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SUMMARY
Data from 3426 pigs born in 324 litters were analyzed to present a
retrospective evaluation of pure breeding, 2-breed crossing, and 3-breed
rotational crossbreeding in the sixties and seventies. Heterosis effect was not
observed for litter size and the average 10 pigs/litter remained constant as
crossbreeding intensified and the management system improved. Sex ratio was not
influenced by parental crossing and no sex ratio biases occured throughout the
study. Purebred Hampshire pigs were heavier at birth and weaning than purebred
Durocs. Offspring of the crossbred dams sired by Duroc or Yorkshire boars were
comparable in birth and weaning weights, but weighed less than those sired by
Landrace boars. Effect of birth weight on weaning weight was consistently
positive whereas litter size influenced weaning weight in a negative manner. Pig
survival was not dependent on parental crossing and did not change over the
years when crossbreeding intensified.
INTRODUCTION
Most commercial pigs marketed prior to the early sixties were purebreds.
Crossbreeding intensified in the sixties to exploit heterosis and combine
strengths of the various breeds. Crossbreeding became so widespread in the
seventies that approximately 90% of U.S. commercial swine producers were raising
crossbred hogs (Christians and Johnson, 1979). One of the chief reasons for
wider acceptance of crossbred hogs is that improvement in reproductive
performance has mainly come from the adoption of crossbreeding systems to
utilize heterosis (Sellier, 1976; Hill, 1982; Ollivier, 1982). Breeders also
used crossbreeding to reduce inbreeding depression accummulated from closed
populations of pure breeding. Excellent reviews of the experimental results
obtained from crossbreeding swine have been presented by several authors
(Fredeen, 1957; Sellier, 1976; Johnson, 1981).
This study presents a retrospective evaluation of pure breeding, 2-breed
crosses, and 3-breed rotational crossbreeding at the Coastal Plain Experiment
Station in the sixties and seventies. An attempt was made to compare the merit
of purebreds and crossbreds for pre-weaning growth and reproduction over the
last two decades. The evaluation of crossbreeding development work at this
Station and the application of achieved research results should help us better
understand which breed or cross would best fit in our future crossbreeding
systems.
MATERIALS AND METHODS
Prior to 1966, two purebred herds of swine (Duroc and Hampshire) were
produced at the Georgia Coastal Plain Experiment Station. Beginning in 1966, a
three-way rotational crossbreeding project was initiated to also produce
experimental pigs. Resulting crossbred sows in each generation were bred to
either purebred Duroc, Hampshire or Yorkshire boars to produce the next
generation pigs. All replacement females were selected from litters produced at
this Station. In 1974, the entire swine herd was moved into environmentally
^Statistical and Computer Services.
^Cooperative Extension Services, Rural Development Center.
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controlled confinement barns. Prior to 1974, sows and boars were maintained on
pasture except for the time spent by the sows in the farrowing barn. When the
swine herd was moved into total confinement in 1974, all purebred Hampshire
hogs, both male and female, were sold and the boars were replaced with purebred
Landrace boars. Also, at this time, all purebred Duroc females were sold and the
sow herd was then composed entirely of three-breed sows.
Before and after moving into total confinement, sows were individually fed
by hand each day. The ration used was a fortified corn-soybean meal diet
containing 14-15% crude protein and about .8% Ca and .6% P. The same diet plus
antibiotics was fed during lactation. Sows were put into the farrowing house on
about day 110 of gestation and were kept in the farrowing crate until the pigs
were weaned at about 35 days of age.
Standard management procedures including ear notching, iron injections and
needle teeth clipping were followed for all pigs. Gilts were mated on the first
estrus after they reached about 7.5 months of age. Those gilts that failed to
conceive on first service were mated again on the next estrus. If the gilts
failed to conceive after the second estrus, they were culled. Sows were mated
at the first estrus after pigs were weaned. They were given two services 18-24
hours apart, and those sows that failed to conceive on the first estrus were
remated. All sows that failed to conceive after the second mating were culled.
Good productive sows remained in the herd from 3-5 parities before being sold.
Further description of facilities and experimental animals is given by Hale and
Bondari (1985).
STATISTICAL ANALYSIS
Weaning weights were adjusted to a common 35-day weaning age according to
the formula:
age adjusted weaning weight = (actual weaning weight - birth
weight) / actual weaning age X 35 + birth weight.
The age-adjusted weaning
weight of the pigs produced from different types of parental crosses was_further
adjusted to a common birth weight and litter size by covariance analysis (SAS,
1982). The statistical model used included effects of birth year,
parental
cross, sex of the offspring, and all possible interactions. Litter size and
birth weight were also included in the model as covariates. Orthogonal contrasts
were used to determine heterosis effects and to test differences among crossbred
or purebred means.
When data consisted of only crossbred hogs (1977-1979),
Duncan's multiple range test was performed by the same computer package to group
the means, The same statistical model was used to analyze birth weight^ data,
except that birth weight was no longer included as a covariate term in the
model. Birth weight data were only, adjusted to a common litter size. A simpler
mathematical model for litter size and sex ratio data included effects for year
of birth, parental cross and the interaction between them. The dependence of
survival of the pigs on parental crossing was tested by chi-square.
RESULTS AND DISCUSSION
Litter performance for pure and crossbred pigs is presented in Tables 1 and
2. Statistics were computed based on data from 3426 pigs born in 324 litters.
Total number of pigs and litters were 607 and 62 in 1966-1967, 1423 and 152 in
1971-1974, and 1396 and 110 in 1977-1979, respectively.
Litter Size
Litter size at birth is an economically important trait with a low
heritability (about 10%). Because of the low heritability, selection of
replacements based on the dam's perfromance has not been successful (Ollivier,
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Table 1. Effect
Y=Yorkshire, and
litter size) and
birth weight) of

Item

of parental crossing (D=Duroc, H=Hampshire, C=crossbred,
L=Landrace) on litter traits and birth weight (adjusted for
35-day adjusted weaning weight (adjusted for litter size and
the offspring (F=female and M=male)

Litter size
Mean
SE

Parental cross3
D X D
9.4
H X H
10.4
D X H
10.7
H X D
9.4
Contrast
Pure vs. Cross
D X D vs. H X H
D X H vs. H X D
Covariate
Litter size
Birth weight
Parental cross
mrc
10.1
H X H
8.6
C X D
10.5
C X H
10.2
C X Y
8.4
Contrast
Pure vs.
Cross
NS
D X D vs.
★
H X H
Among
★
crossbred
Covariate
Litter size
Birth weight
Parental cross
nrc
9.7
C X L
10.7
C X Y
9.8
Covariate
Litter size
Birth weight

0.69
0.69
0.95
0.89

1

4.8
4.9
5.9
5.2

Litter sex
M
F:M

4.6
5.5
4.8
4.2

Birth wt. (g)
Mean
St

1966-1967 data
1.0
1412
0.9
1474
1.2
1415
1.2
1505

24.0
22.5
31.7
30.0

Weaninq wt. (kq)
Mean — si—

8.5
9.5
9.1
9.9

0.20
0.18
0.29
0.25

*

NSd
k

★

k

-23.6**
0.41
0.54
0.53
0.46
0.57

5.2
4.6
5.5
4.9
4.5

4.9
4.0
4.9
5.3
3.9

1971-1974 data
1.1
1531
1.1
1671
1.1
1391
0.9
1523
1.2
1319

4.9
18.9
22.9
22.4
21.6
36.1

-0.03**
3.27
8.2
8.8
8.9
9.2
8.8

0.04
0.37
0.12
0.15
0.15
0.14
0.25

kk

**

kk

NS
kk

0.53
0.88
0.37

★★
-0.12**
2.82

-31.7

3.7

1977-1979 data
1462
1438
1485

16.0
22.5
14.5

7.9p
8.5j
7.8C

-30.3

4.0

-0.15**
2.09

0.03
0.18
0.10
0.15
0.10

kk

0.03
0.19

?Breed of dam X breed of sire.
’ Weaning weight means (1977-1979 data) within a column bearing different
.superscripts differ (P<0.05).
**, *, NS— Indicate P<0.01, P<0.05, and the effect not significant at the 0.05
probability level, respectively.
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1982). Crossbreeding is a proven method of improving litter size. Results of
this study, however, indicates no heterosis effect for litter size both in
2-breed (1966-1967 data) and 3-breed rotational (1971-1974) crossbreeding (Table
1). The 1971-1974 data indicated that variation in litter size existed among
both purebreds and crossbreds. In pure breeding, the Durocs showed a 1.5
piglets/1itter advantage over the Hampshire breed. Crossbred sows sired by Duroc
boars produced litters comparable in size to those sired by the Hampshire boars,
but were about 2 piglets/1itter greater than those sired by the Yorkshire boars.
These significant differences were not observed among crossbreds born during
1977-1979.
Litter size is a biologically complex trait influenced by maternal effects.
Fredeen (1984) considered litter size an aggregate trait with several components
and described how selection could result in substantial genetic gains for some
of the components (e.g. ovulation rate) without increasing the litter size.
Comparison of litter sizes produced during 1966-1979 years (Table 1) indicated
no significant change in this trait (about 10 pigs/1itter). Although replacement
females were selected from among those with improved litter size potential and
the nutritional state of the herd was improved over the years, litter size was
not improved. Research reported by Van der Steen (1985) and other authors (e.g.
Skjervold, 1979; Johansson, 1981; Noguera and Legault, 1984) also confirm this
lack of progress in improving litter size in other countries.
Sex Ratio
The sex ratio is an important fitness character and the distribution of
sexes within litters could impact the efficiency of swine production. The
potential economic gains from genetic manipulation of sex ratios include
benefits from sexual differences in growth and slaughter traits and a greater
selection intensity. Genetic manipulation of the sex ratio in cattle, sheep, and
chicken has been reported by Hohenboken (1981). Gray and Katanbaf (1985) studied
sex distribution based on 3942 litters of Berkshire and 2876 litters of
Yorkshire breeds of swine and concluded that sex ratio could not be altered by
selection. Sex ratios in this study were not influenced by parental matings and
no sex ratio biases occurred the study (Table 1). Several authors, however, have
indicated segregation distortion resulting in more male than female offspring
(Lopes Seco, 1971; Kennedy and Maxley, 1978).
Birth Weight
Several reports (e.g. Bereskin et al., 1973; Fahmy et al., 1978) have
indicated that pigs lighter at birth are less likely to survive and grow slower
compared to those heavier at birth. Young et al. (1976) estimated heterosis
effect for pig weight at birth to be 0.01±0.02 kg. Like litter size, birth
weight is also a maternally-influenced trait being controlled by the size of the
litter, nutritional status of the dam and breed composition. Stone and
Christenson (1982) reported that concentrations of serum albumin in either fetal
or newborn pigs are positively correlated with body weight at birth.
Results of this study indicated no heterosis effects for the birth weight
of 2-breed crosses (Table 1). Purebred pigs were, however, heavier at birth than
crossbred pigs produced from a 3-breed rotational crossbreeding (1971-1974
data). Among purebreds and on a common litter size basis, Hampshire pigs were
significantly (P<0.05) heavier at birth than Duroc pigs. Crossbred dams sired by
Hampshire boars also produced heavier pigs than those sired by Duroc or
Yorkshire boars. No significant difference in litter size-corrected birth weight
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was observed between the two latter groups (CXD and CXY). Year of birth and sex
of offspring also influenced birth weight significantly, but the interactions
involving birth year, sex, and parental cross were not significant. Pigs born
during 1971-1974 were heavier at birth (weighted average of 1500 g) than those
born in the sixties (weighted average of 1452 g) and late seventies (weighted
average of 1466 g). The reason for this weight advantage is the greater number
of purebreds born during 1971-1974 years which were heavier than crossbred pigs.
Crossbreeding has obviously not improved birth weight over the years.
Effect of litter size on birth weight of the pigs was negative and ranged
from -23.6 g in 1966-1967 to -31.7 g in 1971-1974. These results indicated that
an additional one pig born in a litter decreased the body weight of littermates
at birth by 24-32 g (Table 1). Results of a separate analysis indicated that an
increase of 1 kg in farrow weight of the sow was associated with an increase of
about 2 g in birth weight of the offspring. Johnson (1981) also reported a
negative correlation (-0.56) between litter size at birth and pig birth weight.
Reciprocals of the 2-breed cross (1966-1967 data in Table 1) differed
significantly (P<0.05) in birth weight which confirms the influence of maternal
effects on this trait.
Table 2. Effect of parental cross (D=Duroc, H=Hampshire, C=crossbred, Y=Yorkshire, and L=Landrace) on survival of pigs from birth to weaning
No. pigs at birth

%

At weaning

Birth-weaning
No.
%
h
dead
dead0

Parental cross
(dam X sire)

Normal

SBa

Total

1966-1967 data
TTJTD---H X H
D X H
H X D

168
180
93
112

21
14
13
6

189
194
106
118

11.1
7.2
12.3
5.1

138
148
77
100

82.1
82.2
82.8
89.3

30
32
16
12

17.8
17.8
17.2
10.7

1971-1974 data
mrc—
H X H
CXD
C X H
CXY

359
221
232
323
173

34
24
18
24
15

393
245
250
347
188

8.6
9.8
7.2
6.9
8.0

308
197
172
226
133

85.8
89.1
74.1
70.0
76.9

51
24
32
49
34

14.2
10.9
13.8
15.2
19.6

1977-1979 data
m
—
C X L
CXY

623
205
463

43
20
42

666
225
505

6.9
8.9
8.3

502
152
342

80.6
74.1
73.9

94
44
85

15.1
21.5
18.3

Still
born

No

%

aSB=stillborn. bAs percentage of normal-born pigs.
Weaning Weight
Although pigs may be weaned at any age to fit the managment system and
breeding plans, weaning at 3-5 weeks of age is most common. Weaning data
obtained from this study were adjusted to a common 35-day weaning age and were
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corrected for differences in birth weight and litter size. The remaining factor
responsible for variation in weaning data is the difference in pre-weaning
growth rates. Heritability for weaning weight varies considerably, but is
estimated to average about 30% (Hill, 1982). Young et al. (1976) reported
individual heterosis effect on pigs weight at 21 days to be .16±.09. Results of
the present study also confirm crossbred superiority over purebreds in weaning
weight (Table 1). Among purebreds, Hampshire pigs were consistently heavier at
birth and weaning (P<0.05) than Duroc pigs. Among 3-breed crosses, those sired
by Duroc, Hampshire or Yorkshire did not vary significantly at weaning, but the
crossbred pigs sired by Landrace boars were significantly (PC0.05) heavier than
those sired by Duroc or Yorkshire boars. Breed of dam significantly influenced
the weaning weight of 2-breed crosses in favor of the Hampshire breed.
Effect of birth weight on weaning weight was consistently significant and
positive (Table 1) and the regression of weaning weight on birth weight ranged
from 2.09 (1977-1979 data) to 3.27 (1966-1967 data). The effect of litter size
on weaning weight was not significant in the sixties, but did negatively
influence weaning weight thereafter. The reason for this signifacnt change is
not readily apparent except for the smaller number of pigs in 1966-1967.
Overall, these results indicate that an increase of 1 kg in birth weight is
associated with an increase of 2-3 kg in weaning weight of the pigs. The
increase of litter size by one pig on the other hand, decreases the weaning
weight by 150 g/pig. These results are in accordance with the results of earlier
reports concerning the negative influence of litter size and positive influence
of birth weight on weaning weight.
Pre-weaning Survival
Pig survival is a major concern of the hog growers in terms of pig
production and profits.
Causes and prevention of piglet mortality have been
described in a recent review by English and Morrison (1984). Among many causes
of pig mortality, stillbirth is the important one. According to English and
Morrison (1984), a high proportion of stillbirths (75%) are of intrapartum type
in which death occurs during farrowing. In the remaining 25%, death occurs prior
to the actual farrowing. No attempt was made to classify the stillborn pigs in
this study. The incidence was, however, more frequent in the sixties than in
seventies (Table 2). The percentage stillborn pigs during this period
(1966-1967) was influenced by breed of dam and not the breed of sire. Hampshire
dams gave birth to approximately 6.4% stillborns as compared to 11.5% for Duroc
dams. Following this period, the rate of stillbirths ranged from 6.9 to 9.8% and
was not dependent on parental crossing. Many reports have indicated that
stillbirth losses ranged from 4 to 8% (English and Morrison, 1984). Of those
pigs born normal, 10-20% died sometime between birth and weaning time (Table 2).
These losses were also not influenced by parental crossing and were not
significantly reduced by the improved management.
Overall, 70-89% of the pigs were weaned with no apparent dependency on
parental crossing. The percentage weaned was also not improved by crossbreeding
or the improvement in the management system over the years. Other factors
reported to influence piglet mortality are birth weight, vigour at birth,
nutrition, and mangement (English and Morrison, 1984). Stone and Leymaster
(1985) reported that variation in piglet birth weight and albumin synthesis by
the liver accounted for 57% of the variation in survival. Age of the dam,
parity, and inbreeding could also influence pig mortality.
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