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1. Introduction

Extensive literature reviews of crossbreeding results with 
pigs have been presented by GLODEK (1970) and SELLIER (1970 
and 1976), summarizing most pig breeding results relevant to 
this topic up to 1970. Further detailed discussions on this 
subject were held in 1974 at the ZEIST-SYMPOSIUM on BREED 
EVALUATION and CROSSING, where in particular DICKERSON'S 
(1969, 1970, 1973) model equations, as proposed and as ad
justed according to SMITH (1964), MOAV (1966) and JAKUBEC 
and FEWSON (1970) to profit equations, provided theoretical 
measures of comparisons between potential crosses. This 
approach was also mainly followed in the NORDIC SYMPOSIUM 
on CROSSBREEDING in PIGS, held in 1975 in Copenhagen, where 
new Scandinavian experiments were compared with British and 
German field trial results. There SCHLOTE et al. presented 
individual heterosis estimates for single crosses of 3 Euro
pean and 2 American breeds. The last EAAP-Symposium on cross
breeding was also held in Copenhagen in 1974, where a survey 
of new findings from Belgium, the Netherlands and Poland to
gether with the above mentioned more recent European experi
mental results were given (GLODEK, 1974). Since then we in 
Europe have concentrated on the evaluation of practical hybrid 
products rather than doing further test crossing experiments, 
and their results, although regularly reviewed and discussed 
at annual EAAP-meetings, do not provide useful data for he
terosis estimates.

*) Institut fur Tierzucht und Haustiergenetik der Universitat 
Gottingen, W.-Germany
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However, in North America, particularly in the comprehensive 
and so excellently documented Oklahoma-experiment (OMTVEDT 
et al., 1973: and WILSON and JOHNSON, 1981) and a few others, 
reviewed by JOHNSON (1981), a new category of crossbreeding 
experiments, designed to estimate DICKERSON'S parameters, 
have been undertaken. Only very recently have some Asian 
crossbreeding results been reported (PARK and KIM, 1982), but 
mainly using well known Western breeds. However, a new era 
of pig crossbreeding may commence if systematic use is made 
of the very fertile leading Asian breeds, as first publica
tions by WU and ZHANG (1982) from China and some French re
sults with imported Chinese pigs suggest.

Assuming that this audience is familiar with the earlier cross
breeding results, I will only very briefly summarize some con
clusions here and thereafter deal in more detail with the more 
recent American experiments.

2. Conclusions from earlier crossbreeding experiments

(1) Individual heterosis effects - as to be utilized in single 
breed cross progeny - reach up to 5 %  of the parental purebred 
mean in weaning-, 2 - 3 %  in growth and 0 %  in carcass performance 
traits. When feed consumption and growth rate is increased, the 
resulting greater fat deposition may even reduce the carcass 
value of such crosses. Usually single breed crosses are not made 
for their heterosis but rather for complementary additive effects 
between specialized sire and dam breeds. The variation among 
crosses in individual heterosis for three litter traits as esti
mated somewhat inaccurately by SCHLOTE et al. (1974) (only one 
purebred parent included) was extremely high. Crosses with 
highest and lowest individual heterosis estimates differed by 
more than twice the average individual heterosis effect in lit
ter size at birth and weaning! Similar conclusions can be drawn 
from SELLIER's (1976) literature review.

(2) Maternal heterosis to be utilized in crossbred progeny out 
of first cross mothers, although seldom properly estimated, 
adds on average 5 %  to 10 %  in weaning performance, due to the 
better mothering abilities, but nothing measurable in the other
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traits. There are also indications that crossbred sows last 
longer than purebreds but this needs further experimental proof. 
Undoubtedly the most prolific crossbred sow in Europe is the 
first cross between the two best dam breeds Landrace and Large 
White (Yorkshire). The position of both breeds is completely 
neglected in some countries (United Kingdom, Sweden, France) 
and varies in others according to the dominating breed (Germany, 
Denmark, the Netherlands, Switzerland, Austria, Finland), indi
cating that any reciprocal differences are small. In countries 
with predominantly white boar breeds (United Kingdom, the Ne
therlands) the Duroc-Landrace crossbred sow has recently recei
ved some attention (BRASCAMP et al., 1979).

(3) Paternal heterosis, even without proper estimates, is belie
ved to have positive effects on boar vitality (GLODEK, 1980) and 
thereby improve mating success rates, but no significant breed 
of boar effects have been found in litter performance, growth 
and carcass traits (LISHMAN et al., 1975). In an unpublished 
study involving extensive data (GLODEK, 1980),six four-line 
crosses were compared with all necessary three-line crosses to 
estimate paternal heterosis effects for litter growth and car
cass performance traits. While the overall mean for paternal he
terosis was very small in all traits, there was considerable 
variation between the six crosses.

(4) Rotational crosses, although not much poorer in litter per
formance than terminal crosses, are disliked in Europe because of 
their inability to utilize complementary effects between speciali
zed sire and dam breeds for uniform market products. However, dam 
breed rotations could have a lot to offer in large production 
herds, because they can displace female replacements from outside 
and still use terminal sire breeds with some more organisational 
input. But such Terminal-Rotation Systems have not yet been suf
ficiently tested, and would probably receive more attention if
a suitable third white dam breed was available.

(5) Inbred line crosses, although exhibiting much higher hetero
sis percentages, either tend to have average litter performances 
well below breed crosses (GLODEK, 1970) or have much poorer car
cases (KING and ROBERS, 1959). KING (1975 and 1976, unpubl.).
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however, found very interesting effects of inbred boars on 
litter performance in 2- and 3-breed rotations when compared 
with outbred boars of the same breeds. All these results were 
based on limited data, and although considerably more research 
is needed to draw firm conclusions on the effect of inbreeding 
in pig hybridization, little seems to be in progress.

(6) Finally, some of the more important problems, which have 
not been solved in these earlier experiments are listed here 
for further discussion in the next section:
- the variability of individual and maternal breed and heterosis 
effects among different breed crosses as an indicator of the 
usefulness of "average estimates" in prediction equations;

- the size of paternal breed and heterosis effects - are they 
worthwile to be systematically utilized?

• - the size and direction of recombination effects in multiple 
crosses

- the value of genetic distance estimates between parental breeds 
for predicting the level of heterosis in their crosses.

3. Recent North American crossbreeding experiments
Here I shall mainly rely on JOHNSON'S (1981) review of reasonably 
similarly designed crossbreeding experiments in Oklahoma (cited 
above), Iowa (SCHNEIDER et al., 1978), Wisconsin (KUHLERS et 
al., 1972 and 1977), North Carolina (NELSON and ROBISON, 1976) 
and Canada (DUFOUR and FAHKY, 1975). With the exception of re
combination effects these experiments tried to obtain breed cross 
specific estimates for most of DICKERSON'S parameters. However, 
only heterosis effects will be discussed here.

3ili_Individual_Heterosis
For individual heterosis nine experiments with single crosses 
among the breeds Chester White (C), Duroc (D), Hampshire (H), 
Yorkshire (Y), Landrace (L), Poland China (P) and Spot (S) were 
analyzed for reproductive, growth and carcass traits. In table 1 
mean individual heterosis effects (both absolute and as a % of 
the mean) are given as well as both extreme crosses in order to 
indicate the variation between them. Since comparison between
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different experiments may be doubtful the extremes within the 
larger experiments are also presented.
It can be seen from table 1 that average heterosis effects are 
slightly higher than in earlier European experiments, namely 
around 10 % for litter size and weight at weaning and 5 - 8 % 
in growth and feed conversion. However, this could probably be 
due to different management conditions. In carcass traits only 
negative effects on colour score seem to deviate significantly 
from zero, but here also insufficient data are available for 
firm conclusions.
However, the results from larger experiments involving many 
crosses demonstrate (particularly for reproductive and weaning 
traits) deviations among particular crosses in the order of 
several times the average heterosis effect. Thus an average he
terosis estimate seems to be of very limited predictive value 
for specific breed crosses both within and particularly between 
different experiments. Although the same breed crosses may rank 
differently between experiments, there seems to be a tendency 
for the Y-breed and DY-combinations to be among crosses with 
minimum heterosis and the H-breed and DH-crosses to be among 
crosses with maximum individual heterosis effects for litter per
formance. In growth rate and feed conversion D and Y are mainly 
associated with high- and C and L with low heterosis crosses.

3i2i_Maternal_Heterosis_

Estimates for maternal heterosis were only taken from two expe
riments (JOHNSON et al., 1978, and SCHNEIDER, 1978) of which the 
latter only gives average estimates over several cross-mothers 
from the breeds C, D, H Y, because the differences were not sig
nificant. As to be expected, significant maternal heterosis ef
fects were only found for litter performance- but not for growth- 
and carcass traits. Some of these results are presented in table 2.

Average maternal heterosis effects were in the order of earlier 
experiments (summarized by SELLIER, 1976) and were generally 
about 5 % larger than individual heterosis effects for litter 
sizes at birth and weaning. Mean piglet weaning weight added 
some maternal heterosis to litter weaning weight only in American 
experiments, which could have been due to less efficient creep
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feeding. JOHNSON'S comparison of crossbred sow combinations 
found HY to have superior maternal heterosis for litter size at 
birth. However, much of this superiority had been lost by weaning 
age. The expected effect of litter size in piglet weight accoun
ted for the fairly constant maternal heterosis effects on litter 
weaning weight among sow combinations. Once again, American rea
ring conditions may have tended to camouflage the real differen
ces. JOHNSON concluded (from limited evidence) that average ma
ternal heterosis effects appeared to be appropriate for comparing 
alternate mating systems. However, further studies involving 
additional breeds tested under a greater range of rearing condi
tions are required to substantiate this conclusion.

3.3i_Paternal_Heterosis_
WILSON et al. (1977) compared purebred D and H boars with their 
reciprocal crossbred boars for testis characteristics and in ma
ting trials and reported the following "paternal" heterosis ef
fects: Testis weight 16 %, number of sperm 25 %, sperm concentra
tion 3 %, conception rate 14 %, number of embryos of corpora lu- 
tea 10 %. In single matings crossbred boars took 13 % less time to 
mount and hand 6 % longer ejaculation times, but these differences 
were not found in repeat matings. JOHNSON (1981) cites unpublished 
data from the same authors for D, L, S and Y pure and crossbred 
boars with the following results:

Purebred Crossbred %
number boars 48 71 "paternal
no. females mated 376 243 heterosis
conception rate in %
1st mating 75 83.9 12
8 week breeding period 91.8 96.8 5
services per conception 1.41 1.22 13
litter size at birth 10.10 10.01 - 1
postweaning performance e q u a 1 + 0

These results indicate that any superiority of crossbred boars in 
mating behaviour and success (as measured in conception rate and 
number of embryos) does not necessarily lead to larger litter size 
in systems with 8 week breeding periods. NEELY et al. (1980) com
pared Y and D-boars with their reciprocal crosses and found weight 
corrected heterosis effects of 8 % for testis weight, 14 % for
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total sperm number and 15 % sperm number per g testis weight, but 
did not test conception and litter size. DREWRY (1980) mated D,
H and HD boars with DY, HY and LY sows and found no significant 
"breed of sire" effects for conception rate, litter size and pig 
weights at birth, 35 and 210 days.
CONLON and KENNEDY (1978) compared H, D, HD-boars (3 each) with 
5 L boars in ejaculate volume, concentration and five subjective 
quality scores and found heterosis in volume (229 %) and morpholo
gy score (11 %). Semen from each H, D and DH boar was mixed with 
semen from an L boar and used for insemination of L-sows to evalu
ate conception rates and fatherhood (by blood typing) in 118 lit
ters. H, D and HD boars achieved 75, 82 and 80 % conception rates 
and sired 64, 68 and 65 % respectively of the pigs in mixed lit
ters, these differences being non significant. No indication of any 
paternal heterosis was found for either the grcwth or carcass 
traits of the progeny from these matings (KENNEDY and CONLON, 1978).

4i_Prediction_of_Heterosis_from_estimated_Heterozygosity

If non-additive crossbreeding effects, such as heterosis or spe
cific combining ability, are economically important and vary 
between populations and experiments, then estimates of their 
average effects are of little predictive value. GLODEK (1974) 
suggestes the use of estimates of genetic distance between paren
tal and/or grandparental populations for the prediction of more 
heterozygous crossbreds with larger heterosis effects. The basis 
of this expectation is, that heterosis in quantitative traits 
is closely related to heterozygosity in crossbreds and that the 
latter can be estimated from allele frequencies at some biochemi
cally ictoitifiable blood group and enzyme loci, either directly 
in crossbreds (HOHENBRINK , 1970) or indirectly from genetic 
distance among parental populations (VERHORST et al., 1974).
In a preliminary study GLODEK (1974) found correlations in the or
der of .3 to .5 between expected heterozygosity estimated from 
genetic distance at 22 loci with 64 alleles and least squares esti
mates for 27 testcross means in litter performance traits. As 
reliable heterosis effects could not be estimated from this field 
experiment, specific combining abilities using some of the data 
in 3 * 3 complete diallels were calculated. However, these were 
uncorrelated with estimated heterozygosity. Thi leads to some
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doubts on the methods of predicting heterozygosity from 10 blood 
group and 12 enzyme loci. In fact, correlations of only .3 to .5 
were found between heterozygosities calculated at the 22 loci 
directly and predicted from distance among parental lines for 7 
single and 10 multiple crosses analyzed both ways (GLODEK et al., 
1980). How far sampling effects and not segregating loci affect 
this result remains to be analyzed, but the need for better sui
ted data - with exact heterosis estimates and sufficient polymor
phic loci - is obvious. Unfortunately the new complete diallels 
with pigs discussed above did not investigate any polymorphisms, 
but with only 6 testcrosses significant correlations could hardly 
have been expected.

5i_Discussion_and_general_conclusions_on_Heterosis_in_gigs

A review of all experimental evidence on crossbreeding in pigs 
confirms the following general conclusions.
- Maternal heterosis effects for reproductive and weaning traits 

of crossbred dams are the most important heterosis sources in 
pigs. Unfortunately their precise estimation according to 
DICKERSON'S definition is so expensive, that it has only been 
done in very few experiments for only 3 - 4  breeds. Therefore 
systematic utilization of maternal heterosis effects has not 
yet become possible in practical breeding programmes, although 
most of these employ more or less empirically developed cross
bred sows.

- Individual heterosis effects are empirically utilized in many 
single cross systems. Although these are mainly designed to uti
lize complementary additive breed effects between specialized 
sire and dam populations, individual heterosis has some useful 
influence on early growth rate of the progeny. Individual hete
rosis could be economically important in multiplier herds with 
crossbred parents, particularly in crossbred boar production 
with poorly reproducing sire lines (e.g. Hampshire or Belgium 
Landrace).

- Paternal heterosis effects on progeny performance seem to be 
much smaller than individial heterosis on mating and sperm cha
racteristics of crossbred boars. Whether the latter also influ
ences the litter size of the whole system is not definitely clear.
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- Recombination effects, or even losses, have not yet been investi
gated in crossbreeding experiments with pigs. It therefore re
mains unanswered, whether or not they contribute substantially
to the variation in estimated heterosis and specific combining 
ability effects.

- By far the least satisfactory experimental evidence is avail
able on the amount of variability in heterosis effects between 
specific crosses. Here new scientific approaches will most like
ly be rewarding, but it is doubtful, whether experiments with 
pigs can be large enough to find the general answers that 
DICKERSON'S concepts are suggesting.

- Another completely unanswered question is the value of inbred 
lines in crossbreeding programmes, which may also be related to 
the question of how to increase uniformity of multiple crosses 
from genetically diverse parental populations.

- Of more practical value are comparisons of specific and rotatio
nal crosses among the same breeds, which seem to require too 
much time for modern experimenters.

- Finally, the old question (COMSTOCK et al., 1948) of how to se
lect parental lines for improved performance of their crossbreds 
has not been solved in pigs, but is becoming increasingly im
portant in leading crossbreeding programmes.

Summary
In a literature review, experimental results of heterosis in 
pigs are presented and discussed. It is concluded that mater
nal heterosis in litter performance characters is the most 
important source of non-additive genetic effects in pigs.
Individual heterosis in crossbred progrny improves survival 
and early growth rate but carcass traits are not affected.
Very little is known about heterosis effects on stress resi
stance and meat quality characters, but generally heterosis 
effects seem to be greater under poorer environmental condi
tions. Paternal heterosis effects on progeny performance are 
smaller than the individual heterosis on mating behaviour 
and sperm traits of crossbred boars. Still unanswered are 
questions as to the variability of heterosis effects between 
specific crosses, the influence of inbreeding in parental 
lines upon heterosis, mean performance and uniformity of cross
bred progeny and the possibility of estimating heterosis ef-
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fects in quantitative traits from heterozygosity measures on 
polymorphic blood and enzyme loci. An unsolved practical problem 
is the relative merit of rotational crossbreeding and terminal 
crosses using dam breed rotations in comparison with specific 
multiple terminal crosses, probably because many generations 
are needed to reach firm conclusions.

Zusammenfassunq
Experimentelle Befunde iiber Heterosis in Schweinekreuzungen 
werden in einer Literaturbesprechung gegeben und diskutiert.
Die wichtigste Heterosiskomponente in der Schweinezucht ist 
maternale Heterosis fur Merkmale der Aufzuchtleistung bei 
Kreuzungssauen. Individuelle Heterosis bei Kreuzungsendproduk- 
ten wirkt sich vor- allem auf deren Uberlebensfahigkeit und 
Jugendwachstum aus, wahrend Schlachtkorpermerkmale nicht be- 
einflufit werden. Sehr wenig ist bekannt iiber Heterosiseffekte 
auf Streflresistenz und Fleischbeschaffenheit, aber generell 
scheinen Heterosiseffekte unter schlechten Umweltverhaltnissen 
hoher zu sein als unter guten.
Paternale Heterosiswirkungen auf die Leistung von Kreuzungs- 
nachkommen scheinen wesentlich niedriger als individuelle auf 
das Paarungsverhalten und Spermaeigenschaften von Kreuzungs- 
ebern zu sein. Nach wie vor offene Fragen sind die Variabili
t y  von Heterosiseffekten zwischen verschiedenen Kreuzungen, 
der EinfluB der Inzucht in Elternlinien auf Heterosis, mittle- 
re Leistung und Uniformitat von Kreuzungsnachkommen und die 
Moglichkeit, Heterosiseffekte in quantitativen Merkmalen auf- 
grund der Heterozygotie an polymorphen Blutgruppen- und En- 
zymloci vorauszuschatzen.
Ein ungelostes praktisches Problem ist der relative Wert von 
Rotationen und Terminalrotationen im Vergleich zu multiplen 
Terminalkreuzungen, weil dazu sehr langwierige Versuche iiber 
viele Generationen erforderlich sind.
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