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INTRODUCTION 
Crossbreeding of different dairy breeds has been practiced in Australia for quite some time. 
When crossbreeding is used, it could be expected that non-additive as well as additive effects 
will be important. Non-additive effects are not routinely considered in genetic evaluations, 
however they could impact on estimates of breeding values.  If we knew the magnitude and 
significance of non-additive effects, we could determine whether they should be included as a 
integral part of the model for prediction of breeding values.   
 
The Australian Dairy Herd Improvement Scheme (ADHIS) currently estimates breeding values 
for milk production traits using a single trait animal model. Heterosis is the only non-additive 
genetic effect included in this model. However, there is some evidence in the literature that 
other non-additive effects such as recombination loss may also be important (Wolf et al., 2005; 
Wall et al., 2005; Harris and Winkelman, 2004; Jakobsen et al., 2002).  
 
Additive and non-additive genetic effects for Australian dairy cattle for some production traits 
were estimated by Madgwick and Goddard (1989). They estimated breed additive, maternal 
additive, heterosis and epistasis effects by least squares for first and second lactation records of 
milk and fat yield. However Madgwick and Goddard (1989) did not estimate non-additive 
effects for protein yield and somatic cell scores.  In addition, in the 15 years since their 
estimates were made, the population has undergone substantial changes in genetic composition. 
The aim of this paper is to present for the first time estimates of additive and non-additive 
genetic effects for production traits and somatic cell scores for the first three lactations 
calculated from large field data sets using mixed models. 
 
MATERIAL AND METHODS 
Data sets. For estimation of the crossbreeding parameters two data sets were used. The first 
data set contained 344,674 records on 305-day lactation for milk, fat, protein yield and somatic 
cell scores extracted from the ADHIS database between 1974 and 2005. The second data set 
contained 1,177,000 test day records also between 1974 and 2005. Cows in the two data sets 
belonged to one of the following breeds: Holstein-Friesian (H), Jersey (J) and Red (R). A cow 
was considered as Red breed if it belonged to any of Illawarra, Ayrshire, Australian Red or 
Dairy Shorthorn. For each cow, the proportion of the three breeds had to be known and sum to 
unity.   
 
The number of records and production averages are presented in table 1.    
 
Statistical analyses. Variance components, breeding values and crossbreeding parameters 
were analysed using restricted maximum likelihood (REML) methodology applied to series of 
single trait mixed models. The traits analysed were: 305 milk yield (M305), test-day milk yield 
(MTD), 305 fat yield (F305), test-day fat yield (FTD), 305 protein yield (P305), test-day 
protein yield (PTD), 305 average somatic cell score (SCS305) and test-day somatic cell score 
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(SCSTD). Somatic cell scores (SCS) were calculated as the natural logarithm of the somatic 
cell count per millilitre. The model for 305-day lactation records was: 
 
y = Xβ + Wθ + Zu + e              (1) 
 
where: y is a vector containing the 305-day lactation trait (M305, F305, P305 and SCS305); β 
is a vector containing the fixed herd-year-season effect and age at calving effect. Two seasons 
were created January-June and July-December. The age at calving was calculated in months 
and distributed into 16 to 22 different subclasses; θ was a vector containing crossbreeding 
parameters including direct additive, maternal additive, heterosis and recombination loss; u 
was a vector of random sire effects with zero mean and variance = A 2

uσ with A being the 
numerator relationship matrix based on sire-maternal grand sire; e was a vector containing 
random residual effects with zero means and variance = I 2

eσ where I is an identity matrix. 
Matrices X and Z were design matrices. 
 
The test-day records were modelled as follows: 
 
y = Xβ + Wθ + Z1u + Z2p + e    (2) 
 
where: y was a vector containing test-day trait (MTD, FTD, PTD and SCSTD); β was vector 
containing the fixed herd-year-test-day effect; age at calving effect in days as a quadratic 
polynomial and Legendre polynomial of order 5 on days in milk; θ contained the same effects 
as in model (1); u was the same as in model (1); p was a vector containing permanent 
environmental effects with zero means and variance = I 2

pσ ; e was vector containing random 

residual effects with zero means and variance = I 2
eσ . Matrices X, Z1 and Z2 were the usual 

design matrices. 
The matrix W in both models contained crossbreeding coefficients. For each animal heterosis 
coefficients can be calculated as d

i
s
j

d
j
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recombination effect was calculated as d
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proportion of breed "i" in the sire and dam of the cow. The model of Dickerson (1969; 1973) 
was used in all calculations. In both models the crossbreeding effects were calculated as 
regression coefficients. In the models used, the additive and maternal additive effects for 
Holstein-Friesian cattle were set to zero. The additive effects for the other two breeds were 
expressed as deviations from the Holstein-Friesian breed. All calculations were carried out 
using the ASREML program (Gilmour et al., 2002). 
 
RESULTS AND DISCUSSION 
Estimates of crossbreeding parameters for yield traits and somatic cell scores are shown in 
tables 2 and 3. The additive genetic effect for milk yield was -1300 to -1750 litres per 305-day 
lactation and -4.2 to -5.1 litres per day for Jersey. Slightly higher genetic effects were observed 
for Red breeds. The maternal effects were positive for both breeds and statistically significant 
in most cases. Similar results were obtained in earlier studies (Madgwick and Goddard, 1989). 
Positive and significant heterotic effects were observed. Expressed as a percentage of the 
population mean, the heterosis effects were between 1 and 6%. Lower heterotic effect was 
observed in crosses between Holstein and Red breeds. These results are in good agreement 
with the New Zealand results of Ahlborn-Breier and Hohenboken (1991). Recombination loss 
was non-significant in all cases. 
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The results for fat and protein yield were very similar to the results for milk yield. Jerseys and 
Red breeds showed lower fat and protein yield compared to Holsteins. In contrast to milk yield 
however, Jersey had slightly higher additive effect compared to that of the Red breeds. The 
maternal effect was positive and higher for red breeds. The heterosis effect was positive and 
significant and varied between 2 and 8%. Wolf et al. (2005) also reported similar figures. 
Again the recombination loss was insignificant. 
 
A positive (unfavourable) additive effect for somatic cell score was observed for Jersey and 
negative for Red breeds. The maternal effect was negative and significant for Jersey only. A 
negative heterotic effect was found in crosses between Holstein and Jersey. Expressed as a 
percentage of the parental mean it was around 4%. No evidence was found for significant 
recombination loss. 
 
The results for second and third lactation (not shown) were very similar to those obtained for 
first lactation. 
 
The additive breed effects for yield traits estimated in this study were in agreement with 
estimates obtained in several crossbreeding experiments and population analyses (Ahlborn-
Breier and Hohenboken, 1991; Robinson et al., 1981; Pedersen and Christensen, 1989; Wolf et 
al., 2005).  
 
Estimated positive additive effects for SCS for Jersey confirmed the results from other studies 
(Van Raden and Sanders, 2003). Red breeds had lower SCS than Holstein. 
 
Published estimates for maternal effect in yield traits for Holstein are not consistent. Robinson 
et al. (1981) reported positive estimates of maternal effects in milk yield for Holstein. In 
contrast other studies (Ahlborn-Breier and Hohenboken, 1991; Wolf et al., 2005) reported 
negative estimates. Our estimates for Jersey and red breeds were positive meaning that 
daughters of these two breeds performed better as opposed to daughters of Holstein dams. It 
should be pointed out that our estimates of the maternal effects could be biased due to non-
random mating.  
 
Numerous studies presented evidence for a heterosis effect for yield traits in dairy cattle 
(Ahlborn-Breier and Hohenboken, 1991; Wolf et al., 2005; Van Raden and Sanders, 2003; 
Robinson et al., 1981;  Pedersen and Christensen, 1989; Demeke et al., 2004; Wall et al., 
2005). Expressed as a percentage of the parental mean the estimated values ranged from 2 to 
8%. Our estimates were near to the higher end of this range for crosses involving Jersey and 
near to the lower end of the range for crosses involving Red breeds. Significant heterosis effect 
was found for SCS. Expressed as a percentage from the parental mean it was about 4% and 
similar to that reported by Van Raden and Sanders (2003). The slightly higher heterosis for fat 
and protein in crosses involving Jersey indicates more concentrated milk in crossbred animals. 
This could raise the SCS as a correlated response. 
 
Some of the estimates of recombination effects were positive (gains instead of losses). A 
similar picture was observed by Van Raden and Sanders (2003). A wide range of 
recombination effects can be found in the literature but generally negative and smaller than 
heterosis (Wolf et al., 2005; Pedersen and Christensen, 1989; Demeke et al., 2004). The 
estimated recombination effects for all traits studied were not significantly different from zero. 
These results suggest that if F1 crosses are superior to Holstein, then backcrosses to Holstein 
will also be superior. 
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Table 1. Number of records and phenotypic means for all traits 
 
Trait 305 day lactation Test-day records 
 1st lactation 2nd lactation 3rd lactation 1st lactation 2nd lactation 3rd lactation 
 Number of records Number of test-days 
Milk yield 344,643 258,719 108,502 1,165,894 1,168,907 1,135,241 
Fat yield 344,674 227,063 149,904 1,165,822 1,168,830 1,135,175 
Protein yield 344,674 227,063 149,904 1,165,826 1,168,831 1,135,176 
Somatic cell 
score 

344,674 227,063 149,904 1,161,708 1,164,214 1,131,181 

Means and standard deviations 
Milk yield 4,962±1,412 5,586±1,707 6,008±1,789 16.79±5.84 19.37±7.22 21.24±8.00 
Fat yield 202±50 231±61 250±65 0.70±0.20 0.81±0.24 0.89±0.28 
Protein yield 163±45 188.30±54 202±56 0.56±0.18 0.66±0.21 0.72±0.24 
SCS 3.96±0.78 4.13±0.90 4.40±0.95 3.92±0.98 4.10±1.10 4.39±1.12 
 
Table 2. Estimates of crossbreeding effects in first lactation for all traits (305-day model) 
 
Type of effect Breed combination M305 F305 P305 SCS305 
Mean  4777±15 194±5.6 154±4.6 3.96±0.03 
Additive Holstein (H) 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 
 Jersey (J) -1345±55 -20.2±2.1 -27.1±1.6 0.09±0.03 
 Red breeds (R) -883±56 -31.1±2.1 -22.5±1.7 -0.14.1±0.04 
Maternal additive J 159±29 3.0±1.1 3.1±0.8 -0.06±0.02 
 R 229±35 10.2±1.4 6.4±1.1 -0.00±0.03A 
Heterosis H x J 288±7 15.4±0.3 10.8±0.2 -0.04±0.01 
 H x R 93±16 5.0±0.7 3.2±0.5 0.01±0.01A 
 J x R 248±32 14.3±1.3 8.7±1.1 0.01±0.02A 
Recombination loss H x J 77±46A 2.5±1.9A 2.1±1.9A 0.02±0.02A 
 H x R -45±70A -4.1±3.8A -1.4±2.2A -0.06±0.06A 
 J x R -16±17A -5.2±4.7A -2.3±3.7A 0.09±0.1A 
ANon significant effect 
 
Table 3. Estimates of crossbreeding effects in first lactation for all traits (test-day model) 
 
Type of effect Breed combination MTD FTD PTD SCSTD 
Mean  17±0.8 0.7±0.0 0.5±0.0 3.86±0.04 
Additive Holstein (H) 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 
 Jersey (J) -4.2±0.2 -0.05±0.0 -0.08±0.0 0.11±0.04 
 Red breeds (R) -2.6±0.2 -0.07±0.0 -0.06±0.0 -0.10±0.04 
Maternal additive J 0.3±0.1 0.0±0.0A 0.01±0.0 -0.07±0.02 
 R 0.6±0.1 0.02±0.0 0.01±0.0 0.02±0.03A 
Heterosis H x J 0.9±0.0 0.05±0.0 0.03±0.0 -0.04±0.01 
 H x R 0.3±0.1 0.02±0.0 0.01±0.0 0.00±0.01A 
 J x R 0.8±0.1 0.04±0.0 0.03±0.0 0.02±0.03A 
Recombination loss H x J 0.3±0.2A 0.0±0.0A 0.01±0.01A 0.04±0.03A 
 H x R -0.2±0.2A -0.01±0.01A -0.00±0.01A -0.02±0.07A 
 J x R 0.3±0.4A -0.00±0.01A 0.00±0.01A 0.10±0.12A 
ANon significant effect 
 
CONCLUSION 
The results from this study clearly show that besides the additive breed effects significant non-
additive (heterosis) effects on yield traits and SCS do exist. However, no evidence was found 
for significant recombination effects. These finding suggest that only heterosis and possibly 
maternal effects should be taken into account in future models for breeding value estimation to 
ensure correct ranking of bulls for purebred and crossbred matings.  
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