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Abstract:

The reproduction characteristics of 343 sows in six different breeding groups were analyzed (o es-

timate the crossbreeding parameters. The results indicated that the ovulation rate and the weights of uterus and
ovary are mainly determined by the additive genetic effects while the nonadditive genetic effects play an impor-
tant role in embryonal traits and litter performance. The heterosis effects in the first litter are larger than those

in the second litter because of heterosis  environment interaction. The results also showed the existence of a
highly significant maternal heterosis effect on the fertility traits of sows.
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INTRODUCTION

Rotational crossbreeding is specially useful
under unfavorable hygienic and infrastructural
conditions, and allows for optimum utilization
of individual and maternal heterosis effects of
the dam as well as the individual, maternal
and grand maternal heterosis effects of the
piglets, beside an appropriate combination of
the breed effects.
the realization of these crossbreeding parame-
ters in specific rotational crossbreeding pro-
grams is very scanty. Hence, this investiga-
tion was conducted to evaluate the possible

Information available on

significance of the above effects from a long
term rotational crossbreeding program be-
tween two complementary breeds, Landrace,
known for its fast growth rate and Piétrain,
famous for its muscling ability.

MATERIAL AND METHODS

The analysis was carried out on 343 sows

Landrace pig, Piétrain pig, Crossbreeding parameter, Fertility traits
CLC number:

Q321.6, Q492.6, S813.22

consisting of purebred Landrace (63, Lan-
drace to be mated with Piétrain (38, pure-
bred Piétrain (40, their F; crosses (48) and
rotational groups with Landrace (79) and
with Piétrain (75). During the first two pari-
tiess the size and weights of the litters were
recorded> while in the third parity, four
weeks after successful mating, the sows were
slaughtered and their uteri and ovaries were
weighed and the number of corpus luteum and
embryos were counted. The embryonal sur-
vival rate was directly calculated from the
number of live embryos of 28 days post coitus
and ovulation rate. The trait was defined in
this way because most of the embryonal losses
occurred during the first month of the preg-
nancy (Bolet,> 1986a) and as the swine has a
very high fertilization rate (Perry et al.,
1962).

The analysis was conducted in two steps
(Fu, 1995; 1998). At first> the breeding
group means were estimated with a mixed
model:

y=Xb+Za+Zs+te
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Where, y is a vector of phenotypic perfor-
mance and b is a vector of the fixed effects in-
cluding those due to breeding groups, years,
seasonss age of the dam, type of mating and
the significant interactions between them.
The random effects due to the animal (the
sow effects for embryos or piglets), sire and
error are included in vectors a, s and e, re-
spectively. Z; and Z, are the respective design
matrices. The crossbreeding parameters were
estimated in a second step after the estimation
of the breeding group means (vector r) and
the variance-covariance matrix ( V). The
model was:

;"ZKnge

The design matrix K was constructed ac-
cording to Dickerson’ s model. Here, the
Piétrain was considered as the base for com-
parison. The crossbreeding parameters con-
sisted of individual and maternal additive ge-
netic effect (g; and g,,) as well as respective
heterosis effects Ch; and h,,”. These (vector
g) were estimated with Generalized Least-
Squares procedure (GLS) using the following

equation:

KV 'Kg=KV 'r

RESULTS

1. Rates of ovulation and embryonal survival

The estimates of the crossbreeding param-
eters for ovulation rate; number of embryos
and embryonal survival rate are given in Table
1. All these parameters have a positive effect
on the four traits except the maternal additive
genetic effect for ovulation rate and for num-
ber of total and live embryos. There were
highly significant individual and maternal ad-
ditive genetic effects for ovulation rate. They
were almost of the same magnitude but in dif-
ferent directions. On the contrary the other
traits relating to embryo were more affected
by individual heterosis which were significant
for number of total embryos (1. 82) and
number of live embryos (1. 50) and highly
significant for embryonal rate

(8.29%).

survival

Table 1 Estimates of crossbreeding parameters for rates of ovulation and embryonal survival (28 days p.c.)
Parameter Ovulation rate Number of embryos Number of live embryos  Embryonal survival rate ( % )
N 281 280 280 280
238 14.07 11.40 10.53 73.27
8i 1.47°77 1.04 1.31° 4.68
8m —1.43""" -0.71 —0.87 0.59
h; 0.40 1.82° 1.50" 8.23""
h,, 0.54 0.41 0.61 3.41
N: Number of sows; pp: Overall mean; * P<0.05; " P<0.01; *** P<0.001

2. Litter size

As usually expected> the individual addi-
tive genetic effect and the individual heterosis
effects were significant for all the traits of lit-
ter size (Table 2). The maternal additive ge-
netic effect was significant for the total num-
ber of piglets in the first farrowing, but it was
negative. This effect was also significant both
in first and second parities for number of
piglets weaned, and it was positive. The ma-
ternal heterosis effect was significant for total
number of piglets as well as number of piglets
weaned, and in the first parity was higher

than that in the second one.
3. Litter weight

There was hardly any effect of individual
additive genetic effect on the litter weight in
the first parity but it was significant in the
second one (Table 3). The maternal additive
genetic effect was highly significant with a
large effect on the litter weight at weaning.
The individual heterosis effect was significant
for litter weight at birth in the first parity,
while highly significant for litter weight at
weaning in the second parity. The maternal
heterosis effect was significant for litter
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weights at birth as well as weaning and that
also for both the parities. The effect was
higher in the first parity compared to the sec-

ond one and specially so for the litter weight
at weaning (5.98kg).

Table 2 Estimates of crossbreeding parameters for traits of litters size

Numbers of total piglets at birth

Number of live piglets at birth

Number of piglets at weaning

Parameter

1st parity 2nd parity 1st parity 2nd parity 1st parity 2nd parity
N 343 253 341 252 339 249
mp 7.78 8.45 6.92 8.18 5.67 7.15
8i 1.56" " 1.76" " 1.43°" 1.70" " 0.54" 0.39""
8m -0.89" —0.29 —0.45 —-0.26 0.71"" 0.72"*"
hi 1.157" 1.02"" 1.247" 1.10" " 0.54" 0.71" "~
h, 1.04° 0.79° 0.91 0.56 1.24%" 0.53"

© P<0.05; "7 P<0.01; * " P<0.001

Table 3 Estimates of crossbreeding parameters for traits of litter weight (kg)

Litter weight at birth

Litter weight at weaning

Parameter
1st parity 2nd parity 1st parity 2nd parity

N 341 253 339 249

mp 9.07 11.28 33.44 43.03
gi 0.45 2.93" —1.31 6.15""
S 0.48 -1.13 7.59" 2.86
h; 1.21" 0.88 1.86 3.89""
Ry, 2.06" 1.46" 5.98" 2.85"

© P<0.05; " P<0.01

4. Weights of uterus and ovary

These traits appear to be determined
mainly through additive genetic effects ( Table
4). The individual additive genetic effect was
significant for both uterus and ovary weights
although it was negative for the former. No
significant heterosis effect was observed for
these traits although in general, the maternal
heterosis was higher.

Table 4 IKstimates of crossbreeding parameters for
weights of uterus and ovary

Parameter Uterus weight(g) Ovary weight(g)

N 280 279
M"p 3700 14.73
8i — 387" 1.58""
& 122 -0.93
h; 36 -0.29
h,, 221 0.45

" P<0.05; " P<0.01

DISCUSSION

It is known that the Landrace has higher
fertility than the Piétrain breed. Looking at
the components, there is hardly any differ-
ence between the ovulation rates of the two
breeds. On the other hand, the embryonal
survival rate of the Landrace breed is higher
(by 5.27% ) than that of the Piétrain breed
because of the positive individual and maternal
additive genetic effects. Similar observations
were also reported by Bolet et al. (1986b)
and Bazer et al. (1988), who also suggested
that the higher fertility in Meishan pigs was
not due to higher ovulation rate but due to
higher embryonal survival rate. Thus the at-
tempts to induce superovulation did not in-
crease litter size (Polge, 1982). Further-
more> even if selection was practiced for
higher ovulation rate, it did not increase the
litter size ( Cunningham et al.» 1979), de-
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spite of an intermediate heritability for ovula-
tion rate. Perhaps, a higher rate of ovulation
is automatically associated with a higher em-
bryonal mortality due to a limited uterine abil-
ity. It was observed that embryonal survival
rate had very low genetic foundation, and it
was mainly determined by nonadditive genetic
effects (Bolet, 19860 as was also seen in the
present investigation. Hence an improvement
in fertility has still to be attempted through
crossbreeding.

An important limiting factor of embryonal
survival rate could be the uterine capacity

( Wrathall,  1971:; Couningham, et al.,
1979; Vangen, 1981; Johnson et al.,
1984 ). In the present study, the uterine

weight, as an indicator of uterine capacity>
was even lower in the Landrace breed com-
pared to the Piétrain breed. On the other
hand, if the breed effects were excluded, the
embryonal survival rate was positively associ-
ated with uterine weights (r=0.25). Thus
from the comparison across breeds, it seems
quite likely that it is not only the uterine ca-
pacity that determines the embryonal survival
but that the uterine activity might also play
an important role.

The ovarian weight was taken as a mea-
sure of its activity. A positive relationship Cr
=0.24) was observed between the weight of
the ovary and ovulation rate, despite of the
fact that it undergoes compensatory hypertro-
phy after partial ovariotomy and produces al-
most the same number of eggs as before
(Wrathall, 1971). The individual additive
genetic effect was higher for this trait but it
also seemed to be compensated to some extent
by the negative maternal additive genetic ef-
fect so that there are no large differences be-
tween the two breeds with respect to the o-
varian weights and ovulation rates of the two
breeds.

A very important observation in this in-
vestigation was the significance of individual
and maternal heterosis effects. Among them,
the individual heterosis effect was more im-
portant for embryonal survival and conse-
quently for litter size at birth. On the other
hand, the maternal heterosis effect played a
more significant role in postnatal survival as

well as litter weights at birth and weaning.
Thus, more attention is required to exploit
the maternal heterosis effect for fertility traits
of sowss that means the grand maternal het-
erosis effects for the embryos and piglets.
This can be realized either through crossing of
more female lines or through consecutive
crossbreeding procedures such as rotational
cross breeding. Whereby, the later could be
more preferable due to several economic, or-
ganizational and hygienic advantages specially
for adverse environmental and infrastructural
conditions.
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