
Combined On-Farm And Test-Station 
Evaluation Of Pigs

M.-L. Sevón-Aimonen* and P. Uimari*

Introduction
Pig breeding program in Finland is based on centralized station testing and on-farm testing. 
Selection  target  of  the  both  settings  is  the  same:  good  growth  rate  with  efficient  feed 
conversion  rate combined with a high quality of carcass. As a result of this breeding goal 
Finnish Yorkshire and Landrace are very lean and has good feed conversion rate. Usually on-
farm tests are less reliable than station tests due to larger environmental variation in on-farm 
settings  compared  to  test  station  setting  (Bidanel  and  Ducos  (1996)).  Also,  some 
economically important traits, such as feed conversion rate, are difficult to measure on-farm. 
Furthermore,  a  significant  genotype-environment  interaction  has  been  found  in  some 
breeding  programs  that  can  reduce  efficiency  of  the  breeding  scheme  if  the  testing 
environment  differs  largely  from  the  commercial  pork  production  environment  (Merks 
(1989)). The purpose of this work was to find suitable models for the test-station and on-farm 
measured production and carcass traits to be jointly used in the national breeding program in 
Finland. More specifically, heritabilities and genetic correlations were estimated for the traits 
and the model validity was tested using a simple regression of progeny yield deviations on 
estimated  breeding  values  of  sires  (breeding  values  were  estimated  without  progeny 
information).

Material and methods
Data  set. The  data  were  obtained  from the  Finnish Animal  Breeding Association  (Faba 
Breeding). On-farm data were available from years 2004 – 2009 and test-station data from 
years 2006 – 2009. The data included totally 16450 animals with records and additional 9020 
animals were included in the pedigree file. There were 67 test group senders in the data. They 
all had the highest health status classification (Sikava, www.sikava.fi). The on farm records 
were  collected  from  21  nucleus  farms.  Finnish  Landrace  and  Finnish  Yorkshire,  were 
analyzed together. Pigs were reared at 98 departments using the all in - all out -practice.  The 
test started five days after arriving and lasted for 13 weeks. After the test all other than the 
best  boars  were slaughtered.  In  the test  station,  pigs  were fed freely using an electronic 
feeding system. There were 10 to 12 pigs sharing the same automat. Feed consumption was 
measured individually. Six trait were analyzed: average daily gain before the test (ADG1, 
which contains both the suckling period and the one month period  before the test),  feed 
conversion rate during the test (FCR), average daily gain in the test station (ADG2), lean 
meat percentage (M-%) calculated from a partly dissected carcass, weight in the on-farm test 
(TW), and the back fat thickness (BF) of the live animal using a ultrasound device. 
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Table 1: Number of records (n) and basic statistic of the studied traits
Trait n Mean SD Min Max
Average daily gain before test (ADG1, g/d) 6516 370.42 41.67 247 598
Feed conversion rate (FCR, FU/kg live weight) 6366 2.57 0.23 1.74 4.14
Average daily gain in test-station (ADG2, g/d) 6516 931.14 115.08 585 1394
Weight in on-farm test (TW, kg) 10457 104.68 14.42 60 194
Back fat thickness (BF, mm) 12637 7.82 1.57 4.00 19.67
Lean meat % (M-%) 5540 63.5 2.53 52.1 75.6

Table 2: Phenotypic variances (σ²p ), proportions of the permanent litter effect on the 
total variance (c² ± s.e) and heritabilities (h² ± s.e) of the studied traits
Trait σ²p c² ± s.e h² ± s.e
Average daily gain before test (ADG1, g/d) 857.6 0.44 ± 0.03 0.31 ± 0.05
Feed conversion rate (FCR, FU/kg live weight) 0.037 NA 0.47 ± 0.04 
Average daily gain in test-station (ADG2, g/d) 11905 NA 0.54 ± 0.03
Weight in on-farm test (TW, kg) 115.2 NA 0.46 ± 0.03 
Back fat thickness (BF, mm) 1.18 NA 0.38 ± 0.02
Lean meat % (M-%) 4.7 NA 0.45 ± 0.04 
NA: not available

The number of observations and the basic statistics of the studied traits are given in Table 1. 

Statistical methods. Variance components and genetic correlations (rg) were estimated using 
the REML method in the DMU (Jensen and Madsen (2000)) and breeding values using the 
multi trait animal model in the MiX99 program package (Vuori et al. (2006)).  

Statistical models. Statistical model for the average daily gain before test (ADG1) was:

Yijklmn = μ + breedj + lnj + fyk + sexl + lm + an + eijklmn,

where Yijklmn is the observation, breedi  is the fixed breed effect, lnj is the fixed effect of litter 
number, fyk is the fixed effect of  farm-year, sexl is the fixed effect of sex, lm is the permanent 
effect of litter , an is the additive genetic effect of the animal, and eijklm, is the residual term. 
The model for the feed conversion rate (FCR) and for the average daily gain in test-station 
(ADG2) was:

Yijkl = μ + breedi + batchj + sexk + b*wl + al + eijkl,

where batchj is the fixed rearing batch effect, and b is the regression coefficient for the weight 
at the beginning of the test (wl). For the lean meat % (M-%) the model was the same except 
that the weight at the end of the test was used as a covariate. For the back fat thickness (BF) 
the model was:

   



Table 3: Genetic (rg) (upper triangular) and phenotypic (lower triangular) correlations 
between the studied traits
Trait ADG1 FC ADG2 TW BF M-%
ADG1 0.11±0.09 0.24±0.08 0.75±0.07 0.15±0.09 -0.18±0.09
FCR 0.02 -0.24±0.06 0.03±0.07 0.12±0.07 -0.47±0.06
ADG2 0.11 -0.44 0.61±0.05 0.33±0.06 -0.21±0.06
TW 0.46 -0.06 0.72 0.43±0.06 -0.28±0.06
BF 0.11 0.11 0.32 0.41 -0.55±0.06
M-% -0.04 -0.33 -0.14 -0.22 -0.39  

Yijklm = μ + fyi + breedj + sexk + wcl + am + eijklm,

where wcl is the fixed weight class effect. Variation for weight was large and unlinear and it 
was easier to handle as a fixed effect than as a covariate. Finally for the weight in on-farm 
test (TW) the model was: 

Yijkl = μ + fyi + breedj + sexk + b*agel + al + eijkl,

where age (agel) at the test is a covariate. The litter, animal and residual effects were assumed 
random with zero means and variances A*G, I*L, and I*R, where I is the identity matrix; A 
is the additive genetic relationship matrix among the animals; and  G,  L and  R denote the 
variance-covariance  matrices  of  the studied  traits  for  additive genetic,  litter  and  residual 
effects, respectively.  

Similarly to a method presented by Boichard et al. (1995) the applied models were validated 
using a simple linear regression: PYDi = b0 + b1EBVi + ei, where PYDi is the progeny yield 
deviation of sire i and EBVi is the estimated breeding value and of the same sire i excluding 
the progeny information. The intercept (b0) of the regression model indicates the potential 
bias of the model.

Results and discussion
Estimated heritabilities  and litter effects are presented in Table 2. Ratio of the permanent 
litter effect on the total variance for ADG1 was high (0.44).  The highest heritability was 
observed for the  average daily gain in test-station (h²=0.54) and the lowest for the  average 
daily gain before test (h²=0.31). There was a strong favourable genetic correlation between 
the weight in on-farm test (TW) and the average daily gain before test (rg=0.75) and between 
TW and the  average daily gain in  test-station (rg=0.61) (Table 3). The explanation for the 
somewhat low correlations between TW and ADG2 could be that TW includes growth from 
birth to testing while ADG2 includes only growth at test station. Genetic correlations between 
the  lean  meat  %  in  station  and  the  back  fat  thickness  measured  on-farm and  the  feed 
conversion rate were favourable (rg= -0.55 and rg= -0.37, respectively).

   



Table 4: Regression coefficients (b0 and b1) from the linear regression of PYD on EBVs 
(without progeny information) and corresponding reliabilities (r2) 
Trait b0 b1 r2

Average daily gain before test (ADG1, g/d) -0.32 0.65 0.36
Feed conversion rate (FCR, FU/kg live weight) 0.01 0.36 0.06
Average daily gain in test-station (ADG2, g/d) -5.59 0.71 0.29
Weight in on-farm test (TW, kg) -0.17 0.58 0.17
Back fat thickness (BF, mm) 0.03 0.67 0.25
Lean meat % (M-%) 0 0.81 0.36

Because the estimated intercept of the linear regression of  the progeny yield deviations on 
estimated breeding values (estimated without progeny information) was close to zero for all 
studied traits (Table 4), no evidence of bias in estimated breeding values is expected. The 
largest difference was observed for ADG2, but taking into account the larger variance and 
mean of ADG2 compared to other traits, the bias is not clearly higher than for the other traits. 
Reliability of the models varied from 0.06 to 0.36 (Table 4). The lowest values were obtained 
for FCR (0.06) and the second lowest for TW (0.17). Reason for a low reliability of FCR is 
probably due to short time period this trait has been recorded. Large environmental variance 
and a practice of culling some animals before the test could explain the low reliability of TW. 

Conclusion
The  purpose  of  this  work  was  to  find  suitable  models  for  the  national  breeding  value 
evaluation of pigs combining both the test-station and on-farm measured traits. Heritabilities 
of the studied production and carcass traits were moderate and genetic correlation between 
the traits favorable. The heritabilities and correlations presented in this article will be used in 
the national multi-trait evaluation and estimated breeding values will be provided for active 
breeders, who both send their animals to the test station and actively test their young breeding 
animals on-farm. Based on the estimated high favourable correlation between the growth and 
carcass  quality  traits  measured  either  on-farm  or  in  test-station  setting  genotype  by 
environment interaction is weak for the studied traits and selection based on the combined 
traits benefits commercial pork producers.
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