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INTRODUCTION 
The NE Index line (I) is highly prolific as a result of being selected 19 generations for 
increased litter size. Sows of a cross of line I and a commercial maternal line evaluated in the 
NPPC maternal line evaluation project (MLE) had 33 to 55% greater production through four 
parities than other commercial sows (Goodwin and Boyd, 2000). Growth and carcass traits of I 
pigs are below industry standards, and growth especially of progeny in the MLE was poorer 
than that of other crosses. In this study, responses in line I in pure line and crossbred litters and 
the economic returns from 19 generations of selection for litter size are estimated. 
 
MATERIALS AND METHODS 
Population and Data. Line I originated from a reciprocal cross of Large White and Landrace 
in 1979. Selection was initiated after two generations of random mating and before the current 
experiment included 11 generations of selection on an index of ovulation rate and embryo 
survival, three generations of selection on number of fully formed pigs per litter, and two 
generations during which replacements were first selected on number born alive and then on 
birth weight within litter. A randomly mating control (C) was maintained. Responses at 
Generation 14 were 3.0 fully formed pigs and 1.4 live pigs per litter (Johnson et al., 1999). 
Responses to selection were estimated from litters produced during Generations 17 to 19 
including pure line I and C litters and litters produced by crossing I and C females with 
Danbred® USA LLC Landrace (L) boars and the company’s ¾Duroc x ¼Hampshire terminal 
sire (T). I and C gilts were mated naturally to boars of their own line or were inseminated with 
semen of L boars to produce Generation 17 IxI, LxI, CxC, and LxC litters. A random sample of 
sows was retained after weaning their litters and inseminated with semen of T to produce TxI 
and TxC litters at their second parity. Genetic types produced by Generation 18 and 19 gilts 
were IxI, LxI, CxC, LxC, T(LxI), and T(LxC); second parity sows produced TxI, TxC, T(LxI), 
and T(LxC) litters.  
Data were from a total of 850 litters over six seasons, consisting of 224 pure line, 393 2-breed 
cross F1, and 233 three-way cross litters. Farrowing rate (FR) was calculated based on all gilts 
and sows designated for breeding. Number of fully formed pigs (FF), number born alive (BA), 
numbers of stillborn (SB) and mummified piglets (MUM), litter birth weight (LBW), number 
weaned (NW) and litter weaning weight (LWW) were recorded.  
A total of 694 gilts (538 pure line and 156 F1) were retained for breeding and housed in groups 
of 10. Days to 105 kg live weight and 10th rib backfat thickness (BF) and longissimus muscle 
area (LMA) at 88.2 kg were recorded. Another 196 barrows and gilts were individually penned 
for recording of feed intake from 72 d of age to 113 kg live weight. BF and LMA at 113 kg, 
and average daily gain, feed intake, and gain/feed (FE) from 72 d of age (mean weight = 27.2 
kg) to 113 kg were recorded. Percentage carcass lean estimated by Tobec, longissimus pH 24 h 
after slaughter and minolta l* color score on longissimus were recorded in carcasses.  
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Statistical analyses. Farrowing rate was analyzed with a logistic model in SAS (1999) 
including effects of genetic group within season and type of service (AI or natural). Birth-traits 
were analyzed using general linear models with fixed effect of genetic type of litter within 
season subclass. Weaning traits were analyzed with a mixed model to account for effects of 
fostering pigs across genetic groups. Each pig nursed by a sow was assigned the weaning 
weight and number weaned of that litter and data were fitted to a model that included genetic 
makeup of dam and genetic makeup of pig, and weaning age and number after fostering as 
covariates. Dam was fitted as a random effect. Data for group-fed and individually-fed pigs 
were analyzed separately.  Models for gilts included season/genetic group subclass, whereas 
those for barrows and gilts included genetic group within season, sex and their interaction.  
Linear functions of least squares means were used to estimate differences between I and C 
dams for litter traits or I and C pigs for growth and carcass traits, and to estimate interactions of 
this difference with genetic type of dam or pig. Coefficients of 1, 2, and 4 on pure line, F1, and 
3-way cross means, respectively, were used to estimate total genetic differences between I and 
C. Average differences of crossbred pigs and pure line pigs also were estimated. 
 
Economic Response. Biological data were used to calculate expected production for 1,250-
sow farrow-to-finish systems producing 56 litters per week based on either I or C females. 
Each system included 50 pure line I or C sows and 15 I or C boars producing IxI or CxC litters 
and the minimum number of I or C sows inseminated with semen of L boars to produce 
replacement LxI or LxC gilts assuming a 30% annual sow replacement rate. F1 sows were 
inseminated with semen of T boars to produce 3-breed cross pigs [T(LxI) or T(LxC)]. Random 
selection of replacements was assumed. Annual economic returns were calculated based on 
current lean premiums paid by a local slaughter plant and industry average costs of production. 
 
RESULTS  
Farrowing rate was 90.8% and lines I and C did not differ (P = 0.26). Farrowing rate was 
10.6% greater (P = 0.05) for pure line females mated pure than for those mated AI to L boars. 
The advantage for F1 females mated AI over pure line females mated AI was 8.6 % (P = 0.08). 
Table 1 contains estimates of genetic effects for litter traits. I sows had more total pigs and 
more live pigs, but also more mummified and stillborn pigs, than C sows. An interaction of line 
difference with genetic type of litter existed. Total number per litter for I females with I litters 
was 4.18 ± 0.39 more than for C sows with C litters compared with a difference of 2.75 ± 0.30 
pigs when sows had F1 litters. Crossbred pigs weighed more at birth than pure line pigs. 
Uterine capacity in I sows may have limited total weight of developing pigs and reduced 
number at birth in F1 litters. Crossbred sows had greater production than purebred sows. 
Responses in LWW and NW estimate differences as if sows nursed the same number of 
genetically equal pigs. A negative response in LWW due to lighter weight pigs occurred in line 
I as weights of their litters were -1.88 ± 0.73 kg less than for C sows with only a small 
difference in NW. Interactions with genetic type of litter occurred as a larger negative response 
was observed when estimated in dams with crossbred litters, probably because crossbred pigs 
had a greater demand for milk, and I sows were not able to meet this need. 
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Table 1. Estimates of genetic effects for traitsA measured at birth and weaning 
 

EstimateB FF BA MUM LBW (kg) LWW (kg) NW 
I–C 3.53** 2.53** 0.22** 2.14** -1.88** -0.26 
RP – F1 -1.21**    5.68** 1.80** 
(I–C)P 4.18**    -0.28 0.32** 
(I–C)F1 2.75**    -2.14** -0.56** 
F1–P -0.83** -0.52 -0.05 0.49 5.55** 0.25* 
T–F1 1.71** 1.51** -0.03 3.47**   
AFF, BA, MUM, and NW = number of pigs fully formed, born alive, mummified, and weaned, 
and LBW and LWW = litter birth and weaning weight, respectively. 
BI – C = genetic difference between I and C;  RP – F1 = the interaction of I-C in pure line dams 
with pure line litters vs. pure line dams with F1 litters; (I–C)p  = I-C in pure line dams with pure 
line litters;  (I–C)F1 = I-C in pure line dams with F1 litters; F1–P = pure line dams with F1 litters 
minus pure line dams with pure line litters; and T–F1 = F1 dams with 3-breed cross litters minus 
pure line dams with F1 litters. 
* P < 0.05, ** P < 0.01. 

 
Table 2 contains genetic estimates for growth and carcass traits. Correlated responses in Line I 
were generally small and not significant, indicating low genetic correlations between ovulation 
rate and litter size with growth and carcass traits. Lines also did not differ (P > 0.25) in pH or 
minolta l* scores. The combination of mating Lines I and C with genetically improved lines 
and heterosis in crossbred pigs significantly improved growth and carcass lean as differences 
between 2-breed and 3-breed crosses were very large for all traits except pH and color score. 
 
Table 2. Estimates of genetic effects for growth and carcass traitsA 

 
Pen-fed gilts Individually-penned pigs  

EstimateB BF (cm) LMA 
(cm2) 

Days to 105 kg ADG 
(kg) 

FE 
(kg/kg) 

BF (cm) LMA 
(cm2) 

% Lean 

I–C -0.007 -1.58** 3.52 0.04 -0.006 0.25 -1.00 -0.40 
RP–F1 0.26** -2.74**       
(I–C)P -0.12** -0.21       
(I–C)F1 0.08 -1.48**       
F1–P -0.34** 4.29** -31.32** 0.19** 0.045* -0.82* 5.22** 5.52**
T–F1L    0.01 0.012* -0.15 1.04 1.39 
T– F1T    0.03 0.008 -0.06 2.96** 0.08 
ABF = 10th rib backfat, LMA = 10th rib longissimus area, ADG and FE = avg daily gain and 
gain/feed from 72 d to 113 kg, respectively, and % lean = % carcass lean estimated by TOBEC. 
BI – C = genetic difference between I and C; RP–F1 tests the interaction of I-C in pure line pigs 
vs. F1 pigs; (I–C)P  = I-C in pure line pigs; (I–C)F1 = I-C in F1 pigs; F1–P = F1 minus  pure line 
pigs, T–F1L = 3-breed cross minus F1L pigs; and T–F1T  = 3-breed cross minus F1T pigs. 
* P < 0.05, ** P < 0.01. 
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Table 3 contains estimates of costs and revenue for 1,250-sow herds based on either I or C 
sows. The I enterprise produced 4,251 pigs more than the C enterprise from the same number 
of breeding females. Net return per pig marketed was -$18.49 for pure line pigs, $1.74 for F1 
pigs, and $22.14 for 3-breed cross pigs.  
A total of 4,251 pigs more were marketed in the I enterprise than the C enterprise. Net return 
was $333,251 for C and $580,341 for I, a 6% higher rate of return on investment. Responses 
were estimated at Generations 17, 18, and 19. On average 18 generations of selection for 
increased litter size in Line I resulted in an increase to the enterprise of $7.33 net return per pig 
marketed, or an increase of $0.41 per pig per litter per generation.  
 
Table 3. Expense and Income ($) for I and C enterprises for a 1,250 sow breeding herd 
 

C enterprise I enterprise  
CxC LxC T(LxC) IxI LxI T(LxI) 

Net Revenue 100.80 123.50 122.98 103.85 121.00 125.87 
Variable Costs 94.17 96.36 75.48 92.52 89.72 74.15 
Fixed Costs 28.96 28.96 28.96 25.98 25.98 25.98 
Return/Per Pig -22.33 -1.82 18.54 -14.65 5.30 25.74 
Pigs Marketed 733 524 18,909 909 564 22,944 
Total Return -16,367.89 -953.68 350,572.86 -13,313.47 2,991.30 590,663.91 
Rate of Return 12% 18% 

 
CONCLUSION 
Litter size is heritable and responds to selection. Correlated responses in litter birth weight 
were positive, but response in litter weaning weight was negative due to decreased individual 
pig weights. Interactions of selection responses in litter traits with pure breeding and 
crossbreeding existed. Responses in numbers born per litter were greater in pure line dams 
mated pure than in pure line dams with F1 litters. Selection for litter size resulted in increased 
incidence of stillborn pigs and mummified pigs, however incidence of these events was 
reduced with crossing. Sow productivity at birth and weaning was improved with crossing. 
Correlated responses in growth and carcass traits were small and generally not significant. The 
net effect of 18 generations of selection for increased litter size was an increase in net return of 
$7.33 per pig marketed.  
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