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CHAPTER 1
INTRODUCTION

The advantage of crossbred dams and litters for increased pork
production has been well documented by research. Crossbreeding of swine
is currently employed by most producers who are involved in commercial
production. Most recommendations to swine producers have been concerned
with the relative merits of specific crosses and attempts to maximize
individual and maternal heterosis. Additional considerations include
ease of producing replacement females and simp]icity of design.

Comparatively little research has consideréd the efficiency of dif-
ferent mating systems for pork productions, and these have dealt étrict]y
with populations for which assumed breed values for production traits
were used to make comparisons. Mating systems are defined herein to in-
clude all purebred and crossbred populations required to maintain breed-
ing stock for a commercial operation. No research for efficiency of
pork production could be found comparing mating systems which used actual
breed performance and reproductive values based on experihenta] esfimates.

There were two main objectives to this study. The firsf was to ex-
perimentally compare three-breed and backcross swine of Duroc, Hampshire
and Yorkshire breeding for Titter productivity and growth performance.
These comparisons are an estimate of one-half individual heterosis and
are important in making recommendations concerning mating systems to com-
mercial producers. The backcross mating system may be preferred,inasmuch

as only two purebred sources of breeding stock are required rather than



three, and because this type of cross maintains 100 percent of the
maternal héterosis.

The second objective was to compare the efficiency of swine produc-
tion for different types of mating systems such as three-breed rotation,
three-breed static and backcross systems, using the Duroc, Hampshire and
Yorkshire breeds. These comparisons were based upon predicted cross per-
formance obtained from eight years of crossbreeding research with those
three breeds of swine at the Oklahoma Experiment Station. These compari-
sons should enable researchers and extention personnel to make more reli-
able recommendations to swine industry representatives and commercial
producers concerning the types of mating systems which should be used to

attain the specific objectives of the individual producer.



CHAPTER 11
REVIEW OF LITERATURE

The four main objectives of the review of literature are to discuss:
(1) methods of analyses for crossbreeding data, (2) efficiency of swine
production and mating systems, (3) estimates of individual heterbsis, and
(4) estimates of differences between Duroc, Hampshire and Yorkshire
breeds for'reproductive and postweaning perfofmance. The scope of this
review is not to extensively review swine crossbreeding data, as this has

been done by Sellier (1976) and Johnson (1973).
Analysis of Crossbred Performance

The ana]ysis of crossbreeding experiments has received considerable
attention in literature over the past 30 years. Several researchers have
examined the genetic expectations which underlie crossbreeding experi- .
ments. Henderson (1952)lpresented-a method of analysis which defined
progeny of a two-line cross fo have an effect due to the general combin-
ing ébi]ity of a line to have an effect (in addition to the additive
genetic value) common to all progeny of the 1ine used as a female parent,
and to have én effect common to all progeny of the cross between two
specific 1ines (specific combining ability).

Dickerson (1969) discussed the‘evaluation of breed crosses to iden-
tify those breeds which could be better utilized in certain mating sys-

tems. In most cases the number of breeds avai]db]e and the number of



purebred, two-breed, three-breed, and other combination crosses prohibits

the experimental evaluation of all specific crosses. Dickerson (1969)

proposed the analysis of breed and breed-cross means to estimate para-

meters used in estimating crossbred performance and in projecting which

mating system or particular cross is better suited to the particular

production or management schemes.

The

I
9

genetic parameters are defined as:

deviation due to average direct effects of the individual's
own genes, for breed A;

deviation due to average effects through maternal environment,
for genes of breed A dams;

deviation due to average effects of genotype for breed A
maternal granddams, through modification of direct maternal

effects;

- deviation due to increased average heterozygosity of F] Cross-

breds from A males x B females, or their reciprocals;

same as hAB’ but fof crosshred maternal environment§

same as hRB’ but through maternal environmental interaction
effects of F1 crossbred maternal granddams on the maternal
influence of the dam;

deviation due to change in non-a11e11c gene interaction
effects in F2 individuals, relative to those of the F], from
gametic recombinations between chromosomes of the parent
breeds A and B;

same as riB, but for indirect maternal environmental effects;

same as rRB, but through maternal environmental interaction



effects of maternal granddams on the maternal influence of
the dams.
Under the assumption of linearity between degree of heterozygosity
and dominance and recombination effects, breed or breed-cross means can

be written in the following manner:

AxA-= gi + gR + 92 + joint effects
QI QI
_JA , °B ., m m' I I
AxB-= > + > + 9p + 9g + hAB + joint effects
I I m m I I
g g g 9 g v h h
R X Ak Ak
I
"AB

+ -§-+ joint effects.

Dickerson (1973) has extended these comparisons to the expected
average gain in performance over the weighted mean of the purebred

parents as follows:

-l Tm_ m P _ 4Py.
2-Breed or F, (A male x B female) = hag + 3 (gB gy * 95 - 9p)s
SUCTRSN I mo, 1.1
3-Breed, C male x (AB female) = 5 (hCA-+ hCB) + hAB * 5 g
1M m, p_ P
t5 {9y -9t 90 -9y p)s
4-Breed (CD male) x (AB female) = hi + n™ + pP + 1 (bl 4 (I
AB cb 2 YcCD AB
1, m m p _ P
3095~ 9,0* 9,0 9,8
n
Rotation, n sire breeds = ig-ilgl~h1 + a4 —-(rI + rm);
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C(Rot) * Ezn- 3 "

C male x Rotation female = h
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* gp - 9pet)s and
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. ’qf)(hl + pm
i

1

+ hP o+ rI + "+ rp);

where 9; = fraction of each n breeds in parentage. The gI, gp and gm

are defined to be the breed differences in individual and paternal per-
formance compared to maternal performances for the purebreds.

Carmon et al. (1956) derived the prediction equation for prediction
of rotational crossbreeding based on purebred and single-cross mean per-
formance. The equation for predicting two-breed rotation performance
was R2 = 82 - (32 - 22)/3, where R2 is the predicted rotation perform-

. ance, 82 is the phenotypic mean of the two-single crosses, and ?2 is the
mean performance for the two purebreds. These were also extended to
crosses with additional breeds. |

If heterosis is linear with percentage of heterozygosity, then these
parameters and equations can readily be adapted to estimating breed cross
reproductive rates, growth performance and carcass characteristics of',
differentbbreed combinations.

Moav (1966a) out]ined the procedures for an economic analysis for
sire and dam breeds when heterosis is present. A profit curve was

derived producing a profit contour for different crosses. The following



equation applies for the case where genetic additivity and independence

of the component traits are assumed.

. G N
Profit = Constant - 2 (ysk+ yd) X

d
where G is the economic value for a production trait such as feed effi-
ciency, Y and'yd are the genetic values of the sire and dam lines for
feedvefficiency, N is an economic constant for the cost of reproduction,
and Xd is the reproductive rate of the female 1ine. This was extended
to include values for heterosis, or non-additivity, for production
traits, along with maternal and paternaT heterosis for reproduction
(Moav, 1966b). Profit contours for different breeds can then be calcu-
lated once the economic constants have been derived. Although these pro-
cedures are not easily adapted to more than two‘traits, they do aid in
understanding the problem of cohparing and economically evaluating
different 1ines as sources of sires and dams. The model used for hetero-
sis and genetic additivity assumes that individual and maternal heterosis
is constant for all lines and is linear with degree of heterozygosity in
the crossbred individual and dam. This method does allow for the ranking
of specific breed crosses or comparison of these to expected performance
for crossbfed combinations which have not been tested. Then a few likely
crosses may be identified and experimentally tested.

An example using poultry broilers demonstrated crossing four unre-
lated lines which had different levels of production. The most profit-
able cross in this casé was a three-breed cross S](SZD]). In this
example a four-way cross (3152)(D1D2) is not as profitable as the three-
breed cross. In the case of four breeds with sire and dam lines of

equal value, the most profitable combination is 5251(5101) but is only



slightly more profitable than SZ(S1D). From that work is was apparent

that various crosses may have similar economic value for commercial pro-
duction. Since the profit contours were for terminal crosses only, the
crossbred progeny which were most profitable may not be most profitable
when the purebred and crossbred popu]ations which are needed to produce

the terminal crossbred progeny are evaluated as a breeding system.
Efficiency of Swine Production and Mating Systems

Dickerson (1973) compared the number of sows required per 1000 mar-
ket pigs for mating systems with five theoretical breeds comprising the
purebreds which were potential breeds for use in the mating systems. A
static three-breed cross was used as a standard in comparingvnumbers of
sow years per 1000 market pigs. The assumptions of 7 percent heterosis
in crossbred litters from burebred sows, 25 peréent heterosis in cross-
bred litters from crossbred sows, énd 10 percent increase in growth
efficiency of crossbred pigs were used. The sire lines raised 6.0 pigs
per sow and had a net value of 108 percent while the other lines had
either 8.0 or 8.5 pigs per litter with a net value of 95 percent or 100
percent. ‘

With these assumptioﬁs, two-breed crosses required 15 percent more
sow years per 1000 pigs than the static three-breed cross. A synthetic
male T1ine crossed with an F1 of two synthetic female lines had 1 percent
fewer sows if recombination effects were zero. If recombinafion effects
were equal to heterosis values, 18 percent more sows were réquired. A
synthetic male line crossed with a four-breed rotation female was equal

to the three-breed cross for production. A rotation cross of the four



female lines had 6 percent more sow years per 1000 market pigs than the
three-breed static system.

The efficiency of meat production with different matihg systems has
been studied in beef cattle and sheep. Cartwright et al. (1975) studied
beef cattle systems consisting of three mature cow body sizes and two
management regfmés. Returns were compared on a fixed amount of‘input._
Two-breed crosses were similar in returns to crisscross breeding schemes;
however, single crosses utilizing complementarity did exceed the best
crisscross patterns. Three-breed crosses utilizing large body size sires
on either F1 COWS Or crisscross cows gave an increased amount of effi-
ciency and higher réturns per fixed amount of input.

Nitter (1978) compared the number of ewes which were required to
produce a given amount of lamb. When there was no superiority in growth
rate for the terminal sire line, three-breed rotation, three-breed
static, and the terminal sire on a two-breed rotation female were of
similar efficiency. As the superiority for growth potential of‘the ter-
minal sire line increased to 20 and 40 percent, the terminal sire crosses
beéame the most efficient for lamb production.

In studying these mating systems, some method of comparison based
on an economic or relative economic basis must be deve]oped to know
which mating systems are most efficient. Figure 1 depicts the expense
and income equations for individual swine as defined by Harris (1970,

p. 861).

There are several economic values which can be considered as con-
stants when comparing mating systems using different breeds and cross-
breds. These constants would be slaughter costs, cost per unit feed,

labor and facilities costs per unit of time for finishing and farrowing.



' Labor and ‘Time to
_ Slaughter Cost Per ( Feed Facilities '
Expenses = “cogts  * (Unit Feed) \Consumed)*' Cost Per Sﬂfugﬁﬁfr
Unit Time €19
. Sow Herd Labor Sow and Boar Salvage
Cost of Gi1t'+~(No. of) and Facilities | + Litter Feed + Cost Per - Value for
+ Production Litters/ \Cost Per Litter/ Cost Litter ~ 01d Sow

(No. of) (Avg. Litter) ( Pig. )

Litters Size Survival
_ [Carcass) [Carcass
Income = (Neight) (Quah‘ty)

Figure 1. Expense and Income Equations

0L
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Cunningham (personal communcation, 1978) has given an estimate for labor
and facilities cost of $.10 per day for finishing swine. Total gesta-
tion and lactation costs for a sow and her litter to an average pig
weight of 18 kg were estimated to be $260 per litter. Feed costs were
approximated to be $.11 per kg for finishing rations and $.23 per kg for
sow rations. In calculating the value of reduced backfat, $2.75 per 100
kg of carcass weight was assumed to be the economic difference between a
No. 2 and No. 3 carcass with an average difference of .89 cm of backfat
(Cunningham, personal communication). \ This difference gives a value of
$2.16 for each cm that backfat is reduced.

Dickerson (1970, p. 849) defined an equation for the ratio of ex-
penses per year to produce va]ue,per year. His equation, similar to the

one described above by Harris, follows:

Expense/Year - (A/Y)+'(Id4'8d'?md4'de)4_D(Io+'Bo'?moi'?poy+So
roduce/Year N-PO-Vo PO-VO
where
A/Y = (cost, young female - value, old female) per years in produc-
tion;
Id = yearly fixed costs per female, for labor, housing, etc.;
Bd = metabolic body size of female, relative to population mean;
Fmd = average maintenance feed costs per female per year for popula-

tion;

i
1]

pd feed costs above maintenance per female per year;
N = number progeny marketed per female per year;

P_ = Tine weight of meat animaT when marketed;

V0 = value per unit of Tlive weight;

D = days from weaning to market weight for individuals;
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I = average fixed costs per animal-day;
B_ = average postweaning metabolic body size for individual, rela-

tive to population mean;

?mo'= average maintenance feed cost pér animal-day for population;

?po = average feed costs above maintenance per day individual;

S0 = fixed costs per animal for slaughter, marketing, vaccines,
etc.

From both equations it can be seen that rate of reproduction, time
and feed to market weight for offspring, and product value are important
in evaluation of mating systems or defining objectives for selection
‘within sWine populations. Sow cost per pig is detekhined by (total re-
productive cost per sow + number of progeny); thus at higher rates of
reproduction the economic advantage of increasing the number of progeny
per sow becomes less (Moav and Hill, 1966).

| Fahmy et al. (1976) used an index to evaluate different crossbreds

for production traits. The index was as follows:

(Y]i - ?]) cz(v - Y

o Uai - V), Gl - ¥3)
1 o o
9 2 3

where C] and C2 are economic constants, (Yi - ¥) is the least squares
deviation of cross i from the overall mean, and oF is the estimated
phenotypic standard deviation for each trait.

In evaluating breeds for use in particular mating systems, decisions
must'be made as to which breeds are to be used as dam Tines and which
breeds are bettér suited as sources of sires. Additionally, decisions
must be made as to selection criteria and to whether sire and dam lines

should be selected for the same or different characteristics. Smith

(1964) investigated the development of selection indexes for dam and sire
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1ines using a‘range of genetic parameters. In that simulation study,
selecting each line on a differentkindex was always as efficient as
selecting one 1ine on the same index. Separate indexes did become more
efficient if there were unfavorable genetic correlations between traits.
If selection in the dam line ignores additive genetic value for post-
weaning traits, the rate of progress could be reduced.

Moav and Hi1l (1966) in a theoretical example compared selection
for feed conversion and number of pigs per sow per year under three
schemes, i.e., selection in one Tine using one index, selection in one
1ine using male and female indexes, and selection in two lines using two
indexes. In their example, selection in two lines with two different
indexes was most efficient. The magnitude of the total economic advan?
tage would chahge depending upon the genetic correlations and heterosis
achieved by crossing the two parent lines.

Bichard (1971) considered the rate of dissemination of genetic im-
provement from selection in a nucleus herd through the multiplier and
commercial herds. Several methods of transferring breeding stock were
'discussed. In swine herds the transferring of females among the three
tiers and males direct from nucleus to commercial herds }educed the im-
provement lag 7% to 2% years when compared to the traditional three-tier
system with only males being transferred between adjacenf“tiérs.: Consid-
eration was gfven to achieving a balance between minimizing the time lag
for disseminaiion of genetic improvement and the declining overall effi-
ciency of a breeding systém, since almost all methods of increasing
genetic improvement result in decreased short-term returns.

The literature comparing biological or economic efficiency of swine

mating systems is limited. Mating systems have been compared for
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efficiency using hypothetical breeds with assumed values for reproduc-
tive traits and postweaning performance. No reports could be found
which used estimates of breed performance from experimental results to

compare mating systems for swine production.
Individual Heterosis Estimates

Numerous experiments involving swine crossbreeding have been re;
‘ported estimating both individual and maternal heterosis for reproduc-
tive, growth and carcass traits.

The following are average individual heterosis estimates from

several experiments (Sellier, 1976):

Litter size at birth .30 pig

Litter size at weaning .45 pig

Individual weight at weaning .50 kg

Litter weight at weaning 9.00 kg

Postweaning daily weight gain .04 kg/day

Age at slaughter | -10 days

Feed conversion -.08 kg feed/kg gain

Body}éompositioh and meat quality O
Young et al. (1976a) reported individual heterosis estimates for
reproductive traits with Duroc, Hampshire and Yorkshire breeds Qf swine.
Heterosis estimates for number of pigs at birth, 21-day, and 42-days,
were: .38 + .26, .65 + .23, and .76 + .23, respectively. Duroc-
Yorkshire crosses showed the most heterosis and Duroc-Hampshire crosses

had the Tleast.

Crossbred litters were heavier at birth, 21- and 42-days, by .50 +
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.27 kg, 3.70 + 1.10 kg, and 9.47 + 2.43 kg, respectively. Average pig
weight heterosis was not significant for these three measurements.

The estimates of heterosis for growth and carcass characteristics
of the same Duroc, Hampshire and Yorkshire crosses were repqrted by
Young et al. (1976b). The estimates were as follows: a?erage daily
gain (.054 + .007 kg/day), days to 100 kg (-9.9 + 1.3 days), probe back-
fat thickness (-.06 + .03 cm), kg of gain per kg of feed consumed (.0073
+ .0030), and average daily feed intake (.077 + .037 kg/day). Carcasé
length was the only carcass trait which exhibited significant heterosis.

Schneider (1976) calculated heterosis estimates for the Chester
White, Yorkshire, Duroc, and Hampshire breeds for number of pigs born;
number of pigs at 21-days, and number of bigs at 56-days to be .0 + .39,
.26 + 36 and .29 + .36, respectively. Heterosi; for 11ttér weight was
.4 + .5 kg at birth, 3.0 + 2.1 kg at 21—days; 1%.0 + 6.8 kg ét 56-days,
and 104.4 + 32.2 kg at 154-days. As seen in most studies car¢ass traits
showed 1ittle heterosis with cafcass length, carcass backfat, ham-]oin
percent, and dressing percent having statistically nonsignificant values.

A six-year study reported by Winters et al. (1935) compared F]
cross, three-breed cross, and backcross swine for productivity and feed-
lot performance. A]tﬁough Timited by numbers, the study does show inter-
esting results. For litter weight at birth‘and number of live pigs the
F], three-breed and béckcross pigs had an advantage of 2.83 1b, 4.38 1b
and 3.53 1b, and .93, 1.66 and -.19 pigs; respectively. At weaning
. three-breed cross litters had an advantage of 2.05 pigs as compared to
.68 pig for backcross litters and .33 pig for F] crosses. Total litter

weight followed the same pattern with three-breed crosses being heavier
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than the respective purebreeds by 96 1b, the backcross by 63 1b and the
F] by 39 1b. Backcross pigs averaged 2 1b heavier than the F] and three-
breed cross pigs at weaning.

The advantagé.for the crossbred pigs continued throughout the
finishing.périod for these pigs. The advantages in average dai]y gain
over the purebreds were .12, .11 and .14 1b per day for the Fys three-
breed and backcross, respectively. Three-breed cross pigs‘required 16.2
1b less feed per 100 1b gain, with the F1 and the backcross having simi-
lar feed efficiency of 12.68 and 12.15 1b of feed per 100 1b gain.

From these results they concluded that there were apparently small
differences, if any, between the ;hree-breed éross and backcross for
feedlot performance. However, three-breed cross litters showed a marked

advantage for number of pigs weaned per litter and total litter weight.

Estimates of Performance for Duroc, Hampshirev

- and Yorkshire Breeds

The performance of Duroc, Hampshire and Yorkshire breeds of swine
have been evaluated by several researchers. Ne]son and‘Robison (1976)
reported on several specific two- and three-breed crosses uti]izing
those breeds. In two-breed crosses, Hémpshire boars sired the greatest
number of live pigs per litter but had the lowest survival rate to wean-
ing. Duroc boars sired the smal]eét litters at birth but had the greét-
est survival percentage to weaning. Duroc—sifed Titters averaged 8.03
+ 0.81 pigs at weaning while Yorkshires averaged 7.86 + 0.85 and Hamp-
shires avéraged 7.67 + 0.85. Yorkshire dams averaged the largest litters
at birth and weaning. .They had 8.60 + 0.85 pigs at weaning while Duroc

and Hampshire were very similar with 7.43 + 0.81 and 7.51 + 0.85 pigs
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per Titter, respectively. Breed of sire was nonsignificant for number
of pigs at birth or 42-days and for average pig weight at these same
times. Breed of dam was significant for average pig weight at birth and
weaning with Yorkshire dams having the lightest pigs at weaning.

Young et al. (1976a) in an experiment with these three breeds, in
which the purebred matings were also included, showed that Yorkshire-
sired litters were 0.73 + 0.35 pigs larger at birth and 1.16 + 0.30 pigs
larger at weaning than‘those sired by Hampshires. Simi}ar]y, Yorkshire-
sired 1itters were 0.25 + 0.35 pigs larger at birth and 6;63 + 0.29 pigs
larger at weaning than Duroc-sired 1ittefs; Yorkshire dams had signifi-
cantly larger litters at birth and weaning than Duroc and Hampshire dams
(0.77 + 0.32, 1.96 + 0.31 and 1.18 + 0.27; 1.43 + 0.27 pigs, respective-
ly). Litters from Yorkshire sires and dams were sighificant1y heavier
at weaning than those from Duroc or Hampshire; however, there were only
small differences in average pig weight. ‘

Schneider (1976) estimated the general combining ability of these
breeds and found the Hampshire breed to be 0.47 pig and 0.65 pig greater
for number born than Yorkshire'and Duroc, respectively. 4At 56-days York-
shire and Duroc were about the same for number of pigs while Hampshire
was about 0.40 pig less.

When Duroc, Hampshire, Yorkshire and Poland sires were mated to two-
breed cross gilts of Duroc, Hampshire and Yorkshire breeding;kPoland
boars sired litters which had significantly fewer pigs at weaning (Nelson
and Robison, 1976). Breed of dam was not significant for 1itter'size or
average pig weight at birth or weaning.

Breed of sire and breed of dam were significant for weight at 140-

‘days and average backfat probe for the two-breed crosses previously
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mentioned. Duroc-sired pigs were heaviest at 140-days (72.5 + 1.5 kg)
while Hampshire-sired pigs were the lightest (66.9 + 1.6 kg). Yorkshire-
sired pigsvhad the greatest amount of backfat probe (2.34 + 0.05 ém) and
Hampshires héd the least (2.03 + 0.05). Those pigs with Hampshire dams
were lightest at 140-days (68.3 + 1.5 kg) and Yorkshire were the heavi-
est (70.9 + 1.6 kg). Maternal estimates ranked Yorkshire higher than
Duroc and ranked both significantly higher than Hampshire for number of
pigs born. At 56-days Yorkshire maternal éffect was about .3 pig larger
than Duroc and Hampshire, which were very similar for number of pigs.

General combining ability fork56-day Titter weight for Duroc, Hamp-
shire and Yorkshire was 15 + 14, -20 + 15 and 6 + 14 1b, respectively.
Maternal estimates were quite similar for all three breeds.

Fahmy et al. (1971) reported an experiment in which’seveh breeds of
sows were mated to produce crossbred progeny. Although somewhat con-
founded by different number of sire breeds per breed of dam, Yorkshire
dams produced litters which were significantly larger than Hampshire
dams at birth, 21-days and weaning. Duroc dams were intermediate.

These three breeds of dams ranked in the same order for litter weight at
those same ages. All three were very similar in percent mortality from
birth to weaning. As with the sires, Yorkshire dams had the greatest
‘backfat probe (2.23 + 0.05 cm) while Duroc and Hampshire were very simi-
lar (2.16 cm and 2.13 cm). The three-breed cross analysis showed that
breed of sire was significant for backfat probe énd total Titter produc-
tion but not for weight at 140-days. Breed of dams was significant for
backfat probe only.

Young et al. (1976b) reported on growth, probe backfat and feed

conversion for Duroc, Hampshire and Yorkshire breeds. Duroc-sired pigs
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were significantly younger at 100 kg than Hampshire-sired pigs (-4.8
days) and Yorkshire-sired pigs (-3.5 days). Yorkshire and Duroc dams
produced pigs which were similar in age at 100 kg, and both were about

3 days younger at 100 kg than pigs with Hampshife dams. Duroc- and
Yorkshire-sired gilts were similar for probe backfat thickness bﬁt Hamp-
shire-sired gilts had about .2 cm less backfat. Yorkshire dams produced
barrows which had significantly less probe backfat than Duroc or Hamp-
shire dams. Hampshire-s%red pigs had the best feed conversion ratio
which was significantly better than Yorkshire-sired. Hampshire-sired
pigs also had the smallest averagé daily feed consumption. Pigs with
Yorkshire dams were significantly more efficient in feed conversion than
those with Duroc and Hampshire dams. They also had significantly less

average daily feed intake.
Linear Programming

Linear programming techniques have been used previously to compare
beef mating systems (Cartwright et al., 1975) and beef production sys-
tems (Wilton et al., 1974; Long et al., 1975; and Fitzhugh et al., 1975).
- These papers compared the efficiencies of various‘beef production sys-
tems on the basis of net returns per fixed amount of input based on
estimated costs and returns. - | |

Linear programming is a method of finding the optimal use of re-
sources, given specific linear constraints and several alternative
methods to produce a product (Heady and Candler, 1958). The objective
function of linear programming can be either to maximize or minimize by
choosing the opfima] amounts of production within the specifications and

restrictions of the particular problem. The answers from linear
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programming can be interpreted only in context of the estimates of para-
meters which were used for the prob]em,'and are subject to the con-
straints of the problem. |

Heady and Candler (1958) described the assumptions which underlie
linear programming and its application. The first assumption is addi-
tivity and Tinearity, which means that the activities or production
alternatives must have a linear response over the range of the problem
and not have an inﬁeraction at different levels of production. - In terms
of a mating system context, an example would be that a certain breed
cross would produce the same number of pigs per litter whether 10 or
1000 sows of that breed or cross farrowed 1itter§.

Another assumption is divisibility, or tha; fractional units of a
product can be produced. Normally, fhis is not a limitation because
rounding of production to the nearest whole unit does not greatly g]ter
the optimal solution (Heady and Candler, 1958).

The third assumption is that of finiteness, or that there is a
limited number of alternatives or limitations which need to be examined.
The final assumption is single value expectations. This means that the
values and coefficients which are used are known with certainty. This
is probably the most serious limitation of comparing mating systems;
since most of the coefficients are not known with absolute certainty.

In this study linear prdgramming techniques were used to find the
optimum number of pigs produced and not necessarily to study the rela-
tionship between the variables and alternative methods of crdssbred pig
production within a matihg system.

Most of the crossbreeding research with swine has dealt with esti-

mating individual heterosis, maternal heterosis and the performance of



21

specific crosses. The Duroc, Hampshire and Yorkshire breeds and their
crosses have been the major breeds compared in most recent crossbreeding
work done in the United States. -The differences between these breeds

for reproductive traits, postweaning performance and carcass merit have
been studied extensively. However, since the primary effort to date has
been to estimate amount of heterosis for important traits and to compare
breed performance, there has beenAno reported research comparing these
three breeds in mating systems other than purebreds, two-breed static
crosses or three-breed static crosses. Thus, there was a need to experi-
mentally evaluate other mating systems and to coﬁpare several different

mating systems for efficiency of pig production.



CHAPTER III

COMPARISON OF THREE-BREED AND BACKCROSS SWINE FOR
LITTER PRODUCTIVITY AND POSTWEANING PERFORMANCE

Summary

Duroc, Hampshire and Yorkshire boars were mated with crossbred
gilts of Duroc-Hampshire, Duroc-Yorkshire and Hampshire—Yorkshire‘breed—
ing to produce 392 three-breed and backcross litters which were farrowed
during four seasons beginning in the fa11iof 1975. Comparison of three-
breed cross litters to backcross litters was of interest bécause this
estimates one-half the individual heterosis. Three-breed cross litters
were .31 + .27, .57 + .24 and .50 + .24 pigs larger at birth, 21 and 42
days, respectively. Corresponding]y,these Titters were .6 + .34, 2.3 ¢
1.2 and 5.4 + 2.4 kg heavier at these ages. The differences for average
pig weight and survival percent were small and not significant. For
postweaning traits, three-breed cross litters gained faster (0.24 + .007
kg/day) and were younger (-4.7 + 1.5 days) at 100 kg. Three-breed cross
pigs were about 3 percent more efficient than backcfoss pigs. The dif-
ferences for average backfat probe and average daily feed intake were
small and not significant. | |

Breed of sire contrasts were small and not significant for litter
traits. Duroc-sired pigs were six days younger than Hampshire-sired
pigs (P<.01) at 100 kg and were more efficient than Yorkshire-sired

pigs (P<.05). Hampshire-sired pigs had .35 + .04 and .23 + .04 cm

22
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less average backfat probe than Duroc- and Yorkshire-sired pigs, respec-
tively. Yorkshire-sired pigs also had less backfat probe than pigs by
Duroc sires (P<.01).

Differences among Duroc-Hampshire, Duroc-Yorkshire and Hampshire-
Yorkshire crossbred females were small for number of pigs and for total
litter weight at birth, 21-days or 42-days. At 21-days pigs with Duroc-
Yorkshire dams had the lightest averagé pig weight (P < .05). Litters
with Duroc-Hampshire or Duroc-Yorkshire dams ¢grew faster in the feedlot
(P<.01) but had greater average backfat probe (P<.01) than those with
Hampshire-Yorkshire dams. Pigs with Duroc-Yorkshire dams were more effi-
cient than those with Duroc-Hampshire dams (P < .05) but were similar to

those with Hampshire-Yorkshire dams.
Introduction

Average heterosis values for swine have been calculated in a review
of swine crossbreeding by Sellier (1976). Estimates for individual
heterosis were: .45 pig per litter at weaning, 9 kg heavier Titter weight
at weaning, 10 days younger at 100 kg and no. heterosis for body composi-
tion. Several reports on specific two- and three-breed crosses of swine
(Smith and McLéren, 1967; Fahmy, et’al., 1971; Fahmy and Bernard, 1971;
Young et al., 1976a,b; Nelson and Robison, 1976; Schneider, 1976§ and
Johnson et al., 1978) have clearly shown the advantage of individual and
maternal heterosis.

Moavv(1966a,b)‘and Dickerson (1969, 1973) have developed theoretical
bases for evaluating a particular cross or breed combinations in mating
systems. There is a lack of experimental results for evaluating differ-

ent mating schemes. Experimental results are also lacking in verifying
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whether the amount of heterosis is proportional to degree of heterosygo-
sity.

The purpose of this experiment was to evaluate three-breed cross
and backcross pigs from dams with Duroc—Hampshire,.Duroc—Yorkshire and
Hampshire-Yorkshire breeding for 1itter and growth traits. Questions of
specific interest wére to compare the estimate of one-half individual
pig heterosis from this study to earlier estimates of heterosis, and to
compare the performance of the three types of crossbreed dams and sire
breeds for litter traits, growth performance, backfat probe, and feed

efficiency.
Materials and-Methods

The 392 backcross and three-breed cross 1itters of Duroc, Hampshire
and Yorkshire breeding were farrowed and raised at the Southwest Live-
stock and Forage Research Station, E1 Reno, Oklahoma. Farrowings were
during four seasoné beginning in the fall of 1975 and ending with the
spring farrowing in 1977.

Purebred boars and crossbred females used in this study were pro-
duced at the Stillwater swine farm from the purebred Duroc, Hampshire
and Yorkshire herds which were established in 1969 (Johnson et al., 1975).
A1l females farrowing in this study were gilts.

An eight-week breeding season was used each time, with the fall
breeding season beginning December 1 and the spring breeding season be-
ginning June 1. A1l gilts were farrowed in a central farrowing house
with crates and slotted wood floors. At approximately one week of age
the Titters were moved to a nursery with individual pens and solid con-

crete floors. A1l boarsvwere castrated at 21 days of age and creep feed
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was offered at this time. Litters were weaned at 42 days and were moved
approximately two weeks later to the finishing barn. Pigs were group-
fed in concrete pens with 10 to 18 per pen. They were allotted to pens
by breed -group, with barrows and gilts mixed in pens, starting on test
at approximately nine weeks of agé. They were fed standard 16 and 14
'percent protein rations with either wheat (International reference num-
ber 4-05-268) or grain sorghum (International reference number 4-05-643)
as the grain base.. Pigs were weighed weekly és they approached 100 kg,
at which time they were probed for backfat and marketed.

A1l gilts that were saved for breeding were considered sound for
breeding. Records were kept on whether a gilt was not detected in
estrus, was detected in estrus but did not become pregnant, br became
pregnant. The records of five sows which farrowed were deleted from
analysis for 21- and 42-days, because one sow died and four éows’]ost
their litters between birth and 21 days.

Table I shows the experimental design and number of boars, sows ahd
pigs of the nine breed combinations. Data were collected on the repro-
ductive failure rate of the gilts, litter size, litter weight, and indi-
vidual pig weight at birth, 21- and 42-days. Growth rate, days to 100
kg, average backfat probe, and pen feed efficienﬁy were collected on
postweaning performance. A1l fully formed (alive or dead) pigs were
included in litter size at birth. |

A1l statistical analyses for Tlitter productivity and postweaning
performance were done on litter means. Average daily gain, days to 100
kg, and averagé backfat probe measurements for gi]tsvwere adjusted to a
barrow basis by adding the mean difference between barrow and gilt

records to gilt records.



TABLE I
EXPERIMENTAL DESIGN AND DISTRIBUTION OF SIRES, LITTERS AND PIGS

- Number of Number of Number of Number of
Breed Number Breed a Litters Litters Pigs in Pens for Feed

of Sire of Sires of Gilt at Birth 21 and 42 Days Feedlot Efficiency
Duroc 24 D xH 46 44 324 15
: DxY 44 44 275 14
HxY 43 42 310 17
Hampshire 23 D x H 43 43 ' 260 13
DxY 42 42 307 13
HxY 43 42 247 11
Yorkshire 25 D xH 48 47 321 17
DxY 41 11 278 15
HxY 42 42 267 11
Total 72 392 387 2589 126

3 = Duroc, H ampshire, Y = Yorkshire. Breed of gilt includes reciprocal crosses

= H
(D x H includes both D x H and H x D females) in approximately equal numbers.

9¢
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The statistical model used to analyze the data was:

Yigkam =M+ Sy B+ (SB)yy + riqqg) * Dy * (SD)yy + (BD),

+ (SBD)y 51 + epciji1)e
. . .th .th
where yijk]m is the litter mean from the i~ year-season, j~ breed of
sire, kth sire within season-year and breed of sire, and Ith breed of

dam. Variables rk(ij) and em(ijk]) were assumed to be normally distri-

- buted independent random variables with zero mean and variance UE and cg,
respectively. A11 remaining factors were assumed to be fixed. Initial
analysis showed that sire within season-year and breed of sire was not
significant for average number of pigs at birth, 21- or 42-days, or for
litter weight at these times. Therefore, the analyses for these traits
were done with a model including season, breed of sire, breed of dam,
two-factor interactions and three-factor interactions. Least squares
means from the mixed model analyses were computed using Harvey's proce-
dures (1972). Least squares means for each season were averaged over
season. Sire within breed of sire and season meah square was used to
test season, breed of sire, and the two-way interaction. Linear con- |
trasts of interest compared backcross and three-breed cross Titters,
breeds of sire and breeds of dam. The comparison of backcross and three-
breed cross litters estimates one-half of the individual heterosis

(Dickerson, 1969).
Results and Discussion

Reproductive Efficiencies

The distribution of reproductive success and failure is shown in

Table II. There were no signif{cant differences between the reciprocal



TABLE II

CONCEPTION RATE FOR BREEDS OF DAM

Number

Number Conception Rate Conception Rate

Breeding Saved for Number not Number Based on Based on
of Gilta Breeding Farrowing Mating Open Gilts Mated Gilts Saved

DxH 161° 137 3 21 86.7 85.1

DxY 144 127 3 14 90.1 88.2

HxY 148 129 6 13 90.8 87.2
Total - 453 393 12 48 89.1 86.8

a

D = Duroc, H = Hampshire, Y = Yorkshire.

includes both D x H and H x D females) in approximately equal numbers.

Breed of gilt includes reciprocal crosses (D x H

8¢
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cross females; thus they were combined. The differences between the
breed groups were very small for conception rate whether it was based on
the number retained for breeding or the number which mated. The percent-
age of females which did not mate was 2.7 percent, as compared to 8 per-
‘cent in crossbreds and 10 percent in purebred females reported by Johnson

et al. (1978).

Analyses of Variance

The comparisons of sire mean squares and residual mean squares are
shown in Table III. Sire within year-season and breed of sire méan
square was significant for average pig weight at birth and at 21-days,
and for survival percent from bifth to weaning. The failure of sire to
be significant for litter size is in agreement with Reddy et al. (1958).
Young et al. (1976a) and Johnson et.al. (1978) found that sire of thev
lTitter was significant or approached significance for litter size at
birth, 21- and 42-days, for litter weight at birth, and for average pig
weight at 21- and 42-days. Fahmy et al. (1978) reported that sire of
litter was a significant source of variation for survival rate at~ong of
four locations.

Tables IV and V contain thé analyses of variance for litter produc-
tivity traits. Althoudgh not of primary interest in this study, year-
season was significant for most of the litter traits eXcept litter birth
weight and number of pigs at 21-days. Breed of dam was significant for
average pig.weight at birth, 21- and 42-days, and approachedl31gnifi¢ance
for litter birth weight. The breed of sire by breed of dam interaction
was significant for number of pigs at 21§ and 42-days and for total

litter weight at these ages. Breed of sire was not significant for any



TABLE III

COMPARISONS OF SIRE AND RESIDUAL MEAN SQUARES FOR LITTER TRAITS

Mean Squares

Birth : 21-Days 42-Days

No. Litter Avg. Pig No. Litter Avg. Pig No. Litter Avg. Pig Survival
Source df Pigs Wt., kg Wt.,kg Pigs Wt.,kg Wt.,kg Pigs Wt.,kg Wt.,kg Percent
Sire 60 6.15 8.52 .05852 4.14 110.60 .8600% 4.39 485.90 2.93 566.90°
(Season
Bos)
Resi- 296 6.25 10.46 .0398 384.30
dual 291 5.23 116.3  .6300 5.20 478.50  2.55

3 < .05.

0g



TABLE IV

ANALYSES OF VARIANCE FOR LITTER BIRTH TRAITS

Mean Square

Litter Average
No Birth Pig Percent
Source df Born Wt., kg Wt., kg Survival
Season 3 24.972 17.79 .1589P 4465.6°
Bos 2 9.73 13.28 .0492 284.5
Season® Bos 6 3.60 4.87 -0069 , 341.8,
Sire (Season Bos) 60 b .0585 566.9
Bod 2 3.68 28.10, .3331°¢ 181.4
Season* Bod 6 4.25 18.94 .0683 66.1
Bosd Bod 4 7.70 12.92 .0708 477.6
Season® Bos* Bod 12 5.40 7.80 .0396 398.3
Residual 296 .0398 384.3
356 6.24 10.13

4 < .01.
bp < .70.
Cp < .001.

*
P < .05.

e



| ANALYSES OF VARIANCE FOR LITTER 21- AND 42-DAY TRAITS

TABLE V

Mean Squares

Litter Avg. -Pig Litter Avg. Pig

: No. Pigs 21-Day 21-Day No. Pigs 42-Day 42-Day

Source df 21-Days Wt., kg Wt., kg 42-Days Wt., kg Wt., kg
Season 3 9.64 1385.89  8.7019 24,70 - 8130.79  31.84%
Bos 2 7.81 164.8 .099 3.40 564.8 1.42
Season* Bos 6 4.41 75.9 .321b 4.47 476.9 1.10
Sire (Season Bos) 60 .860 2.93b
Bod 2 2.55 51.9 3.204° 3.90 146.9 7.96
Season* Bod 6 3.38 153.8b .990 3.65 574.1 3.66
Bos* Bod 4 13.51 278.7, .779 16.40¢ 1647.7¢ 1.66
Season* Bos* Bod 12 6.25 204.6 .760 8.08 717.4 1.20
Residual 291 , .630 2.556

351 5.04 115.4 5.06 479.4

4 < .10.

*bp . 5.

“p < .01.

dp < .01,

A3
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of the Titter productivity traits. Only 1 of the 30 two-way or three-way
interactions other than breed of sire by breed of dam was significant,
and therefore it was judged valid to calculate means over seasons.

As with Titter productivity traits, season was significant for post-
weaning performance traits of average daily gain, agevat 100 kg and feed
efficiency (Tables VI and VII). Sire within year-season and breed of
sire was highly significant for average daily gain, age at 100 kg and
backfat probe. Additionally, breed of sire, breed of dam and the inter-
action between them was significant for the growth measurements, backfat
probe and feed efficiency. Breed of dam was significant for average

daily feed intake.

Litter Productivity

Breed group means and contrasts for litter productivity are shown
in Tables VIII, IX and X. A contrast of particular interest in this
study is the compériSon of three-breed cross litters to backcross litters,
~since this is an estimate of one-half individual pig heterosis (Dickefson,
1969). These differences for average number of pigs per litter were .31
+ .27, .57 + .24 and .SQ'i .24 pigs at birth, 21- and 42-days, respec-
tively. Litters of three—breed‘cross breeding were significantly heavier
at 21- and 42-days by 2.3 + 1.2 and 5.4 + 2.4 kg. The differences be-
tween-three—breed and backcross litters for average pig weight were small
and nonsignificant at all ages. Survival rate of pigs from birth to
weaning was higher for pigs in three-breed cross litter but‘was not sig-
nificant. Young et al. (1976a) reported individual heterosis estimates
for these traits from purebred and two-breed cross matings with those

same breeds. Tables XI and XII compare the heterosis estimates from
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TABLE VI
- ANALYSES OF VARIANCE FOR GROWTH RATE AND BACKFAT PROBE

Mean Squares

Avg. Daily Age at Backfat

Source df Gain, kg/day 100 kg Probe, cm
Season 3 .0390% 3381.9 2117
Bos 2 .0259° 1174.0 3.91219
Season* Bos 6 .01612 583.6 1717
Sire (Season Bos) 60 .00754 324 .89 11074
Bod 2 .0252¢ 147 .92 34819
Season* Bod 6 .0096°  374.1P .1342°
Bos* Bod 4 .0158° 611.1€ .1188P
Season* Bos* Bod 12 , .0033 150.5 .0507
Residual 290 .0039 169.3 0467

4 < .70.

*

bp .05,

p<.o1.

d

P < .001.



TABLE VII

ANALYSES OF VARIANCE FOR FEED EFFICIENCY
AND FEED INTAKE

Mean Squares

Avg. Daily
_ ‘ Feed Feed Intake,
“Source .df -~ Efficiency kg/day
Season 3 .000583P .0499
Bos 2 .000653° .0358
Bod 2 .000412% 13362
Season* Bos 6 .000177 .1209°
Season* Bod 6 000204 .0982°
Bos* Bod 4 .000728°¢ .0221
Season* Bos* Bod 12 .000151 .0647°
Residual 90 .000160 0345
4 < .10.
“bp < 05

“p < .01.



TABLE VIII

BREED GROUP LEAST SQUARES MEANS FOR LITTER

BIRTH TRAITS

36

No. of Litter Avg. Pi Survival
Breeding? Pigsb Wt., kgb Wt., kg Percentb
D x DH 10.43 13.4 1.27 73.1
D x DY 10.01 12.5 1.24 75.7
D x HY 10.32 12.4 1.24 76.0
H x DH 9.46 12.8 1.38 74.3
H x DY 10.68 13.4 1.27 77.3
H x HY 10.15 12.4 1.24 68.0
Y x DH v 10.60 14.3 1.36 69.2
Y x DY 10.82 12.8 1.21 721
Y x HY 10.50 13.0 1.26 72.5
Contrasts Between Breed of Sire
D-H .15 + .31 -.1+ .4 -.04 + .03 1.0 + 3.0
D-Y -.39 + .31 -6t .4 -.02 + .03 2.9 + 3.0
H-Y -.54 + .32 -5+ .4 .02 + .03 1.9 + 3.0
Contrasts Between Breed of Dam
DH - DY -.34 + .31 6t . .09 + .03 2.1 + 2.5
DH - HY -.16 + .31 .9+ .4 .09 + .03 0.0 + 2.5
DY - HY .18 + .32 3+ .4 .01 + .03 2.2 + 2.5
Three-Breed Vs. Backcross
Three-Breed -
Backcross .31 + .27 .6+ .34 .02 + .02 1.9 + 2.2
% = Duroc, H = Hampshire and Y = Yorkshire.

b

“p < .05.

dp < .01,

Standard errors for means ranged

from .36 to .39 pigs for number
of pigs, .47 to .50 kg for litter weight, .03 to .04 kg for average pig
weight, and 3.3 to 3.6 percent for survival percent.



BREED GROUP LEAST SQUARES MEANS

TABLE IX

FOR LITTER 21-DAY TRAITS .

No. of Litter Avg. Pig
Breeding? PigsP Wt., kgP Wt., kg
D x DH 8.23 38.5 4.65
D x DY 7.65 33.2 4.45
D x HY 8.24 38.8 4.89
H x DH 7.00 33.6 4.82
H x DY 8.43 36.8 4.37
H x HY 7.29 - '33.9 4.69
Y x DH 7.90 36.3 4.55
Y x DY 7.90 35.6 4.54
Y x HY 7.82 36.2 4.67
Contrasts Between Breed of Sire
D -H .48 + .28 2.3+ 1.4 02 + .12
D-Y .19 + .28 1.0+ 1.4 .05 + .12
H-Y -.30 + .29 -1.3+ 1.4 04 + .12
Contrasts Between Breed of Dam
DH - DY -.28 + .28 0.9+ 1.4 .24 + .10°
DH - HY -.10 + .28 -0.4 + 1.4 -.07 + .10d
DY - HY 18 + .29 -1.3+ 1.4 -.32 + .10
Three-Breed Vs. Backcross
Three-Breed - c c
Backcross b7 + .24 2.3+ 1.2 -.02 + .09

4D = Duroc, H = Hampshire and Y = Yorkshire.

b

Standard errors for means ranged from .34 to .39 pigs for

for number of pigs, 1.6 to 1.7 kg for litter weight and .140 to
.143 kg for average pig weight. ‘

cP< .

d

P<.

05.
o1.

37



TABLE X

BREED GROUP LEAST SQUARES MEANS
FOR LITTER 42-DAY TRAITS

No. of Litter Avg. Pig
Breedinga Pigsb Wt., kgb Wt., kg
D x DH 7.89 76.8 9.72
D x DY 7.12 66.2 9.57
D x HY 7.94 79.5 10.31
H x DH 6.80 66.1 9.85
H x DY 8.23 76.5 9.35
H x HY 6.94 67.4 9.87
Y x DH 7.32 70.9 9.68
Y x DY 7.70 71.9 9.50
Y x HY 7.54 72.9 9.67
Contrasts Between Breed of Sire
D-H .33 + .28 4.2 + 2.8 13+ .22
D-Y 13 + .28 2.3+ 2.8 21 + .22
H-Y -.20 + .28 -2.0 + 2.8 .08 + .22
Contrasts Between Breed of Dam
DH - DY -.35+ .28 -0.2 + 2.8 32 + .21
DH - HY -.14 + .28 -2.0+ 2.8 -.20 + .21
DY - HY .21+ .29 -1.8 + 2.8 -.52+ .21¢
Three-Breed Vs. Backcross
Three-Breed - c c
Backcross .50 + .24 5.4 + 2.4 0 + .18

a

b

D = Duroc, H = Hampshire and Y = Yorkshire.

Standard errors for means ranged from .33 to .36 pigs

for number of pigs, 3.2 to 3.5 kg for litter weight and .26 to
.27 kg for average pig weight.

p<.05.
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TABLE XI

COMPARISON OF HETEROSIS ESTIMATES FOR LITTER PRODUCTIVITY

AT BIRTH
Estimate of Birth
Individual No. Litter Avg. Pig Survival
Item Heterosis Pigs wt;,kg Wt., kg Percent
F,--Purebred;® 1 38 +.26 .50 +.27 .04 +.021  7.78+2.4°
Three-Breed - 1 ‘
Backcross 5 31 +.27 .60 +.34 .02 +.02 1.90+ 2.2
3Young et al. (1976a).

bp < . 05.

6€



TABLE XII

COMPARISON OF HETEROSIS ESTIMATES FOR LITTER PRODUCTIVITY
AT 21- AND 42-DAYS

Estimate of 21 Days 42 Days
Individual No. Litter Avg. Pig No. Litter Avg. Pig
Item Heterosis Pigs Wt., kg Wt., kg Pigs Wt., kg Wt., kg
F1-—Purebred;a 1 .65+ .23 3.70+1.14% 155+ .094 .76+ .23% 9.47+2.40° .316+.196
Three-Breed - 1 57+.28° 2.3041.20° -.020+ .090 .50+ .24° 5.40+2.40° .100+.180

Backcross 2

%oung et al. (1976a).
bP< .05,
p<.01.

oV
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this study with those of Young et al. (1976a). The comparison indicates
generally a good agreement with expectations for average number of pigs
per litter at birth, at 21- and 42-days, and for litter weight at 21-

and 42-days. The heterosis estimates from this study for Titter size

are 82, 80 and 66 percent of those from Young et al. (1976a) andvfor
litter weight at 21- and 42-days are 62 and 57 percent as compared to
expected value of 50 percent. The estimate of ohe-ha]f heterosis for
litter weight at birth was .1 kg greater than the previous estimate.

The heterosis estimates in this study are greater than those of Schneider
(1976) in Which the difference between purebreds and crossbreds was .0
for number of pigs born and .29 pigs for number of pigs at 56 days.

These results would indicate that a backcross mating system probably
would not have a greater than expected loss in individual heterosis for
these litter productivity traits. The survival rate estimate in this
study appears to be below that which would be expected based on the esti-
mate of Young et al. (1976a).

Differences betweén Duroc-, Hampshire- and Yorkshire-sired Titters
for preweaning traits were small and nonsignificant. Yorkshire-sired
litters tended to be larger at birth, but by 42-days Duroc- and Yorkshire-
sired Titters were similar for number of pigs and slightly larger than
Hampshire-sired litters (Tables VIII and X). Similar results were re-
ported by Nelson and Robison (1976) and Fahmy et a].'(1971). Young
et a]..(1976a) found that Yorkshire—sired Titters wefe,significant]y
larger at 21- and 42-days than those out of Duroc and Hampshire sires.
Litter weight and average pig weight differences among breed of sire

were small. Several authors have found nonsignificant differences for
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average pig weight when these breeds are used as sires (Nelson and
Robison, 1976; Fahmy et al., 1971; Young et al., 1976a).

Another objective of this study was to compare the three crossbred
female groups for litter productivity. Previous research at this sta-
tion had not allowed for the comparison of these dam groups by the fact
that they were confounded with breed of sire (Johnson et al., 1978).
Reciprocal crossbred female groups were combined to form three female
groups, since these femaie types were not significantly different from
each other for Titter productivity traits.

Although the contrasts between dam breeds were not significant at
birth, at 21- or 42-days, the differences were very consistent for all
three ages as a result of little difference in survival rafe among the
dam breeds. The rankings and differences between these crosses in num-
ber of pigs raised per litter is inconclusive at this time. The study
by Holtman et al. (1975) ranked Duroc-Yorkshire and Hampshire-Yorkshire
slightly higher than Hampshire-Duroc while Nelson and Robison (1976)
suggested a reversal in the rankings. As found with average number of
pigs, differences in total Titter weight were on the most part small and
not significant. Duroc-Hampshire dams produced litters which were .9 ¢
.4 kg heavier at birth but by 21 days this difference was not present.
At birth Duroc-Hampshire fema{es had the heaviest pigs (P <.01) but by
21 days the average pig weight.of nigs with Hampshire-Yorkshire dams
were similar (Table X). Hampshire cross dams had heavier pigs than
Duroc-Yorkshire females (P <.05). At 42-days, pigs with HampShire-
Yorkshire dams averaged .52 + .21 kg heavier than those with Duroc->b

Yorkshire dams (Table X).
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Since there were only small differences among these breeds as sires
and dams, it appears that decisions concerning the selection of a mating

plan for litter production must be made from specific crosses.

Feedlot Performance

Table XIII presents the breed group means and contrasts for post-
weaning traits. Three-breed cross pigs grew significantly faster, were
younger at 100 kg and more efficient in feed utilization than backﬁross
pigs. Young et al. (1976b) found significant individual heterosis for
all postweaning traits which were measured in this study. The differ-
ences between three-breed cross pigs and backcross pigs for average
daily gain and days to 100 kg were very close to one-half the individual
heterosis estimates giVen by Young et al. (1976b), which are shown in
Table XIV.

Three-breed cross pig§ had é slightly greater backfat probe than
backcross pigs; however, this difference was not significant. Young
et al. (1976b) reported a decrease in backfat probe (-.06 + .03 cm) for
crossbred gilts, but a difference of .02 + .04 cm in carcass backfat
measurement between crossbred and purebred barrows. Kuhlers et al.
(1972) did not find significant heterosis for average carcass backfat
at 90 kg in Yorkshire and Po1and China crosses. Schneider (1976)-a]so
did not find significant héterosis for average carcass backfat, while
Bereskin et al. (1971) reported crossbreds had .23 cm more carcass back-
fat than purebreds. In general, it appears that heterosis for backfat
must be close to zero.

The efficiency of feed utilization was significantly greater in

Athree-breed crosses, amounting to about a 3 percent increaée in kg
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TABLE XIII

BREED GROUP LEAST SQUARES MEANS
FOR POSTWEANING TRAITS

Avg. Daily Backfat. Avg. Daily

Gain, Days to Probe, Gain/ Feed Intake
Breeding @ kg/dayb 100 kgb cmb Feedb kg/day b
D x DH .704 186.1 3.39 .320 2.06
D x DY .700 187.2 3.36 .326 2.02
D x HY .710 183.5 3.23 .331 2.00
H x DH .675 192.2 2.92 31 2.04
H x DY .699 187.5 3.04 .331 1.98
H x HY .651 196.3 2.95 .320 1.92
Y x DH .704 185.6 - 3.26 .322 2.03
Y x DY .703 185.5 3.23 .314 2.04
Y x HY .654 192.8 3.11 .317 1.86
Contrasts Between Breed of Sire
D - H 0294 .011° -6.042.3%  .35+.040 .005%.003 .05%.05
D -Y .016+.011 -2.0+2.3 . 11t.o4d .008+ .003~ .05+ .04
H-Y -.012+ .011 4.0+2.3 -.23+.04 .003+.003 .00+ .05
Contrasts Between Breed of Dam
DH - DY -.004+.008, 0.9%1.7 -.01%.03; -.006% .003¢ .03+ .05,
- .DH - HY .0234;.008d -2.911.7d .09;&.03d .005+.003 .12+ .05
DY - HY .028+.008" -3.8+1.7° .10+.03 .001+.003 .09+ .05
Three-Breed Vs. Backcross
- Three-Breed - d ‘d d
Backcross .024+ .007° -4.7%t1.5 .02+ .02 .010+ .002 .02+ .04

4 = puroc, H = Hampshire and Y = Yorkshire.

bStandard errors for the means ranged from .012 to .013 kg/day for
average daily gain, 2.4 to 2.7 days for days to 100 kg, .04 to .05 cm for
backfat probe, .003 to .004 for gain/feed, and .05 to .06 kg/day for aver-
age daily feed intake. : ' '

Cp < .05.

dp . 01.



TABLE XIV
COMPARISON OF HETEROSIS ESTIMATES FOR POSTWEANING TRAITS

Estimate of Avg. Daily Age Backfat Avg. Daily
Individual Gain, at - Probe Feed Intake

Item Heterosis kg/day 100 kg cm Gain/Feed kg/day
F,--Purebred; 1 054+ .007° -9.9+1.3% -.06+.03° .0073+.0030° .077+ .037°

Three-Breed -

C C : C
Backcross .024+.007° -4.7%+1.5 .02+ .02 .0100+ .0020" .020+ .040

N~

%oung et al. (1976b). -
bp .05,
‘p<.01.

Gt
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gain/kg feed for three-breed crosses as compared to backcrosses. There
was a nonsignificant difference in feed intake. Young et al. (1976b)
reported an increase of .0073 + .0030 kg gain/kg feed as compared to an
increase of .010 + .002 kg gain/kg feed in this study. This amount of
heterosis for feed efficiency appears to be greater than most reports in
the literature. Kuhlers et al. (1972) did not find significant heterosis
for feed conversion or feed intake for the period from 56 day to 90 kg.
Young et al. (1976b) found that crossbred pigs consumed .077 + .037 kg
more feed per day than purebred pigs.k With the exception of feed effi-
ciency, the results in this experiment do not deviate greatly froh
theoretical eipectation on the amount of heterosis exhibited for post-
weaning traits.

Duroc-sired pigs had significantly greater average daily gain and
were 6.0 + 2.3 days younger at 100 kg'than Hampshire-sired pigs.
Yorkshire-sired pigs were 4.0 + 2.3 days younger at 100 kg than Hampshire-
sired pigs. This is in general agreement with the literature. Nelson
and Robison (1976) reported that Duroc-sired pigs were heavier than
Yorkshire-sired pigs which were again heavier than Hampshire-sired pigs
at 140 days of age when two-way cross pigs were produced. When three-
breed cross pigs were produced, the differences between breeds of sire
were very small. Fahmy et al. (1976) found that Yorkshire- and Duroc-
sired pigs were similar and both significantly younger than Hampshire—
sired pigs at 90 kg, whi]e.Young et al. (1976b) observed that Duroc-sired
pigs were significant]ykyounger at 100 kg than either Ybrkshire- or
Hampshire-sired pigs.

A1l contrasts between breeds of sire were significant for average

backfat probe at 100 kg. Hampshire-sired pigs had .35+ .04 and .23+ .04
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cm less backfat than Duroc- and Yorkshire-sired pigs, respectively.
This is in agreement with Young et al. (1976b) and Fahmy et al. (1976).
Nelson and Robison (1976) found that Yorkshire-sired pigs had signifi-
cantly greater average probe at 72.7 kg than either Duroc-or Hampshire-
sired pigs. ’

Duroc-sired pigs were the most efficient for feed utilization,
being significantly more efficient than Yorkshire-sired pigs. Differ-
ences for average daily feed consumption were small and nonsignificant.

Both Duroc-Hampshire and Dukoc-YQrkshire females produced pigs
which had greater average dai]y‘gains-and were 2.9 + 1.7 and 3.8 + 1.7
days younger at 100 kg than those pigs with Hampshire-Yorkshire dams.
Hampshire-Yorkshire dams produced pigs which were .09 + .03 and .10 %
.03 cm leaner than those of Duroc-Hampshire and Duroc-Yorkshire dams.
This result might be expected because of the combining ability for lean-
ness from the Hampshire breed and the apparent maternal component for
leanness in the Yorkshire (Young et al., 1976b). Duroc-Yorkshire females
produced pigs which were significantly more efficient than Duroc-
Hampshire offspring but very similar to pigs with Hampshire-Yorkshiré
dams. Offspring of Duroc-Hampshire females had significantly greater

average daily feed consumption than pigs with Hampshire-Yorkshire dams.



CHAPTER 1V

COMPARISONS OF MATING SYSTEMS WITH DUROC, HAMPSHIRE
AND YORKSHIRE BREEDS OF SWINE FOR EFFIéIENCYY
OF SWINE PRODUCTION

Summary

The data from 1,242 Titters farrowed in eight years of crossbreed-
ing experiments involving Duroc, Hampshire and Yorkshire breeds of swine
were analyzed to estimate direct genetic and maternal effects of the
breeds, as well as individual and maternal heterosis. These estimates
were used to predict number of pigs at 42-days, age at 100 kg, backfat
probe and feed efficiency for various breed crosses. Crossbred mating
systems were defined to include purebred, crossbred and commercial mat-
ings needed to maintain a particular cross. Differences in number of
pigs prodgced per.10,000 farﬁowing sows were compared for 21 mating
systems involving Duorc, Hampshire and Yorkshire breeding and used as
an estimafe of differences in production efficiency for these.systems.
Comparisons for number of index value pigs produced was also done for
selected systems when the proportion of gilts retained for breeding and
average number of sows retained were changed.

For number of pigs at 42-days, Yorkshire was 1.03 + 0.53 and 1.63
+ 0.54 pigs greater than Duroc and Hampshire for direct genetic effect
and .74 + .33 and .45 + .33 pigs greater for maternal genetic effect.

Estimates of individual heterosis for number of pigs at 42-days were

48
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1.07 + 0.34, .88 + .34 and .46 + .34 pigs for Duroc-Hampshire, Duroc-
Yorkshire and Hampshire-Yorkshire crosses, respectively. Maternal
heterosis estimates were 1.39 + 0.34, 1.11 + 0.34 and 1.16 + 0.34 for
Duroc-Hampshire, Duroc-Yorkshire and Hampshire-Yorkshire crdsses, respec-
tively. |

The direct genetic effect for age at 100 kg showed Duroc 5.5 + 2.6
days younger than Yorkshire ahd Yorkshire 3.5 + 2.6 days younger than
Hampshire. The maternal genetic effects of Duroc and Hampshire breeds
- were not significantly different from Yorkshire for age at 100 kg. Indi-
vidual heterosis estimates ranged from -8.6 days for Hampshire-Yorkshire
crosses to -11.0 days for Duroé—Hampshire crosses. Maternal heterosis
estimates for age at 100 kg were small and nonsignificant.

For feed efficiency measured as gain/feed, Yorkshire direct genetic
effect was significantly less than Duroc and Hampshire; however, York-
shire maternal effect was significantly greater than the other two
breeds. Individual heterosis was significant for feed efficiency but.
maternal heterosis was essentially zero. Hampshire direct genetic effect
for backfat probe was .45 + .06 cm less than Yorkshire while Ydrkshire
was .20 + .06 cm 1ess}than Duroc. Yorkshire maternal effect was .22.

+ .04 and .33 + .04 cm less than Duroc and Hampshire, respectively.
Individual and maternal heterbsis estimates were not significant for
backfat probe.

A Yorkshire X Duroc-Yorkshire.(Y x DY) mating system produced the
greatest number of pigs per 10,000 sows and produced 2.4 percent more
index value pigs than the best three-breed static cross, Duroc X
Hampshire-Yorkshire (D x HY). The three-breed rotation, Duroc X

(Hampshire-Yorkshire rotation female), Duroc-Yorkshire rotation,
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Hampshire X Duroc-Yorkshire, Yorkshire X Duroc-Hampshire, Yorkshire X
Hampshire-Yorkshire, and Duroc X Duroc-Yorkshire produced 3.33, 2.69,
2.85, 3.81, 2.86, 0.96, and 4.50 percent fewer index value pigs than
D-HY, respectively.

A D x HY static system maintained 7.4, 16.3 and 76.3 percent of its
farrowing sows in sire line, dam line and commercial production, respec-
tively, as compared to the backcross system Y x DY, which maintained
18.5 percent of its sows in placement production and 81.5 percent in
commercial production. The three-breed rotation contains 91.7 percent
of its farrowing sows in commercial production and the remaining 8.3 per-

cent in purebred herds to provide replacement sires.
Introduction

The advantage of crossbreeding swine for commercial production has
been well documented. Recommendations for specific mating systems for
producers have been based on comparisons of specific crosses, with 1little
consideration for the cost of maintaining the purebred and/or multiplier
herds needed to support the system.

Moav (1966) developed methods for comparing specific crossbred pro-
geny for economical profitability by economic-weighting of reproductive
and performance traits of various breeds and breed combinations; however,
this does not consider the cost of the parental purebred herds. |
Dickerson (1973) compared hypothetical swine populations in several mat-
ing systems considering the cost in efficiency for maintaining the pure-
bred and multiplier levels. Under those conditions, costs per pig were
15 percent higher for static two-breed crosses fhan static three-breed

crosses.
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Mating systems for other livestock species have been examined by
several authors. Cartwright et al. (1975) examined beef cattle mating
systems comparing the amount of feturn for a fixed amount of input. In
that study three sizes of cattle were compared in two environments for
several mating systems. Dickerson (1973) compared relative production
for industry-wide sheep breeding systems considering the cost of produc-
ing all the parent breeding stock. Nitter (1978) did a similar type of
study comparing the number of ewes.in different mating systems'required
to produce an arbitrary amount of lamb; however, the cost of producing
terminal sires was not inc]udéd.

An objective of this study was to estimate direct genetic effects,
maternal effects, and individual and maternal heterosis for the Duroc,
Hampshire and Yorkshire breeds. These estimates are used to predict
performance for various breed combinations and to evaluate the efficiency
of several mating systéms using these breeds and their crosses. In addi-
tion, the effect on pig production for varying sow replacement rates and
two selection intensities for gilts was investigated for several selected

mating systems.
Materials and Methods

vThe data used in this study were taken from two earlier experiments
in which purebred, two-breed and three-breed crosses with Duroc, Hamp-
shire and Yorkshire breeds of swine were produced (Young et al., 1976a;
Young et al., 1976b; Johnson et al., 1978). In addition, the data re-
ported in Chapter IIIwere included in the analyses.

The three previous experiments were composed of three phases. The

first phase included purebred énd two-breed cross matings. The second
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phase compared two-breed and three-breed crosses, while the third phase
compared backcross and three-breed cross swine. A total of 1,243 litters
were included in the analyses. \
These data were used to estimate the parameters of breed and breed
cross means defined by Dickerson (1969). The parameters estimated were

I I

9p> gg, hAB’ and hEB for Duroc, Hampshire and Yorkshire breeds, where gI

A
is the deviation due to average effects of the individual's own genes of

breed A, gg is the deviation due to average effect through maternal
environment for genes of breed A dams, th is the deviation due to in-
creased average heterozygosity of‘Fj.crossbreds from crossing breeds A
and B, and hEB is similar to hiB Egcept'that it is the effect of using a
crossbred dam from a Cross betweén‘breeds A and B. Dickerson (1969)
included additional parameters such as deviations due to grandmatérna]
effects, grandmaternal heterosis, and recombination effects, but since
these cannot be eétimated from the data they were ignored. This model
assumes a linear relationship between degree of heterozygdsity and

amount of heterosis (Dickerson, 1969).

The data were analyzed with the following linear model:

y=2Xe+e
where
y = 30x 1 vector of breed cross means;
X = 30x 13 design matrix based on genetic expectation of means;
B = 13x 1 vector of parameters which include:

p - a common constant;
p; - effect of phase, i =1, 2, 3;

g§ - direct genetic effect, j =1, 2, 33
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g? - maternal genetic effect, k =1, 2, 3;

I
hz
h: - maternal heterosis, n =1, 2, 3;

- individual heterosis, 2 =1, 2, 3;

e = 30x 1 vector having multivariate distribution with mean zero
and variance-coyariance matrix ch where V is a 30x 30 diagonal
matrix with the reciprocal of the number of observations com-
prising each breed cross mean on the diagonal.

Generalized Teast Squares were used to obtain solutions to the equa-

tions with the following restrictions:
3 3
= I‘: m:
pi-ggj ng 0.

Traits of interest for these aha]jées were number of pigs at 42-days,
age at 100 kg, average backfat probe and feed efficiency. Predicted
values for various breed combinations and crosses including purebred,
two-breed, three-breed, backcross, and various rotation crosses were

calculated.

Mating Systems

Mating systems were defined to include the entire population of
purebred and crossbred herds which were needed to maintain and provide
breeding stock as replacements for a particular mating structuré., The
efficiencies of different mating systems could be compared on a total
economic basis (Cartwright et al., 1975) or on the amount of product
produced per female in the herd (Dickerson, 1973; Nitter, 1978). Harris
(1970) defined the fo]lowihg equations to evaluate the expense and in- |

come per individual pig:
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_ . . _ slaughter cost per
P = Production cost of a pig cost + (unit feed)
labor and time to
feed i3
( . + |facilities cost reach |;
consumpt1on) ( per unit time ) (s]aughter)
sow and
R = Reproduction cost = {?ttég; [1itter fixed
costs
sow and boar costs
+ 1itter feed + 14 ;
costs per litter
. lvage
t of gilt - Sa
(Rep) = Replacement cost = ©5 ? - value from ;
. production old sows
and
_ . . _ _ No. of [@&verage pig
N = Number of pigs = litters ( 1;§§§r (surviva])'
‘Then,
Expense (E) = P + E;i_%ﬂéﬂl H
Income (I) = (carcass weight)(carcass quality);
and

Total Profit.

N(I-E) = N(I) - N(P) - R - (Rep).

This can be extended to compare two mating systems, S] and 52,
where the total number of litters farroWed was fixed. Then R] equals R2
if litter costs are independent of 1itter size. This assumption probably
is notbtrue but differences should be quite small. Thus to compare two

mating systems,
D = (total profit)] - (tota]'proﬁ't)2 = [N](I]) - N1(P]) - Ry

- (Rep);] - [N,(I,) - Ny(P,) - Ry - (Rep),]
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and reduces to
N1(I] - P1) - NZ(IZ-PZ) + (Repz) - (Rep]).

If the salvage value of a sow is equivalent to the cost of raising
a gilt from birth until the time she enters the_breeding herd and is
bred, then (Repi) will be zero and the difference between (Rep1) and

(Repz) will be zero. Then

D= N](I] -P]) - N P

2(15=Py).
If this assumption is not true, there will be a Targer discrepancy in
mating systems with Tower conception rates since more gilts will be
retained.

For each mating system, there are several breed combinations which

make up the total pig production for a mating system. Each breed com-

bination has its own value for the quantity (I -P) which is equal to

facilities cost

Tabor and
carcass value - (COSt PET) ( feed ) ) ( )

unit feed/ \consumption per unit time
time to
reach |;
slaughter
k .
therefore, N(I-P) is actually )} ni(Ii-Pi) with n; the number of pigs
: i=1 :
of the ith breed group, Ii the carcass value of the ith breed group, and
th

P; the production cost of the i breed group. Costs of labor, feed per
unit and fiked costs per day would be constant for each system. The
major production costs between weaning and 100 kg were feed and fixed
costs per day. Differences in carcass value at a fixed weight were pri-

marily due to differences in carcass composition. Thus the quantity

that is of interest is an economic weighting of these three traits for
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the various breed groups. The quantity (Ii"Pi) was estimated by the

following index:

100 - .10(Di— Qy) + 90(FE1— FEy) - 2.16(Bfi-BFy)

Indexi = 100
where

Di = days to 100 kg for the ith breed group;
Qy = mean days to 100 kg for Yorkshire;
FEi = gain/feed for the ith breed group;
FFy = gain/feed ratio for Yorkshire;
BFi = backfat probe for 1th breed group; and
BFy = mean backfat probe for Yorkshire."

The economic values of -$.10 for each day decrease in days to 100
kg, $90 for increased feéd efficiency, and -$2.16 per cm increase in
backfat probe were used by Cunningham (personal communication, 1978).
The value 100 was arbitrary and would represent a 100 kg market hog hav-
ing a value of $100. Changes in market price would change this value
but would not greatly change the index value of systems over normal
price ranges. Yorkshire market hogs would have a relative value of 1.00,
with all other breeds and breed crosses compared to Yorkshire.

Linear programming techniques were used to find the optimum produc-
tion from 21 different mating systems with Duroc, Hampshire, and York-
shire breeds of swine. Linear programming was readily adaptable to this
problem, since the objective was to optimize the number of pigs produced
in a mating system with the constraint that total number of farrowing
sows in a system would be 10,000. Reétrictions on minimum purebred herd
size, replacement rates, conception rates, and proportion of offspring

which were saved for breeding could thus be imposed for each mating
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system. The IBM MPSX Linear Programming Package was used as the com-

puter program for this study.

Model Assumptions and Restrictions

Mating systems were considered to be at equilibrium, producing only
as many replacements as were needed to maintain the system under the re-
strictions which were imposed. The restrictions which follow were placed
on all mating systems. The total number of sows farrowing within a mat-
ing system was 10,000 females. Purebred herds had a minimum of 100 gilts
farrowing, and 90 percent of the gilts farrowing in dam lines were avail-
able to be transferred to F] gilt production herds. Conception rate,
based on number of females saved, for the various female breed groups
were as follows: Duroc, 81.6 percent; Hampshire, 86.0 percent; Yorkshire,
70.9 percent; Duroc-Hampshire, 78.1 percentj Duroc-Yorkshire, 83.4 per-
~ cent; and Hampshire-Yorkshire, 82.4 percent (Johnson et al., 1978). Con-
ception rate was assumed to be the same for all gilts and sows (Young
et al., 1976a).

The number of litters that a sow farrows affects the number of gilts
which must be retained as fep]acements and the length of generation inter-
. val, thus 1nf1uehc1ng rate of progress from selection. For the primary
analysis, average retention rate for purebred sows farrowing crossbred
litters was set at 50 percent and the retention rate for cbmmercia] SOWS
was set at 60 percent. |

At any level of production, a maximum of 90 percent of the gilts
which farrowed could be retained for the breeding herd. Therefore, aver-
age retention rate pertains only to sows which have farrowed two or more

Titters and is calculated by dividing the total number of sows which were
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retained by the total number of sows which were available for selection,
all of which farrowed two or more Titters. Sows were retained at random
without regard to parity. Consequently, several parity distributions
cbu]d result in the same retention rate. |

Additional assumptions included the following: (1) sows weaned 1.2
more pigs per litter than gilts of the same breeding (Young et al.,
1976a; Johnson et al., 1978); (2) maximum number of young females saved
from purebred or F] offsprinngas 80 percent; (3) maximum number of
young boars retained for breeding was one-half; (4) boars were utilized
at the rate of one boar per ten females in the breeding herd; and (5)
boars were replaced for each pig crop.

A1l mating systems were compared at average sow reténtion rates of
50 percent for purebred and 60 percent for commercial sows. Also,
several selected mating systems were compared at various purebred and
commercial sow retention rates, and two limits (.5 and .8) of the propor-
tion of purebred gilts retained for breeding were investigated. These
comparisons should give an estimate of the effect that diverse selection

intensities have on efficiency of production.
Results and Discussion

Breed Effects

Table XV présents the differences between breeds for direct and
maternal effects, and additionally, for individual and maternal hetero-
sis values for number of pigs per litter at 42-days, days to 100 kg,
feed efficiency, and backfat probe. The direct genetic effect for York-
shire was 1.03 + 0.53 and 1.63 + 0.54 pigs greater than Duroc and Hamp-

shire, respectively, for number of pigs per litter at 42-days.
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TABLE XV

ESTIMATED BREED EFFECTS, INDIVIDUAL HETEROSIS AND MATERNAL
HETEROSIS FOR NUMBER OF PIGS AT 42-DAYS, AGE AT 100 KG,
FEED EFFICIENCY, AND BACKFAT PROBE

No. Pigs at Days to Backfat

Effect 42-Days 100 kg Gain/Feed Probe, cm
Direct
D-y2 1.03 + .532 5.5+ 2.6°  .012 + .005C .20 ¢ .063
H-Y 1.63 + .54 3.5 + 2.6 014 + .005 -.45 + .06
Maternal
D-Y 0.7 + .33  0.5+1.6 -.022 + .0033 22 + .043
H-Y 045+ .33  -0.9+1.6 -.028+ .003% .33% .04
Ind. Heterosis
DH 1.07 + .34g S11.0 + 1.73 013 + .oo4§ .05 + .04
DY 0.88 + .34° 9.6+ 1.7¢  .008 * .0035 -.07 ¥ .04
HY 0.46 + .34 -8.6+1.79  .008 % .003° .04 % .04
Mat. Heterosis
DH 1.39 + .343 1.5+ 1.6 -.000 + .003 ~-.01 + .04
DY 1.11% .38 -1.4%1.6 -.001 + .003 .06+ .04
HY 1.16 + .34 1.6+ 1.6 -.000+ .003 .05+ .04

D = Duroc, H = Hampshire, Y = Yorkshire.
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Similarly, maternal effects for Yorkshire were significantly greater
than Duroc, .74 + .33 pigs, and tended to be larger than Hampshire, .45
+ .33 pigs. Schneider (1976) found small and nonsignificant differences
between these breeds for general combining ability and maternal effects
for number of pigs at 56-days. These conflicting results may be due to
sampling, since Schneider (1976) used approximately 70 females and 9
males per breed. Bereskin et al. (1974) found that maternal effects
were not significant for number of pigs at 56-days in Yorkshire and
Duroc crosses from lines which had been selected for low- and high-fat.
Estimates of individual heterosis effects for number of pigs at 42-days
were 1.07 + 0.34 pﬁgs for Duroc—Hahpshire crosses, .88 + .34 pigs for
Duroc-Yorkshire crosses and .46 + .34 pigs for Hampshire-Yorkshire
crosses. Schneider (1976) gave specific heterosis values of .47 pigs
for Duroc-Hampshire, -.58 pigs for Duroc-Yorkshire and -.92 pigs for
Hampshire-Yorkshire, all at 56-days. From this study, maternal hetero-
sis for number of pigs at 42-days was significant and similar for all
crosses ranging from 1.11 to 1.39 pigs per litter.

For days to 100 kg, the direct effect for Duroc was 5.5 + 2.6 days
less than Yorkshire and 9.0 days less than Hampshire. Yorkshire direcf
effect was 3.5 + 2.6 days less than Hampshire. Maternal effects for age
at 100 kg were small and not significant. Estimates of individual
heterosis for all crosses were highly significant for age at 100 kg,
ranging from -11 days for Duroc-Hampshire corsses to -8.6 days for
Hampshire-Yorkshire crosses. Maternal heterosis estimates for age at
100 kg were small and not significant. |

For feed efficiency both Duroc and Hampshire direct effects were

significantly greater than Yorkshire; however, the Yorkshire maternal
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effect was about twice as great as the direct effect. Thus Yorkshire
dams would have a much greater effect on increasing the feed efficiency
of their offspring than dams of the other two breeds. Individual hetero-
sis was significant for feed efficiency but maternal heterosis was not
significant, having esentially an estimate of zero. The Hampshire direct
genetic effect was .45 + .06 cm less than Yorkshire for average backfat
probe, and Yorkshire was .20 + .06 cm less than Duroc. Nelsoh and
Robison (1976) reported that HampShire—siréd pigs had less average back-
fat probe than Yorkshire and Duroc. The Yorkshire maternal effect sig-
nificantly reduced backfat probe by .22 + .04 cm and .33 £ .04 cm over
Duroc énd Hampshire, respectively. This is in agreement with Bereskin
et al. (1971). Individual and maternal heterosis>estimates were not
significantly different from zero for any of the crosses.

The predicted breed or breed cross performance calculated from
these direct affects, maternal effects, and individual and maternal
heterosis values is shown in Table XVI. The rotation crosses were calcu-
lated based on the equilibrium heterosis levels and the average direct

and maternal effects for the breeds which compose the rotation crosses.

Mating Systems

Table XVII ahd Figure 2 presént the number of index value pigs pro-
duced per 10,000 farrowing sows for various mating systems. \These com-
parisons were made with the restriction that 50 percentrof the purebred
sows farrowing two or more litters and producing crossbred litters would
be available for the breeding herd. Sixty percent of the commercial sows
farrowing two or more litters were available as replacements in the sow

herd. The number of gilts available for replacement was limited to 80
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PREDICTED MEAN PERFORMANCE OF BREED CROSSES FOR NUMBER OF PIGS
AT 42-DAYS, AGE AT 100 KG, FEED EFFICIENCY, BACKFAT
PROBE, AND INDEX VALUE

Breeding No. of Pigs Age at Gain/ Backfat ‘Index
‘Type at 42 Days 100 kg Feed Probe, cm Value
DxD 5.48 187.3 .310 3.33 .983
H x H 5.18 195.0 .307 2.79 .983
Y x Y 7.26 188.2 .32] 2.91 1.000
D x H 6.55 179.5 .319 3.06 1.004
D x Y 7.62 178.0 .334 2.94 1.022
Hx D 6.25 180.8 .325 2.95 1.010
Hx Y 6.90 183.4 .335 2.72 1.022
Y x D 6.88 178.5 .313 3.16 .997
Y x H 6.45 182.5 .307 3.05 .99]
D x DH 7.41 181.9 .314 3.19 .995
D x DY 7.67 181.3 .321 3.19 1.002
D x HY 8.24 180.3 .326 3.04 1.010
H x DH 7.1 186.4 .316 2.87 .998
H x DY 7.69 180.8 .329 2.90 1.015
H x HY 7.20 190.8 .321 2.80 1.000
Y x DH 8.06 179.0 .310 3.10 .995
Y x DY 8.18 182.0 .316 3.09 .998
Y x HY 8.01 187.0 .314 3.02 .992
DH rot. 6.97 182.8 317 3.02 1.000
DY rot. 7.70 180.5  .320 3.11 1.003
HY rot. 7.30 186.9 .319 2.90 1.000
Dx (HY rot.) 7.86 179.8 .326 3.02 1.011
Hx (DY rot.) 7.32 181.2 .329 2.88 1.016
Y x (DH rot.) 7.60 179.5 .310. 3.10 .996
DHY rot. 7.71 181.5 .320 3.01 1.005
a

first.

D = Duroc, H = Hampshire and

Y = Yorkshire, Breed

of sire listed



TABLE XVII

NUMBER OF PIGS, NUMBER OF INDEX VALUE PIGS AND COMPARISONS
FOR MATING SYSTEMS

Mating No. of No. of Index b No. of No. of Index Total No. of In-  Percent Change

System Pigs Value Market Pigs Rep. Gilts Value Gilts = dex Value Pigs From D-HY
DHY? rot. 75059 75392 5709 5720 81112 -3.33
Y-(DH rot.) 73254 72993 6138 6134 79127 -5.69
D-(HY rot.) 75355 76035 5631 5613 81648 -2.69
DH rot. 66912 66866 6126 6107 72973 -13.03
DY rot. 75893 76091 5425 5429 81520 -2.85
HY rot. 71792 71770 5538 5521 77291 -7.89

77435 78155 5721 5753 83908
73990 75025 5638 5690 80714 -3.81
75881 75563 - 5936 5945 81505 -2.86
80782 80673 5177 5249 85922 2.40
78206 77746 5190 5353 83099 -.96
75040 , 75161 4943 4968 80129 -4.50
70771 70472 5488 5502 75974 -9.46
70350 70281 4980 4943 75224 -10.35
68641 68507 5404 5404 73911 -11.91
63630 63844 4607 4529 68373 -18.51
- 71893 73012 6393 6378 79390 -5.38
67863 68584 6372 6361 : 74945 -10.68
55630 54684 5025 4940 59624 -28.94
53548 52637 : 4474 4398 57035 -32.02
70821 70821 6683 6683 77504 -7.63

8y = Duroc, H = Hampshire, and Y = Yorkshire.

b.z] n, (Index Valuei), where n. is the number of pigs of it breed or breed cross.
J:

€9
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percent of the female offspring. The best three-breed system was a
Duroc sire mated to a Hampshire-Yorkshire cross female. Yorkshire sires
mated to a Duroc-Hampshire female produced 2,398 fewer index value pigs,
or a decrease of 2.86 percent, as compared to the D-HY system. The
static three-breed cross with Hampshire sires decreased the number of
index value pigs produced by 3.81 percent from D-HY. Backcrossing a
Yorkshire sire with a Duroc-Yorkshire female produced 2.4 percent more
index value pigs than the best three-breed Static cross, which is due
primarily to the need for oniy two purebred herds and the high Titter
producfivity of the breeds and crosses involved.

Each rotation cross was less efficient in number of pigs produced
than the D- HY mating system. Two-breed rotation crosses with Duroc-
Yorkshire, with Duroc terminal sire on a Hampshife-Yorkshire rotation
female, and with the three—bréed rotation cross Qere all similar in
their production. Although the three-breed rotation maintains a higher
proportion of sows farrowing in the commercial level (Figure 3), the
Titter productivity is not at the level of D-HY crosses. Three-breed
rotation crosses cannot take advantage of those breeds which are superior
as maternal or paternal parents, because they are the mean of the three
breeds included in the cross plus six-sevenths of individual and maternal
heterosis (Dickerson, 1969).

Mating systems which maintained a high proportion of Duroc and Hamp-
shire breeding produced 4.5 to 32.0 percent fewer index value pigs per
10,000 farrowing sows. Mating systems involving these three breeds
should contain Yorkshire breeding in the same line. Although the mating
system Y - DH produced only 2.86 percent fewer index value pigs than

D- HY, this sytem does not take advantage of the Yorkshire maternal
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effect for number of pigs weaned, feed efficiency, and backfat probe.

The Y - DH system would be much less productive than the D - HY, except
that the Y - DH system has 163 fewer gilts required in the sire line than
the D - HY system (Table XVIII). The higher reproductive rate of York-
shire allows fewer gilts to produce the required boars and thus increases
the number of females in the dam line and commercial herds.

Figure 3 shows the percentage of sows farrowing from different
breeding stock leveis for four mating systems. With either three-breed
system, D- HY‘or D- (HY rotation), the number of sows farrowing in each
production Tevel 1is similar. In the D-HY system, 7.4, 16.3 and 76.3"
~ percent of the sows are in sire line, crossbred F1 gilt and commercial

production, while in the D- (HY rotation) system there are 7.5, 15.1 and
77.4 percent, respectively, in each Tevel of prqduction. The backcross
system'of Y - DY maintains 18.5 percent of its farrowing sows in purebred
herds -and 81.5 percent in commercial production. A three-breed rotation
maintains the largest proportion of females in commercial production,
with 91.7 percent of farrowing feha]es producing three-breed offspring.
Thé three purebred herds, which supply sires, comprise 8.3 percent of
the farrowing females for that system.

The effect of selection intensity and/or change in generation inter-
' 3va1 upon productiVity of mating systems is an area of interest. Of fur-
| ther interest would be the expected response due to»decisions regarding
§e1ection programs; however, that is beyond the scope of this study. The
procedures used to simulate selection policies were to vary gilt selec-
tion intensities, purebred and crossbred sow retention rates, and vafious

combinations.
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To estimate the effect of changing selection intensities on present
production, six systems were compared setting the proportion of gilts
saved at the practical 1limits of .5 and‘.8 of purebred gilts produced in
the sow lines. Table XIX and Figuré 4 give these comparisons. In the
backcross systems, D- DY, Y- DY and Y—.HY, the differences in number of
index value pigs produced were 50 index value pigs or less for each mat-
ing when the Timit for gilt selection was changed. This was due to the
restriction that one-half of the young boars coU]d be retained for the
‘breeding herd, which contributed to an excess of purebred gilts and in-
creased selection intensity (Tables XXII and XXIII). For the three-breed

static system H-DY and D- HY, pkOddction was decreased 97 and 152 index
| value pigs, respectively; however, the Y- HD system had a loss of 880
index value pigs (Table XX). The differences 1q production due to chang-
ing proportion of gilts retained were similar when average retention rate
of purebred sows was held congtant énd average retention rate for commer-
cial sows was changed from 60 to 70 percent (Tab]e XX).

The length of time a female stays in a breeding herd also affects
the amount of genetic‘progress per year that a herd makes through selec-
tion, as either the generation interval is lengthened or selection inten-
sity decreases or both (Dickerson’and Hazel, 1944). Table XXI and Figure
5 show the results of varying the average sow retention rate for purebred
sows producing F] offspring in the Y- DY, Y-DH, and D- HY systems. The
average increase in number of index value pigs for each 10 percent in-
crease in average retention rate of sows farrowing their second litter
or more was 68, 48, and 147 for the D-HY, Y-DY and Y - DH systems,
respectively. Decreasing the 1imit on the proportion of pUrebred gilts

saved for breeding and then varying the retention rate for purébred SOWS
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show the most dramatic effect on production in the Y- DH system (Figure
5). Production is decreased by 528 index value pigs at the retention
rate of 70 percent and by 1,582 index value pigs when no sows are re-
tained past their second litter for commercial production, with the
selection Tlimit for purebred gilts being 50 percent. Those values com-
pare to 109 and 314 index value pigs in the D-’HY'system and to zero and
252 index value pigs for the Y- DY systgm. _At the higher levels of com-
mercial sow retention in the Y - DY system,‘less than .5 of the gilts are
retained for breeding; therefore, the 1limit of .5 does not decrease pro-
duction unti]lthe average sow retention rate becomes less than 50 percent
(Tables XXII and XXIII).

An additional factor that affects productivjty of mating systems is
the length of time that a commerciaj sow is ret&ined in production.
Table XXIV and Figure 6 show the result of varying the average retention
rate of commercial sows when holding the gilt selection 1imit constant .
at .8 and when retaining 50 percent of the purebred sows producing F1
gilts and farrowing two or more litters. The total decrease in produc-
tion as a result of chahging from retaining an average of 70 percent of
those sows to not retaining any commercial sow for more‘than two Titters
was 2,724, 2,441, 2,281, 2,779, and 2,377 index value pigs for D - HY,
Y—.DY, DHY rotation, Y- HD and H- DY mating systems, respectiveiy.

These range from a decrease of 2.8 percent in Y- DY and DHY rotation to
a decrease of 3.4 percent in the Y- HD system.

Table XXV and Figure 7 compare the number of index value pigs pro-
duced by the D- HY and Y- HD systems over various commercial sow reten-
tion rateé when the purebred retention rate and proportion of purebred

gilts selected are varied. This figure Shows that in the Y- DY’énd
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D - HY systems, decreasing the average retention rate for commerica] Sows
from 70 to 60 percent decreases total production by almost the same
amount as decreasing the average retention rate from 50 percent to zero
for purebred sows producing crossbred offspring and farrowing two or
more litters. This indicates that commercial sows should be retained at
maximum retention rates while purebred females producing crossbred off-
spring should be culled after the second ]ittér. This selection proce-
dure may increase the response to se]eétion per year in these systems by
decreasing the generation interval, since purebred sows would farrow
fewer Titters. In the Y- DH system, culling all purebred sows farrowing
F]_offspring after the second litter reduces production from 819 to 1,043
index value pigs which is greater than the reduction from reducing aver-
age retention rate for commercial sows from 70 to 60 percent. In the
Y - DH system, changing retention rate for pureb?ed sows and/or increasing
selection intensity for purebred gilts have a marked effect on production
from that system (Figure 7). |

In choosing a mating system several points must be takén into con-
~ sideration. These considerations include production of replacement
femé]es, making use of maternal and paternal differences, how much selec-
‘tion will be practiced, selection based on a general index or both mater-
nal and paternal 1ndéxes, and'balancing future returns to preseht
returns. A backcross system such as Y- DY produced the greatest number
of index value pigs per 10,000 sows. Even though a system like this
needs bn]y two purebred herds and maintains maximum maternal heterosis,
it does not allow for selection based on maternal and paternal lines.
Smith (1964) has shown that selection in maternal and paternal lines

will always be as effective--and may be much more efficient--than
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selection in two lines based on a general index. A three-breed rotation
system has the advantages of high percentage of sows in commercial pro-
duction and ease of gilt replacements, but production is decreased by

3.3 percent when compared‘to the best three-breed static. The three-
breed static cross D-HY has the second highest production rate and
allows for taking full advantage of maternal and paternal traits of the
threé breeds.. Since selection can be based on maternal and paternal in-
dexes in this system, this selection scheme would need to be more effec-
tive for the long term than a general selection index in the Y - DY mating
system in order for the D - HY system to become as efficient as Y - DY.
This mating system is more complicated than a backcross or rotation sys-
tem but may offer a good combination of present returns and selection for

future improvement.



LITERATURE CITED

Bereskin, B., C. E. Shelby, and L. N. Hazel. 1971. Carcass traits of
purebred Durocs and Yorkshires and their crosses. J. Anim. Sci.
32:413.

Bereskin, B., H. 0. Hetzer, W. H. Peters, and H. W. Norton. 1974. Gene-
tic and maternal effects on pre-weaning traits in crosses of high-
and Tow-fat lines of swine. J. Anim. Sci. 39:1.

Bichard, M. 1971. Dissemination of genetic improvement through a live-
stock industry. Anim. Prod. 13:401.

Carmon, J. L., H. A. Stewart, C. C. Cockerham, and R. E. Comstock. 1956.
Prediction equations for rotational crossbreeding. J. Anim. Sci.
15:930.

Cartwright, T. C., H. A. Fitzhugh, Jr., and C. R. Lbng. 1975. Systems
analysis of sources of genetic and environmental variation in effi-
ciency of beef production: mating plans. J. Anim. Sci. 40:433.

Dickerson, G. E. 1969. Experimental approaches in utilizing breed re-
sources. Anim. Breed. Abstr. 37:191. '

Dickerson, Gordon. 1970. Efficiency of animal production--molding the
biological components. J. Anim. Sci. 30:849.

Dickerson, Gordon E. 1973. Inbreeding and heterosis in animals. In
Proceedings of the Animal Breeding and Genetics Symposium in Honor
of Dr. Jay L. Lush, American Society of Animal Science, Champaign,
I1.

Dickerson, G. E., and L. N. Hazel. 1944. Effectiveness of selection on
progeny performance as a supplement to earlier culling in livestock.
J. Agr. Res. 69:459.

Fahmy, M. H., and C. S. Bernard. 1971. Crossbreeding swine: evaluation
of twenty-eight crosses of market pigs. Can. J. Anim. Sci. 51:645.

Fahmy, M. H., C. S. Bernard, and W. B. Holtman. 1971. Cross-breeding
swine: reproductive performance of seven breeds of sows bred to
produce crossbred progeny. Can. J. Anim. Sci. 51:361.

Fahmy, M. H., W. B. Holtmann, and T. M. MacIntyre. 1976. Evaluation of

performance at slaughter of twenty combinations of three-breed
crosses of pigs. Anim. Prod. 23:95.

76



77

Fahmy, M. H., W. B. Holtman, T. M. MacIntyre, and J. E. Moxley. 1978.
Evaluation of piglet mortality in 28 two-breed crosses among eight
breeds of pigs. Anim. Prod. 26:277.

Fitzhugh, H. A., C. R. Long, and T. C. Cartwright. 1975. System analy-
sis of sources of genetic and environmental variation in efficiency
of beef production: heterosis and complementarity. J. Anim. Sci.
40:421.

Harris, Dewey L. 1970. Breeding for efficiency in livestock production:
defining the economic objectives. J. Anim. Sci. 30:860.

Harvey, W. R. 1972. Program write-up for least squares and maximum
likelihood general purpose program. The Ohio State University,
Columbus, Ohio (mimeo).. \

Heady, E. 0., and W. Candler. 1958. Linear'programming methods. Iowa
State University Press, Ames, Iowa. .

Henderson, C. R. 1952. Specific and general combining ability. In
J. F. Gowen (Ed.), Heterosis. lIowa State University Press, Ames,
Towa. :

‘Ho1tmann, W. B., M. H. Fahmy, T. M. MacIntyre, and J. E. Moxley. 1975.
Evaluation of female reproductive performance of 28 one-way crosses
produced from eight breeds of swine. Anim. Prod. 21:199.

Johnson, R. K. 1973. Maternal heterosis for dam productivity and post-
weaning feedlot performance in swine. Ph.D. thesis, Oklahoma State
University, Stillwater, Okla.

Johnson, R. K., I. T. Omtvedt, and L. E. Walters. 1975. Evaluation of
purebreds and two-breed crosses in swine: feedlot performance and
carcass merit. J. Anim. Sci. 37:18.

Johnson, R. K., I. T. Omtvedt, and L. E. Walters., 1978. Comparison of
productivity and performance for two-breed and three-breed crosses
in swine. J. Anim. Sci. 46:69.

Kuhlers, D. L., A. B. Chapman, and N. L. First. 1972. Estimates of
' genotype-environment interactions. in production and carcass traits
in swine. J. Anim. Sci. 35:1.

Long, C. R., T. C. Cartwright, and H. A. Fitzhugh, Jdr. 1975. Systems
analysis of sources of genetic and environmental variation in effi-
ciency of beef production: cow size and herd management. J. Anim.
Sci. 40:409.

Moav, R. 1966a. Specilaized sire and dam lines I. Economic evé1uation
of crossbreds. Anim. Prod. 8:193.

Moav, Rom. 1966b. Specialized sire and dam lines III. Choice of'the
most profitable parental combination when component traits are
genetica]]y non-additive. Anim. Prod. 8:365.



78

Moav, Rom, and W. G. Hill. 1966. Specialized sire and dam lines IV.
Selection within lines. Anim. Prod. 8:375.

Nelson, R. E., and 0. W. Robison. 1976. Comparisons of specific two-
and three-way crosses of swine. J. Anim. Sci. 42:1150.

Nitter, G. 1978. Breed utilization for meat production in sheep. Anim.
Breed. Abstr. 46:131.

Reddy, V. B., J. F. Lasley, and D. T. Mayer. 1958. Genetic aspects of
reproduction in swine. Missouri Agr. Exp. Sta. Res. Bull. 666.

Schneider, James F. 1976. Heterosis, combining ability and maternal
ability estimated from single-crosses among four breeds of swine.
- M. S. thesis. Iowa State University, Ames, Iowa.

Sellier, P. 1976. Thé basis of crossbreeding in pigs; a review.
Livest. Prod. Sci. 3:203.

Smith, Charles. 1964. The use of specialized sire and dam lines in
selection for meat production. Anim. Prod. 6:337.

Smith, H. G., and J. B. McLaren. 1967. Performance of breeds and breed
crosses of swine. Tennessee Agr. Exp. Sta. Bull. 434,

Wilton, J. W., C. A. Morris, E. A. Johnson, A. 0. Leigh, and W. C.
Pfeiffer. 1974. A linear programming model for beef cattle produc-
tion. Can. J. Anim. Sci. 54:693.

Winters, L. M., 0. M. Kiser, P. S. Jordon, and H. W. Peters., 1935. A
six years study of crossbreeding swine. Minnesota Agr. Exp. Sta.
Bull. 320. :

Young, L. D., R. K. Johnson, and L. T. Omtvedt. 1976a. Reproductive
performance of swine bred to produce purebred and two-breed cross
lTitters. J. Anim. Sci. 42:1133.

Young, L. D., R. K. Johnson, I. T. Omtvedt, and L. E. Walters. 1976b.
Postweaning performance and carcass merit of purebred and two-breed
cross pigs. J. Anim. Sci. 42:1124.



APPENDIX

TABULAR DATA

79



NUMBER AND BREED GROUP DISTRIBUTION OF FARROWING SOWS
FOR EIGHT MATING SYSTEMS

TABLE XVIII

80

Commercial Breed Groupb
Mating Sow Reten- , Commer-
System tion Rated DD HH YY Dx. Hx Yx cial
Terminal

D-HY .6 742 107 289 342 893 - 7628
.7 754 100 270 287 836 7753
Y-DH .6 103 345 579 310 1104 7559
.7 100 315 587 301 1010 7686
H-DY .6 109 783 312 135 966 7695
.7 100 796 283 124 875 7822

Backcross
Y-DY .6 114 594 141 1006 8136
.7 102 601 127 907 8263
Y-HY .6 130 593 176 1087 8013
' .7 118 601 160 985 8136
D-HY .6 786 100 975 193 7947
7 784 100 973 99 8045

. Rotation
DHY .6 299 316 218 9167
7 299 316 218 9167

eThe selection rate 1imit for gilts was .8 of the gilts produced
and 50 percent of the purebred sows farrowing two or more litters were
available as replacement females.

b

DD, HH and YY represent the number of purebred gilts; Dx, Hx and

Yx represent the number of purebred females producing F1 offspring, and
Commercial represents the number of sows producing commercial offspring.
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TABLE XIX

NUMBER OF INDEX VALUE PIGS PRODUCED FROM EIGHT MATING
SYSTEMS AT TWO GILT SELECTION LIMITS

No. of Index Value Pigs

Gilt Produced With Commercial
Mating Selection Sow Retention Rate
System@ Limit .6 i
Terminal
D-HY 5 83756 84333
.8 83908 84490
H-DY .5 80617 81038
.8 80714 81149
Y-HD .5 80625 81256
.8 81505 82084
Backcross
D-DY .5 70178 80551
.8 80129 80551
Y-DY .5 85878 86438
.8 85922 86438
Y-HY .5 83049 83647
.8 83099 83664
Rotation
DHY 81112 , - 81568
DY 81520 81997

4D = Duroc, H = Hampshire and Y = Yorkshire.



TABLE XX

CHANGE IN NUMBER OF INDEX VALUE PIGS DUE TO CHANGE
IN PROPORTION OF GILTS IN DAM LINES
KEPT FOR BREEDING

Change in Production Due to Selecting
.5 or Less Gilts Rather Than .8

Mating Sow Retention ‘ Sow Retention
System@ Rate = .6 ' Rate = .7
D-DY | -7 0

D-HY -152 , -157

H-DY -97 -1

Y-DY -44 | 0

Y-HD ~ -880 -828

Y-HY -50 | 17

4 - Duroc,'H = Hémpshire and Y = Yorkshire.
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TABLE XXI

NUMBER OF INDEX VALUE PIGS PRODUCED FROM THREE MATING SYSTEMS
AT VARIOUS RETENTION RATES FOR PUREBRED SOWS PRODUCING

F] OFFSPRING AND FARROWING TWO OR MORE LITTERS

Gilt Reten- No. of Index No. of Index

Matinga - Selection t1’onb Value Rep. Value Market
System Limit Rate Gilts Pigs Total
D-HY .8 0 5634 78544 84178
.8 .3 5471 78880 84351
.8 .5 5347 79143 - 84490
.8 .6 5282 79289 84571
.8 7 5211 79448 84659
.5 0 5800 78064 - 83864
.5 .3 5591 . 78543 84134
.5 .5 5430 78903 84333
.5 .6 5340 79099 84439
.5 .7 5244 79306 84550
Y-DY .8 0 5079 ‘ 81132 86211
.8 .3 4925 81412 86337
.8 .5 4794 81644 86438
.8 .6 4718 81778 86496
.8 .7 4630 81916 86546
.5 0 5158 80801 85959
.5 .3 4945 81298 86243
.5 .5 4794 81644 86438
.5 .6 4718 81778 86496
.5 .7 4630 81916 86546
Y-DH .8 0 5861 75404 81265
.8 .3 5703 76024 81727
.8 .5 5577 76507 82084
.8 .6 5509 76772 v 82281
.8 .7 5435 77054 82489
.5 0 5887 : 73796 79683
.5 .3 5690 74904 80594
.5 .5 5546 75710 81256
.5 .6 5468 76135 81603
.5 .7 5389 76572 81961

8 = Duroc, H = Hampshire and Y = Yorkshire.

bRetention rate changes were for purebred sows farrowing two or more
litters. Retention rate for commercial sows farrowing two or more lit-
ters is 70 percent.



TABLE XXII

PROPORTION OF PUREBRED GILTS AND BOARS RETAINED
FOR BREEDING AT TWO SELECTION LIMITS
FOR SIX MATING SYSTEMSa

Selection Limit for

Matingb b ~ _Purebred Gilts
System Breed Sex P<.8 P<.5b
Y-DY Y M .500 : .500

Y F .490 .490
D M .500 : .500
D F .447 447
D-HY Y M .073 .049
Y F .800 .500
H M .500 .500
H F .737 .500
D M .500 .500
D - F .447 .447
Y-HY Y M .500 .491
Y F .516 .500
H M .500 .500
H F .449 .500
D-DY D M .500 .500
D F 447 .447
Y M .367 .367
Y F .388 .388
Y-HD - D M 473 .500
D F .800 : .500
H M .090 - .056
H F .800 - 500
Y M .500 .500
Y F .389 .389
H-DY D M .495 .473
D F .447 .447
Y M .054 .047
Y F .800 .500
H M .500 .500
H F .449 .449

Retention rate for purebred sows producing Fy offspring
was 50 percent and for commercial sows was 70 percent.

bD = Duroc, H = Hampshire and Y = Yorkshire.



TABLE XXIII

PROPORTION OF PUREBRED GILTS AND BOARS RETAINED
FOR BREEDING AT TWO SELECTION LIMITS FOR
SIX MATING SYSTEMS AT VARYING
SOW RETENTION RATES?

Selection Limit for

Matingb b Purebred Gilts
System ‘ Breed Sex P<.8 P<.5
Y-DY Y M .500 476

Y F .526 .500
D M .500 .500
D F .447 .500
D-HY Y M .077 .049
Y F .800 .500
H M .500 .500
H F .800 .500
D M .500 .500
D F .447 447
Y-HY Y M .500 .445
Y F - .554 .500
H M 1.500 .500
H F .449 .500
D-DY D M .500 .500
D F 447 .447
Y M .368 .307
Y F 572 .500
~ Y-DH D M .500 .500
D F .800 .500
H M .087 .056
H F .800 .500
Y M .500 .500
Y F .389 .389
H-DY D M .500 .500
' D F .447 447
Y M .053 .046
Y F .800 .500
H M .500 .500
H F .449 .449

was .

3Retention rate for purebred sows producing F offspring

5 and for commercial sows was .6.

bD = Duroc, H = Hampshire and Y = Yorkshire.
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TABLE XXIV

NUMBER OF INDEX VALUE PIGS PRODUCED IN FIVE MATING SYSTEMS
AT FOUR RETENTION RATES FOR COMMERCIAL SOWS

Mating Retention No. Index Value No. Index Value
Systema Rate Rep. Gilts Market Pigs Total
Y-DY 0 6946 77051 83997
.3 6262 78512 84774
.6 5249 80673 85922
.7 4794 81644 86438
D-HY 0 7283 : 74483 81766
.3 6670 75957 82627
.6 5753 78155 , 83908
.7 5347 79143 84490
Y-DH 0 7307 71998 79305
.3 6755 73440 80195
.6 5942 75563 81505
.7 5577 ! 76507 82084
DHY Rot. 0 7596 71691 79287
.3 6811 73239 80050
.6 5720 75392 81112
.7 5257 76311 81568
H-DY 0 6866 72206 79072
.3 6638 73112 79750
.6 5690 75024 80714
.7 5262 75887 81149

4D = puroc, H = Hampshire and Y = Yorkshire.

bRetention rate for purebred sows producing F1 offspring is .5 and
the 1imit of gilts selected is .80 of female offspring.
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TABLE XXV

NUMBER OF INDEX VALUE PIGS PRODUCED FROM THREE MATING SYSTEMS
AT TWO GILT SELECTION LIMITS AND VARYING COMMERCIAL
SOW RETENTION RATES

Matingab Gilt Selec- Commércia] Sow Number of Index
System™ tion Limit "~ Retention Rate Value Pigs

D-HY .8 81373
82225
83577

84178

81108
81962
83226
83864

NOWO NOoOYWwo

'Y-DH .8 78262
79214
80628

81265

76381
77416
78971
79683
Y-DY .8 83670
84509
85685
86211

83204
84036
85356
85959

NOYWO NOYWwo NO WO NOWwo

ARetention rate of purebred sows producing crossbred offspring and
farrowing their second litter is zero.

bD = Duroc, H = Hampshire and Y = Yorkshire.
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