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ABSTRACT: This study undertook an analysis of the test 
day records of grazing cows milked once a day (OAD) for 
their entire lactation, and assessed if a dedicated breeding 
program targeting OAD herds could help improve their 
performance. A cost-benefit analysis of alternative breeding 
schemes to identify bulls suitable to breed high-performing 
daughters under OAD was also undertaken.	  Regression of a 
calculated OAD economic index on the existing breeding 
worth index (assumes twice-a-day milking) demonstrated 
that only 60-70% of the value of genetic gain would be 
realized in OAD herds if mainstream industry sires were 
used. A breeding scheme for OAD that utilizes genomic 
information would be more beneficial as it provided higher 
rates of genetic progress and greatest net returns, while 
maintaining relatively low costs of implementation. 
Keywords: dairy cattle; once-a-day milking; breeding 
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Introduction 
 

Once-a-day (OAD) milking is used in pasture-
based systems in times of feed shortage and/or late in 
lactation as a management tool to reduce labor and improve 
cow energy status while keeping the herd lactating (Clark et 
al., 2006). Another strategy utilizes whole-season OAD 
milking, where the reduced milking frequency is used for 
the entire lactation. This approach creates a 
transformational shift in herd management, labor 
requirements, and the lifestyle and work schedule of the 
farmer and staff. There are, however, a number of 
challenges faced by whole-season OAD farmers including 
higher somatic cell scores (SCS), lower milk production, 
and, possibly, shorter lactations. Furthermore, there are 
notable differences among breeds, and among cows within 
a herd, in their ability to perform successfully in a whole-
season OAD system (Clark et al., 2006). 

 
This between-cow variation indicates that a 

breeding program specifically targeting OAD herds could 
help improve their performance. Therefore, different 
selection strategies to breed for OAD milking were 
investigated to make recommendations to the New Zealand 
(NZ) dairy industry on the best strategy for achieving OAD 
genetic improvement. 

 
To assess the merit of a breeding program 

targeting OAD milking herds, it is necessary to quantify 
how an OAD specific genetic evaluation system might rank 

sires relative to their ranking based on the current national 
genetic evaluation system, which assumes cows are milked 
twice a day (TAD). The correlations between estimated 
breeding values (EBV) from OAD and national genetic 
evaluations were used as an indication of the benefit of 
creating a separate breeding program for OAD milking. 

 
Materials and Methods 

 
Data. Animal records from the NZ Dairy Core 

Database (supplied by LIC, Hamilton, NZ) were filtered on 
sample regime code to determine if each cow was milked 
OAD or TAD on a given test day. Records were available 
for five seasons from 2007 to 2011. Data from herds with at 
least 90% of test day records with the sample regime code 
indicating OAD milking were used in this study. It was 
estimated that between 2 and 5% of cows in NZ are 
currently in whole-season OAD production systems with 
herd testing. Three main breeds were represented in the 
data: Holstein-Friesians (15%), Jerseys (35%), and 
Holstein-Friesian x Jersey crosses (Crossbred; 50%). 

 
Genetic evaluation. Genetic analysis was carried 

out using ASReml software (Gilmour et al., 2009). A single 
trait multiple lactation (lactations 1-3) test day model with 
heterogeneous residual variance was used for variance 
component and breeding values estimation for 5 traits: 
milk, fat and protein yields, fat to protein ratio, and SCS. 
All traits were analyzed using the same model, which 
corresponded to the model used in the national genetic 
evaluation system in NZ (Harris et al., 2007): 

 
y = HTD + Age + HFFR + HFNZ + HETJE    

+ HETJExFR + HETNZxFR + RECJExNZ  
           + RECJExFR + RECNZxFR + ∑Φt(d) + ∑Φt(d)a  

+ ∑Φt(d)p + e 
 

where, y was the test day record, HTD was the fixed effect 
of herd test date, Age was the fixed linear regression of age 
at calving nested within breed, HFNZ and HFFR were fixed 
linear regressions of NZ and foreign Holstein-Friesian 
breed composition, HET and REC were fixed linear 
regressions of breed specific heterosis and recombination 
effects, Φt(d) was a covariate of the 3rd order Legendre 
polynomials evaluated at days in milk 3 to 270, a were a 
random regression coefficients of the additive genetic 
animal effect, p were a random regression coefficients of 
permanent environmental effect, and e was a residual effect. 



Heterosis and recombination were calculated for specific 
breed combinations (Dickerson, 1973). 
 

Breeding schemes. A cost-benefit analysis of 
breeding schemes to identify bulls suitable to breed high-
performing daughters (N=200,000) under OAD milking 
was undertaken. Schemes were considered in terms of the 
benefits they could add over and above the benefits that 
OAD farmers already receive through genetic progress in 
the current national breeding objective.  

 
A two-stage selection approach assumed that bulls 

previously progeny tested in TAD sire proving scheme 
(SPS) herds were subsequently tested in dedicated OAD 
herds. In the joint selection approach, young bulls were 
simultaneously progeny tested in TAD SPS herds and 
dedicated OAD herds, whereas divergent selection 
approaches used a separate OAD genetic evaluation system. 
Genomic selection scenarios were used in isolation or in 
combination with progeny testing in dedicated OAD herds. 

 
Results and Discussion 

 
There were considerable differences in phenotypic 

performance between OAD and TAD milked cows, 
consistent with experimental data (Clark et al., 2006). 
These differences became smaller in subsequent lactations 
for all traits and breeds, possibly because cows that did not 
adapt well to OAD milking in their first lactation were 
culled or moved to TAD milking. In addition, smaller 
differences in milk production were previously reported for 
mature Holstein-Friesians (≥ 4 yr) compared with 2- and 3-
yr olds (Clark et al., 2006). There was also a greater 
difference in performance between TAD and OAD milking 
for Holstein-Friesians compared with Crossbreds and 
Jerseys. On average, cows milked OAD produced more 
concentrated milk than cows milked TAD, and the OAD fat 
and protein percentages for all breeds exceeded national 
average values (DairyNZ, 2012).	   The average OAD SCS 
was higher for lactation 1 than for lactations 2-3 for all 
breeds, which may indicate that cows with high SCS during 
first lactation were removed.  

 
The estimates of average daily heritabilities for 

milk, fat and protein yields, fat to protein ratio, and SCS are 
presented in Figure 1. Heterogeneous residual variances 
were fitted in 10-d blocks, which are reflected in the shape 
of the heritability curves. Heritabilities for milk and fat 
yield tended to be lower at the beginning and greater at the 
end of lactation, whereas estimates for protein yield and 
SCS were more stable across lactation. Heritability of fat to 
protein ratio was considerably lower at peak lactation. 

 

 
Figure 1. Average daily heritabilities of milk, protein 
and fat yield, fat to protein (F:P) ratio, and somatic cell 
score (SCS). 

 
 
There were 154 bulls with at least 33 daughters in 

the OAD data set. Correlations between official EBVs 
(provided by NZ Animal Evaluation Unit, Hamilton, NZ) 
for those bulls and their calculated EBVs from OAD 
genetic evaluation are presented in Table 1. In general, the 
correlations were greater for Jerseys relative to Holstein-
Friesians and Crossbreds, indicating that, when official 
EBVs are used to select OAD cows, a greater response can 
be expected for Jerseys. It can be also interpreted that 
Jerseys are more adaptable to OAD milking. 

 
Table 1. Correlations between official estimated 
breeding values for milk traits for bulls and those from 
once-a-day genetic evaluation. SCS = somatic cell score. 
 Jersey 

(N=58) 
Crossbred 

(N=38) 
Holstein-Friesian 

(N=58) 
Milk 0.85 0.67 0.68 
Fat 0.74 0.65 0.74 
Protein 0.74 0.47 0.60 
SCS 0.65 0.64 0.64 

 
 
Estimated breeding values obtained in this analysis 

for milk, fat and protein yields, and SCS were used to 
calculate an OAD economic index, which was then 
compared with BW; the official selection index used in the 
NZ dairy industry. Relationships between OAD economic 
index and BW and individual trait EBVs are presented in 
Table 2. Correlations between BW and OAD economic 
index indicate that significant re-ranking of bulls can be 
expected across breeds when genetic evaluation is 
performed on OAD data compared with national 
evaluations. Among the top 10 bulls (out of 154) ranked 
based on OAD economic index, 8 were Jerseys, one 
Holstein-Friesian and one Crossbred. The regression values 

0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

3 53 103 153 203 253 

H
er

ita
bi

lit
y 

Days in milk 
Milk Protein Fat 
F:P Ratio SCS 



of OAD economic index on BW indicate that BW is a 
better prediction of OAD performance for Jerseys and 
Holstein-Friesians than for Crossbreds. Using regression 
values averaged across breeds, we predict that every $1 
increase in the national BW index results in $0.71 worth of 
value for an OAD herd. 

 
Table 2. Correlations between once-a-day (OAD) 
economic index (EI) and breeding worth (BW) or 
estimated breeding values for milk traits, and regression 
of OAD EI on BW. SCS = somatic cell score. 
 Jersey 

(N=58) 
Crossbred 

(N=38) 

Holstein-
Friesian 
(N=58) 

OAD EI-BW  0.56  0.27  0.59 
OAD EI-milk  0.47  0.50  0.38 
OAD EI-fat  0.72  0.72  0.59 
OAD EI-protein  0.68  0.77  0.63 
OAD EI-SCS -0.29 -0.49 -0.52 
Reg(OAD EI/BW)*  0.83  0.42  0.79 
*combined regression value for all breeds was 0.71. 
 

 

 
Figure 2. Genetic gain in once-a-day (OAD) economic 
index (EI) for different OAD breeding schemes over and 
above the default national breeding scheme over 20 yr. 

 
 
The genetic gain in OAD economic index 

associated with different breeding schemes is presented in 
Figure 2. The analysis indicated that the genetic merit of 
sires selected for OAD using the various schemes was over 
and above that of sires available through the existing 
national estimates under BW. Genomic selection used alone 
to select young bulls for industry use outperformed the 
default scheme within 2 yr because of the short time lag for 
bulls to breed calves. There was also an improvement using 
the two-stage and joint selection schemes, occurring 4 yr 
after implementation. This timing corresponded with the 

increase in genetic gain due to OAD specific progeny 
testing and genetic evaluation. This improvement would be 
maintained while the scheme was implemented but would 
be lost 4 yr after investment if the scheme concluded. There 
was an increase in genetic gain after 6 yr for both the 
divergent scheme and the genomic pre-selection with 
progeny testing scheme. Again, this time lag reflected the 
interval between scheme implementation and realized gain 
in the bulls available for industry use.  
 

While all schemes initially increased the genetic 
gain relative to the default scheme, the divergent and 
genomic schemes also resulted in an increase in the rate of 
genetic gain and, therefore, achieved a greater improvement 
than the two-stage and joint schemes over the course of 20 
yr (Figure 2). Nevertheless, a comprehensive comparison of 
breeding schemes also requires incorporation of the true 
merit likely to be obtained per cow over the 20-yr period, 
the number of cows that capture the benefits of the genetic 
gain, and the costs associated with the various schemes. 

 
The net discounted returns from each scheme over 

the 20-yr period are presented in Table 3. The standalone 
genomic selection scheme performed best in an OAD 
context. This scheme delivered a level of merit after 20 yr 
that was comparable to the best of the other schemes 
(Figure 2), while having the lowest costs. Interestingly, 
while the costs to implement genomic pre-selection with 
progeny testing were not low compared with the other 
schemes, the net discounted return of this scheme over 20 
yr was still very high because the gain that can be achieved 
in this scheme outperforms all other schemes in the long 
run. The joint selection scheme did not result in an increase 
in the rate of genetic gain, but its costs were modest relative 
to the divergent and genomic pre-selection schemes (results 
not shown). Implementation of joint schemes also comes 
with significantly less risk than implementation of a 
standalone genomic selection approach, as progeny testing 
is a more proven technology than genomic selection, and 
the accuracy of individual bulls selected is lower with 
genomic selection than with progeny testing. 

 
Table 3. Net cumulative discounted returns (over 20 yr) 
of each breeding scheme based on 200,000 cows (NZ 
dollars). 
Breeding scheme Net return (000s) Rank 
Two-stage selection $   35,637 5 
Joint progeny testing $   74,786 3 
Divergent selection  $   41,907 4 
Genomic selection $ 156,479 1 
Genomic pre-selection 
with progeny testing $   77,771 2 
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Conclusion 
 
We estimate that between 2 and 5% of cows in NZ 

are currently in whole-season OAD production systems 
(with herd testing) and 17% of cows are in herds where 
OAD milking is frequently used as a tactical option. There 
is potential for more farmers to milk OAD if this could be 
achieved with only modest reductions in milk revenues. 
Therefore, sires that produce daughters performing well 
under both OAD and TAD milking would be of interest to a 
reasonably wide cross section of the NZ dairy industry. 

 
Genetic analysis indicated that selection for the 

national BW in OAD herds would only result in a $0.71 
gain in profitability for every $1 gain in BW. A dedicated 
breeding program, however, could deliver genetic gains for 
OAD farmers that are between 50 and 100% greater than 
the gains achieved through reliance on the existing scheme. 
A genomic selection scheme with conservative assumptions 
about prediction accuracy (assuming low-cost, low-density 
genotyping) performed best due to relatively high rates of 
genetic progress and a short time lag until first impact. 

 
Acknowledgements 

 
 The authors gratefully thank LIC and the NZ Core 
Database Access Panel for provision of animal records. 
This study was funded by NZ dairy farmers through 
DairyNZ Inc., and by the NZ Ministry for Business, 
Innovation & Employment. 
 

References 
 
Clark, D.A., Phyn, C.V.C., Tong, M.J., et al. (2006). J. Dairy Sci. 

89:1854-1862. 
Dairy NZ. (2012). New Zealand Dairy Statistics 2011-12. 
Dickerson, G.E. (1973). Proc. Anim. Breed. Genet. Symp. ASAS 

& ASDA, Blackburg, VA. Pp. 54-77. 
Gilmour, A.R., Gogel, B.J., Cullis, B.R., et al. (2009). ASReml 

User Guide Release 3.0. VSN International Ltd, Hemel 
Hempstead, HP1 1ES, UK. 

 


