(YXL) 0.07 0.13 0.00 0.15 0.43

- - * = *
SCA(DxL) 0.08 0.15 0.46 0.12 0.72
Heterosis -0.05 -0.13* 0.35 0.04 -0.10
General combining ability
GCAY 0.02 0.02 0.14 0.05 -0.25
GCAD -0.02 -0.02 -0.21 -0.05 0.29
GCAL 0.00 0.01 0.07 -0.00 ~0.05
Maternal effect
MY -0.14 -0.13% 0.58 ~0.,16% 2.55
MD 0.04 0.10 -0.19 0.13* -1.89
MI 0.10 0.04 -0.40 0.02 -0.66
¥ P<.05

*% P<,01



TABLE 16. LEAST SQUARES MATING GCROUP MEANS, STANDARD ERRORS
AND SPECIFIC COMPARISONS FOR PERCENT FOUR LEAN CUTS

Four lean cuts, %

Ttem American Japanesce Pooled
% 59.72 64.48 62.27

YY" 59.38+1.00 64.35%1.31 62.3410.95
ny! 60.9520.69 65.3610. 82 63.29:0.63
LY 58.7340.74 65.13%0.83 62.01:0.66
Yn' 60.320.75 66.05+0.96 63.09t0,71
DD' 60.1520,74 62.6210.90 61.67:0.68
Lp' 59.56£0.76 63.29+0.90 61.5210.68
YL' 58.87x0.71 64.07%0.92 61.4310.67
DL’ 60.78+0.72 64.85+0.95 63.13240.69
LL' 58.75t0.71 64.5420.79 61.9710.63
Purebreds

P 7 - =

P oD —yy? 0.77 1.73 0.67
PLL‘—YY' -0.63 0.19 -0.37

P s

PRI L 1.43 1.92 0.30

Crossbreds

CYLHYD -1.83 -1.11 -1.47
CDL—YD -0.47 -1.64 -0.87
CYLnDL -1.37 0.53 -0.60
Specific combining ability

SCA(YxD) 0.87 2 22 1.19
SCA(YXL) -0.27 0.15 -0.44
SCA(DXL) 0.72 0.49 0.50
Heterosis 0.44 0.95 0.41
Gencral combining ability

GC.AY -0.15 0.36 0.05
GCAD 0.53 0.10 0.35
GCAL -0.38 -0.46 -0.39
Maternal Effect

MY 0.25 0.18 0.39
MD =0.93 -0.44 -0.91

ML 0.68 0.26 0.52




TABLE 17.  LEAST SOQUARES MATTHO GROUP MEANS, STANDARD DRRORS
COMPARTSONS FOR PERCENT

AND SPECIFIC

[Ltem

X

¥y
hy!
LY!
YD'
Db
LD
B
DL’
!

Purebreds
P
DR'-YY'

P

LL'-vY'
P

LL'-DDh!
Crossbreds

CYL—YD

CDL—YD

CYL-DL

Specific combining ability

SCA(YXD)

SCA(YXL)

BCR i)
Heterosis

Americ

79.17
78.49:1
79.75+0

77.85.10.
79,9640,
79. 3420,
79.1620,
78.7810.
80.2610.
78.9240.

0.85
0.43
-0.42

-1.54
-0.15
-0.40

0.95
-0.39
0.58
0.38

<l

.10
.77
82
34
82
85
78
810
78

General combing ability

GCAY

GCA
¢ D

GCAL

-0.21
0.49
-0.28

Maternal effect

"y
M,

.

-0.57
-0.46
1.02

Five

lean cuts, 7Z

Japancese

76.
75.
76.
76.
77.
74,
75.
75.
77.
76.

-0.
0.

(o T o R o R

e

-0.

-0.

0.

21

561 1.46
68'0.91
7810.92
6211.06
76*1.00
210,99
9141.02
ont1.06
3940.87

80
83

.63

. 80
.04
.24

.99
.37
.53
.96

.21
.09
.31

03
43
46

FIVE LEAN CUTS

Pooled

717.88

77.50'0.97
78.3610.65
77.4010.68
78.7710.73
77.3210.70
77.35%0.70
77.3540.69
78.8510.71
77.98t0.64

-0.18
0.48
0.66

=119
~0.46
-0.73

1.15
-0.37
0.45
0.41

-0.04
0.32
-0.28

~0.18
~0.55
0.72

10]



TABLE 18. LEAST SQUARLS MATING GROUP MEANS, STAMNDARD pFRRORS

AND SPECIFIC

COMPARTSONS FOR HAM AND LOIN

PERCENTACE

ltam and loin percentage, %

90
56
57
65
62
61
63
65
54

Ttem American Japanose
X 40. 31 38.20
yy! 40,0710, 81 37.7610.
ny'!' 41.85t0.56 38.6010,
LY' 39.7010.60 38.4710.
Yn' 40.10%0.60 38.8310.
nn? 40.03:0.60 37.0710.
LD' 39.79%0.62 37.6510.,
YL' 39.97%0.57 37.6410,
DL 41.3620.58 38.991+0,
LL' 39.9020.57 38.770D.
Purcebred
PDD’—YY' -0.04 -0.69
PLL'—YY' -0.17 1.01
PLL'—DD' -0.13 1.70
Crossbreds
CYL—YD -1.14 -0.66
CDL“YD -0.40 -0.39
CYL—DL ~-0.74 ~-0.27
Specific combining ability
SCA(YXD) 0.92 1.30
SCA(YXL) -0.15 -0.21
SCA(DXL) D.61 0.40
lleterosis 0.46 0.49
General combining ability
GCAY -0.06 0.02
GCAD 0.31 0.16
GCA -0.26 -0.18

L
Maternal effect
MY 0.74 0.30
MD -1.66 -0.55
M 0.92 0.25

L

Pooled

39.35

39.23:0.
40.3610.
39 340
39.3710.
35.65%0.
38.70+0.
38. 84%0,
40.37+0.
39.5240.

-0.58
0.29
0.87

-0.88
-0.33
-0.55

0.92
-0.39
0.45
0.32

-0.04
0.24
-0.20

0.64
~1.33
0.69

69
46
48
51
49
49
49
50
45

41



TABLE 19. LEAST SQUARES MATING GROUP MEANS, STANDARD ERRORS
AND SPECLIFIC COMPARTSONS FOR DRESSING PERCENTACE

s

Dressing percentage, 7

Ttem American Japanese Pooled
X 77.70 77.10 77.36
YY' 78.43%0.70 77.30%0.75 77.8940.50
DY 78.12%0.49 77.8710.47 77.92'0.33
LY' 77.6910.52 77.14%0. 48 77.3610,35
Yo' 77.30%0.53 76.,2340.55 76.7910.38
nn' 77.69+50.52 77.3910.52 77.4470, 36
D' 77.82%0.53 77.18%0.51 77.4370.136
YL' 77.2620.50 76.77+0.53 76.9630. 36
nL' 77.22%0.51 77.03%0.55 77.0410.36
LL' 77.77%0.50 77.0220.45 77.3510.33
Purebreds
PDD'—YY' -0.74 0.09 -0.45
PLL'—YY' -0.66 -0.28 -0.54

o . 0
PLL‘—DD‘ 0.08 0.37 0.0¢9
Crossbreds

o / o o

CYL—YD 0.24 0.10 0.18
CDL—YD -0.19 0.05 -0.12
CYL-DL -0.05 -0.15 -0.06

Specific combining ability

SCA(YXD) -0.35 -0.29 -0.31
SCA(YxL) 0. 62 -0.21 =0.44
SCA{DXL) -0.21 -0.10 -0.16
Heterosis -0.39 -0.19 -0.30
General combining ability

GCAY 0.02 -0.03 0.01
GCAD 0.05 0.04 0.04
GCA] -0.07 -0.01 -0.05
Maternal effect

MY 0.62 1.00 0.75
MD -0.11 -0.74 -0.34

-0.51 -0.26 -0.38

¥l
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Feed Eificiency. Pips of ditferent mating groups differed
(P.0%) for feed efficiency from 56 davs of age to%.3kg weight only
(Tabice 15). No significant difference among purebred progeny was
noted; yot, purcehred Durocs tended to consume feed more efficiently
thar purebred Lordraces or Yorkshires. The Yorkshire x Duroc,
Landrace x Duroe and Yorkshire x Landrace pigs were sltightly more
efficient (P<.05) than purebred Yorkshires or purebred Landraces.

Specific combining ability was significant (P<.05) for feed
efficiency from 56 days of ape to 95.3 kg body weight in Yorkshire
x Duroc (YD' and DY'), Yorkshire x Landrace (YL' and LY') and Duroc
x Landrace (DL' and LD") crossbreds (Table 15).

General combining ability was not significant for feed efficicncy.
Maternal effect was different (I .05) for feed efficiency from 56 days
to 95.3 kg in Yorkshires (Table 15). Although there was no significant
difference for feed efficiency from 56 days to 154 days of age, the
data indicated a trend similar to that found from 56 days to 95.3 kg
body weight. 1In general, crossbreds were superior (0.13 less feed per
unit of gain or 4% heterosis) to purebreds in feed efficiency. This
is in agreement with a reported 3 percent in early studies by Winters
et al. (1935), and Hutton and Russell (1939) who recpotted a 4%
advantage for crossbreds.

Carcass Measurements and Lean Cuts. Breed of sire by breed of

dam interaction for backfat thickness was significant (P<.01).
However, there were several significant differences due to breed of
sire and breed of dam in carcass measurements (Table 10). Interaction

effeets of carcass Jength and loin eye area were not significant.
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Yorkshire purchreds had 0.25 cm less (P<.05) carcars backfat
thickness than Landrace purchreds (Table 15).  Among Lhe crossbreds
the Duroc % Landrace had 0.19 em less (P<.01) backfat than Yorkshire
¥ Landrace crosshbreds. A negative heterosis offect as described by
Pereskin et al. (1971) was also noted in backfat thickness, loin cye
arca and dressing percentage, although differences in backlat thickness
were the only significant breed of sire by breed of dam interaction.

Yorkshire maternal effect resulted in 0.16 cm less (P<.05)
backfat thickness and Duroes caused 0.13 cm more (not significant)
backfat on carcasses of their progeny (Table 15). Specific combining
ability in the Yorkshire x landrace crossbreds contributed 0.15 cm
more (P<.01) backfat and that of the Duroc x Landrace contributed
0.12 cm less (I'<.05) backfat.

Although there were no significant differences in percent four
lean cuts, percent five lean cuts or percent ham and loin, small
differences among the mating groups were in favor of crossbreds
(Tables 16, 17, 18 and 19). 1In general the overall effect of heterosis
for carcass traits was that crossbreds were a little longer, had
slightly more backfat thickness and less loin eye area, yet produced
slightly larger percentages of lean cuts. Johnson et al. (1973) also
concluded that there was little cvidence of heterosis for carcass

measurements or yield of lean cuts.



CHAVPTER V

SIREIARY

In order to comparce heterosis and combining ability of Yorkshirve,
Duroc and Landrace, litters of purcbreds and crosshreds or two types
of crossbreds in the same litter were produced by inseminating o
mixture of secmen containing an cqual number of sperm [rom two boars
of different breeds. Boars from the three breeds were mated with the
gilts in a diallel mating scheme which resulted in three types of
purebred progeny and six types of crossbred progeny.

Differences in years were significant for most of the trairs
studied. Sex significantly affected post-weaning performance and
carcass traits. Breed of dam and breed of sire had significant effects
on some traits: Landrace sired 1.17 pigs more (P<.0l) in a within
litter mating group at 154 days of age than Yorkshire. For weight
gains of pigs, Landrace showed superior (P<.0l1) as a sire or as a dam
while Duroc appeared to be superior (P<.0l1) as a sire only. Pigs by
Duroc sires had the lowest (P<.05) feced requirement per kg of gain.
Pigs by Yorkshire or Landrace (either dam or sire) had longer (I'<.01)
carcasses. Yorkshire dams and Duroc sires produced progeny slightly
superior in carcass merit.

Interaction of breed of dam by breed of sire expressed heterosis
for pigs born during both ycars. Interactions of year by breed of
dam and by breed of sire also indicated heterosis that was different
in magnitude but in the same direction. Heterosis expressed as

significant differences between overall averages of purebreds and
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crosshreds was not significant but the averapge number cf pigs in
crosshred mating groups was larger than those in purebreds and
accounted for 9-107 heterosis.  Specific combining ability hetween
Yorkshire and Landrace was sipgnificant (P7.05) for number of pigs in
a mating group.

There were significant heterosis effects expressed for heavier
(P<.01) individual weight of crossbreds at 21, 56 and 154 days of
age. Crossbreds reached 95.3 kg 20.4 days sooner (P<.01) and were
more cfficient (P<.05) in gain than purcbreds. Specific combining
ability was also significant for these weights except between Yorkshire
and Landrace crosses for weights at 21 and 56 days. There was little
evidence of heterosis for carcass measurements and yvields. A negative
heterosis was found in backfat thickness, but it was not significant.
Specific combining ability between Duroc and Landrace and between
Yorkshire and Landrace were significant for backfat thickness.

This study showed that among the mating groups, progeny from
Landrace and Yorkshire (LY' or YL'} produced more pigs in a within
litter mating group but had slower weight gains and carried more
backfat. TIn contrast Duroc and Landrace crosses (DL' or LD') produced
fewer pigs in a within litter mating group but gained weight faster
and more efficiently, rcached 95.3 kg earlier and carried less
backfat. For breeding market swine in a two breed cross, the mating

of Duroc sires and Landrace dams is the most desirable cross.
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APPENDIX



APPENDIX TABLE 1. ANALYSIS OF VARTANCE TFOR NUMBERS OF PICS
IN A WHTHIN LTTTER MATING CROUDS

Mean squares lTor No. of pigs in a
within litter mating groups

Source of e e
variation df 0 day 21 duay 56 day 154 dav
Year (Y) 1 1.88 34.78% 27.58%* 18.87
Dam hreed (B") 2 1.51 9.95 10.15 10.29
Sirce breed (B) 2 13.67 16.32 20.65 22.22%
B' x B 4 27.19% 9.23 7.33 5.48
B'" x Y 2 3.88 4.31 Zod2 1.52
BxY 2 24,66 17.49 22.21% 22.33%
B xBx¥Y 4 11.88 16.20 16.61 14.69
Residual 223° 9.28 7. 52 6.88 6.57

FResidual degrees of freedom for 21, 56 and 154 day wcre
209, 208 and 206 respectively.

*P<.05
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APPENDIX TABLE 2. ANALYSIS OF VARTANCE FOR 1NDIVIDUAL PIG
WEIGHTS AND ACES 70 95.3 kg

Mean squares for individual pig weights and
age to 95.3 kg

Source of 0 day 21 day 56 day 154 day Age to
variation df weight weight weight weight 95.3 kg
Year (Y) 1 0.22 2.46 1234 .17#= 55.01 24691.25%%
Sex 1 0.65%* 0.53 0.22 2036.27%% 10079, 18%=%
Dam breed (B') 2 0.73%%  21.18%% 201.09%% 963.68%% 7708. 14**
Sire breed (B) 2 1.10%%* 11.43%=% 63.11%%* 700.13=* 2613.32%
B' x B 4 0.11 7.13%* 127.94%*%  5033.97%% 18575.03%*
B' x Y 2 1.09%=% 0.28 43.61% 111.43 189.93
BxY 2 0.04 1.99 40.35% 1190.39=%% 1463.37
B' xBxY 4 0.25% 6.71%% 4.63 49.49 192.58
Residual® 1232 0.09 1.56 12,12 172.91 617.53

aResidual degrees of freedom for 21 day weight = 987, residual degrees of
freedom for 56 day weight = 960, residual degrees of freedom for 154 day
weight = 938 and residual degrees of freedom for age to 95.3 kg = 916,

* P<.05
®#% P<.01



APPENDIX TABLE 3.  ANALYSIS OF VARTARCE FOR TELED ETFICIENCY
AND CARCASS MUEASUREMENTS

B T Tt S

Mean squares for feed efficiency and carcass measurements

Source of a Vcedf?uin Feed/Gain Carcass Carcass  loin eve b
variance df 5C-154 day 56 day-end  length backfat area df
Year (Y) 1 3.906%* 2,10%% 273.43%% 23 _84%% 226 02%% 1
Sex = = = 42 .68%% 2.83%%  53p.51%% 1
Dam breed (B') 2 0.23 0.04 61.03%% 0. 45+ 88. 74%% 2
Sire breed (B} 2 0. 34* 0.33% 48.51%*% 0.53+ 119.00%* 2
B' x B 4 0.07 0.21% 8.46 0.69%% 17.68 4
B' x Y 2 0.02 0.14 1.24 0.25 3.49 2
BxY 2 0.00 0.01 1.57 0.07 58.26%% 2
B" x BxY 4 0.06 0.0l 19.15%%  0.44% 6.76 4
Slaughter = - - 960.17** 3.4G%%  1055.27%% 1
weight '
Residual 200 0.10 0.08 4.53 0.18 17.52 4377

aDegrees of freedom in far-left column apply to feed/gain.

b ; ;
Degrees of freedom in far-right colunm apply to carcass measurements.

*P<, 05
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APPENDTX TABLE 4,  ANALYS1S OF VARIANCE FOR CUT YTELD FROM CARCASSES €77 THE
AMERTCAN METHOD AND JAPANESE METHOD AND POOLED METHOD

Mean squares for 4 lean cuts and 5 lean culs

Source of A leanemts 0 5 lean cuts
variation df  American Japanese Pooled American Japanese Pooted
Year (Y} 1 3914.74%% 379.38**% 1434, 17%* 1913.47%% 5735.38%% 224 40%=
Sex 1 47.11 226.14%% 314.28%* 12.41 225.85%% 232, 17%%
Dam breed (B') 2 6.60 13.31 7.74 13.18 6.00 4.00
Sire breed (B) 2 64.87%% 4,66 31.47 31.71 0.89 15.04
cut?® 1 = - 1172.88%% - = 303. 79%=
B" x B 4 10.98 32.22 34.064 12.07 28.02 31.27
B' x Y 2 0.82 28.80 16.67 9.49 33.30 33.77
Bxy 2 11.24 28.77 13.15 16.42 15.62 7.97
B'" x BxY 4 11.32 42.87 10.90 15.48 41.06 21.98
Slaughter 1 23.22 41.96 71.66 11.67 20.37 23.09
weight
Residualb 476 14.03 17.17 22.33 17.23 21.18 23,49

aDegreeS of freedom for pooled data.

bDegrees of freedom for pooled data, degrees of freedom for American cutting =
265 and degrees of freedom for Japanesc cutting = 192,

* P<,.05

*% P<.01
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APPENDIX TABLE 5.  ANALYSIS OF VARTANCE FOR HAM AND LOIN PERCERTAGES
AND DRESSING PERCENTACES BY CUTTING METIIOD

Mean squares for hom and loin percentage and
dressing percenLage

Source of _Mam and Join pereentage  __ Dressing percentage
variation df  American Japanese I'ooled American  Jdapancse  Pooled
Year (Y) I 1923.27%% 114.68%% 854,60~ 43, 14%* 0.00 6.99
Sex 1 66.02%% 119.19%* 227.55%% 11.45 0.14 2411
Dam breed (B') 2 7.22 6.31] 22.30 9.00 4,64 13.82
Sire breed (B) 2 43,59%% 0.69 22,96 9.22 5.86 1.94
cut” 1 - - 687. 52 - - 22.68
B' x B 4 9.77 14.74 19.76 3.70 2.25 5.40
B' xY 2 3.01 12.69 5.15 28.20% 15.33 33.57%%*
B Y 2 8.04 6.95 14,20 3.58 6.94 19.77
B'" xB xY 4 12.22 20.23% 9.96 0.85 5.36 4,40
Slaughter 1 19.85 15.43 43.49 6.46 5.29 9.21
weight
Residualb 476 9.17 8.03 11.68 6.89 5.67 6.27

aDegrees of freedom for pooled data.

Degrees of freedom for pooled data (degrees of freedom for American cutting =
265 and degrees of freedom for Japancse cutting = 192).

* P<.05
*% P<,01
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Boars and gilts from the three breeds were used in a diallel
mat ing scheme which allowed a comparison of heterosis and combining
ability of Yorkshires, Duroes and Landraces. Purebreds and crossbreds
or two types of crossbreds were produced in the same litter by
inseminating a gilt with a mixture of semen containing an equal number
of spermatozoa from two boars of differont breeds. A total of 1251
pigs from 150 litters or 241 within litter mating groups were {arrowed
in 1971 and 1972 representing three purebred and six crossbred mating
groups each year. The traits studied were the number of pigs in a
within litter mating group, individual pig weight at birth, 21, 56
and 154 days, age to 95.3 kg, feed efficiency, carcass measurements
and cut yields.

Year differences were significant for number of pigs in a within
litter mating group at 21 and 56 days and were highlv significant for
pig weights at 56 days, age to 95.3 kg, feed efficiency, carcass
measurements and cut yields. Sex highly significantlv affected
weights at birth and 154 days, age to 95.3 kg, carcass measurcments
and cut yiclds. Breed of dam and breed of sire significantly affected
several traits. Landrace boars sired 1.17 more pigs (P<.01) in a
within litter mating group at 154 days of age than Yorkshire sires.
Landrace produced heavier progeny (P~.01) both as sires and as dams.
Duroc sires produced pigs with the lowest (P<.05) feed requirement
per kg of gain. Pigs produced by Yorkshire and Landrace (dam or
sire) had longer (P<.Cl) carcasses. Pigs produced by Duroc boars

yielded leaner carcasses (P<.03).



Differences in the numbers of pigs in a within litter mating
group existed (P<.05) at birth. Landrace and Duroc sires were morce
effective competitors when a semen mixture was inseminated, resulting
in 6.15 pigs by Landrace x Yorkshire and 6.11 pigs by Duroc x Yorkshire.
The average number of pigs in crossbred mating groups was loarger than
in purchbreds and accounted for 10 percent heterosis. Specific
combining ability between Yorkshire and Landrace was significant for
the number of pigs in a within litter mating group.

Heterosis was expressed by heavier (P<.01l) individual weight
at 21, 56 and 154 days and crossbreds reached 95.3 kg 0 days sooner
(P<.01) and more efficient (P<.05) than purebreds. For these traits,
the three types of crossbreds exceeded the two parental breeds involved
in the cross ecxcept for Yorkshire and Landrace cross for weight at 21
and 56 days. There was little evidence of heterosis for carcass
measurements and cut yields. A negative heterosis was found in backfat
thickness lLut it was not significant; however, the Duroc and Landrace
crosshreds had less (PP<.05) and Yorkshire and Landrace crossbreds had
more (P<.05) backfat than the parental breed averages.

Landrace and Yorkshire (LY' or YL') produced more pigs in a
within litter mating group but their progeny gained more slowly and
hacd more backfat. In contrast Duroc and Landrace cresses (DL' or LD')
produced fower pigs in a within litter mating group but gained faster

and more efficiently, reached 95.3 kg earlier and had less backlat.





