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Abstract 

In earlier work, we showed that two cohorts of carry-over cows produced 10% more milksolids (MS) in the 
first lactation (2008/09) subsequent to the carry-over (non-lactating) season. Here we present further 
production data for this cohort through to the fourth post-carry-over lactation, together with production data 
for two further cohorts through to their second and third post-carry-over lactations respectively, and compare 
this to production from non-carry-over (annual calving) cows of similar breed and breeding worth (BW) in 
the same herd. Carry-over cow cohorts produced more MS through to and including the third post-carry-over 
lactation relative to non-carry-over cows. We term this additional production the ‘holiday effect’. First year 
MS holiday effects were 57 kg (13%) and 106 kg (23%); second year holiday effects were 36 kg (8%), 48 kg 
(10%) and 31 kg (6%); and third year effects were 48 kg (10%) and 41 kg (8%). Aggregate survivability 
through to the fourth post-carry-over lactations of 83%, 82% and 71% respectively were broadly consistent 
with national survivability statistics. It is concluded that the bio-economics of carry-over cows are worthy of 
consideration, particularly for young cows of high BW and PW status which have previously given birth at 
least once. 
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Introduction 

Despite on-going research, maximising the 
reproductive performance of dairy cows remains a key 
challenge within the New Zealand dairy industry 
(Burton 2001; Blackwell et al. 2010). The challenge is 
increased by the seasonality of the New Zealand 
production system and the associated need for spring 
calving. Although Xu and Burton (2003) reported 
historical in-calf rates of dairy herds ranging from 83% 
to 95%, this included the induction of parturition in 
late-calving cows. However, the induction of lactation 
is no longer an acceptable management practice 
(Beukes et al. 2005; Blackett et al. 2006). This has 
placed further pressure on reproductive performance. 
The Lincoln University Dairy Farm achieved an in-calf 
rate of 86% in 2010/11 and 2011/12 under a non-
induction policy (Lincoln University Dairy Farm 2011, 
Lincoln University Dairy Farm 2012). 

Within New Zealand, it is normal practice to cull 
cows that are diagnosed either as late-calving or as 
non-pregnant. However, the herd wastage associated 
with this practice is inevitably high. Depending on the 
specifics of market conditions which vary from year to 
year, a cow that would otherwise have a market value 
of $1,500 to $2,000 will be sold for a meat value of 
approximately $500 or as an empty cow to be carried 
over at a value of $500 to $800. Accordingly, it is 
appropriate to consider whether cows that have high 
breeding worth (BW) and production worth (PW) 
should, in at least some situations, be carried over as 
dry cows for a ‘holiday year’. 

In earlier work, Pangborn and Woodford (2010) 
showed that two cohorts of carry-over cows produced 
10% or approximately 40 kg, more milksolids (MS) in 
the first lactation subsequent to the carry-over season, 

in comparison to non-carry-over, annual calving, cows 
of similar BW and age in the same herd. We term this 
the ‘holiday effect’. The production increase from the 
carry-over cows relative to two-year olds in that same 
herd was 128 kg MS. The relevance of this comparison 
with two-year-olds is that the alternative to a carry-
over cow within a farming system is likely to be an 
additional two-year-old cow. In that earlier work, the 
two cohorts of carry-over cows had high non-
pregnancy rates of 20% and 25% during the first 
lactation following carry-over, and hence low 
survivability to the subsequent season. Nevertheless, a 
preliminary bio-economic analysis that included the 
additional depreciation in value associated with lower 
subsequent survival rates indicated a net return of $228 
per carry-over cow relative to the cost of rearing and 
carrying another two-year old replacement. 
Recognised limitations of that analysis were the lack 
of within-herd production and survivability data for 
subsequent seasons, together with the need for 
replication to other cohorts of carry-over cows. 

 In this paper we address these limitations. We 
present on-going production and within-herd 
survivability data from one of these cohorts for three 
further seasons, together with production and 
survivability data for two further carry-over cohorts. 

Materials and methods 

A herd of approximately 500 cows was calved in 
August/September for three seasons from 2009/10 to 
2011/12 on a commercial irrigated dairy farm in 
Canterbury. Stocking rate was approximately 3.7 cows 
per hectare. Cows were milked in a 50 bale rotary 
shed. Based on the visual assessment of pasture 
availability, the herd was supplemented with either 
pasture baleage or palm kernel expeller during the 
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Table 1 Number of cows and their breed type in the 
Carry-over and Non-carry-over groups. 

Cohort 
Number of 

cows 

Proportion of 
Friesian genetics 

(%) 

2007/08 carry-over group 60 76 
2008/09 carry-over group 122 72 
2009/10 carry-over group 20 70 

Non-carry-over group 
(Control) 

48 68 

 

 

Table 2 Seasonal milksolids production of the Carry-over and Non-carry-over groups. The P value indicates 
significance of the difference of each Carry-over group from the Non-carry-over group (Control). Bold text 
indicates significance at P <0.05. 

Cohort 
Breeding 

worth 
Production 

worth 

Seasonal milksolids production (kg) 

2009/10 2010/11 2011/12 

Raw data Age adjusted data Raw data Raw data 

2007/08 carry-over group 39 62 489 489 515 501 
P value 0.10 0.74 <0.001 0.01 0.009 0.68 

2008/09 carry-over group 56 82 510 510 515 532 
P value 0.53 0.08 <0.001 <0.001 0.001 0.03 

2009/10 carry-over group 81 139 - - 573 522 
P value 0.01 <0.001   <0.001 0.38 

Non-carry-over group (Control) 52 57 412 453 467 491 

 

season. Production data recorded as kg of MS were 
measured four times during the season by the 
Livestock Improvement Corporation. Cows were 
artificially inseminated during a six week period. Bulls 
were run with the herd for a further six weeks. The 
herd was scanned for pregnancy by qualified 
veterinarians in February and May each year. 

The key data reported and analysed here is whole-
of-season production together with between-year 
survivability. This survivability measures losses from 
all causes according to the commercial decision 
criteria of the farmer. Non-pregnant cows that had 
previously been ‘carried over’ were automatically 
culled. 

Production data from the three carry-over cohorts 
that were dry during the 2007/08, 2008/09 and 2009/10 
seasons respectively were compared with non-carry-
over cows in the same herd. Given that the carry-over 
cohorts were predominantly Friesian and Friesian 
cross, the comparative group was filtered to exclude 
Jersey-type animals using herd records supplied by 
Livestock Improvement Corporation. This comparative 
group comprised 48 cows aged three, four and five 
years during the three sequential years of the study. 
Given that national dairy statistics (Livestock 
Improvement Corporation 2012) indicate that mature-
age cows typically produce about 10% more than 
three-year-old cows, the 2009/10 comparisons were 
undertaken with data adjusted accordingly as well as 
with raw data. Survival statistics were calculated from 
herd records and compared to national data (Livestock 
Improvement Corporation 2012). Comparative within-
herd analysis of survivability between carry-over and 
non-carry-over cows was not undertaken because of 
the non-carry-over group being too small for 
meaningful comparison. 

Production data for the 2007/08 Carry-over group 
relates to their second, third and fourth year of post-
carry-over production, with the first year data 

previously recorded by Pangborn and Woodford 
(2010). Production for the 2008/09 group relates to 
their first, second and third season of post-carry-over 
production. Production for the 2009/10 Carry-over 
group relates to their first and second years of post-
carry-over production. 

Statistical analyses were undertaken with 
SPSS20TM using two-tailed t-tests for equality of 
means with independent samples, following an F test 
analysis for equality of variance. All reported statistics 
for significance are for Carry-over versus the Non-
carry-over comparisons. 

Results 

Apart from the 2009/10 Carry-over group, there 
were no statistically significant differences in either 
BW or PW between the Carry-over and Non-carry-
over groups (Table 2). The genetics of the Carry-over 
versus Non-carry-over groups were also similar, with 
all animals being either Friesian or crossbred. 
However, production differences between the Carry-
over and Non-carry-over groups were considerable 
across all three seasons. 
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Table 3 Seasonal milk solids production advantage (kg), with 
percentage increase in brackets of Carry-over groups versus the Non-
carry-over Control group by post-carry-over years, using age 
adjusted data where Non-carry-over cows were aged three years. The 
P value indicates significance of the difference of each Carry-over 
group from the Non-carry-over group (Control). Bold text indicates 
significance at P <0.05. 

Cohort 
First  

carry-over 
season 

Second 
carry-over 

season 

Third  
carry-over 

season 

Fourth 
carry-over 

season 

2007/08 carry-over 
group 

- 36 (8) 48 (10) 10 (2) 

P value  0.01 0.009 0.68 

2008/09 carry-over 
group 

57 (13) 48 (10) 41 (8) - 

P value <0.001 0.001 0.03  

2009/10 carry-over 
group 

106 (23) 31 (6) - - 

P value <0.001 0.38   

 

The issue of the extended holiday effect into 
second, third and fourth lactations is best seen by re-
organising the seasonal data by carry-over lactation 
(Table 3) It is apparent that the 2007/08 Carry-over 
group retained a considerable production advantage 
over the comparison group through to the end of their 
third carry-over season. Similarly, the 2008/09 Carry-
over group retained large production superiority 
through to the end of their third carry-over season. The 
2009/10 Carry-over group had exceptional production 
in their first post carry-over season with an additional 
106 kg MS compared to their non carry-over 
comparisons but in the second carry-over season the 
difference of 31 kg MS, although still of potential 
economic importance, was statistically non-significant 
as a consequence of a small group size. Across all 
cohort groups, the non-weighted means of additional 
production compared to Non-carry-over mature cows 
were 81 kg MS for first year carry-over season (two 
cohorts), 38 kg MS for the second season (three 
cohorts), 45 kg MS for the third season (two cohorts) 
and 10 kg MS for the fourth season (one cohort). 

Aggregated survivability statistics were 83% 
survivability from the first to second carry-over season 
for two cohorts of 140 cows, 82% from second to third 
carry-over season for two cohorts of 163 cows, and 
71% from third to fourth carry-over season for one 
cohort of 48 cows. 

Discussion 

The production results presented here not only 
confirm the first year holiday effect on production 
previously reported by Pangborn and Woodford 
(2010), but provide strong evidence that this effect 
continues for at least another two seasons. This is the 
first time this effect has been documented. 

Not only has the performance of the 
three carry-over cohorts been superior in 
relative terms to the Non-carry-over 
comparison cows, the performance has 
been particularly high in absolute terms, 
averaging 520 kg MS per lactation across 
all Carry-over lactation groups over all 
seasons. This compares to 470 kg MS for 
the Non-carry-over comparisons for all 
seasons, using age adjusted data with a 
10% assumed production increase during 
the first season when comparison cows 
were only three years of age. A partial 
explanation for the high performance of 
the 2009/10 Carry-over group could be 
the higher breeding worth of this cohort. 
However, to the extent that this is valid, 
it only applies to the two smallest groups 
out of eight cohort seasons. 

The survivability statistics for the 
Carry-over cohorts are also superior to 
those reported by Pangborn and 
Woodford (2010), where 20% and 25% 
of the cows were culled between the first 

and second post-carry-over lactations. The results 
reported in this study are broadly consistent with 
national survivability statistics as reported by the 
Livestock Improvement Corporation (2012) with 4 to 5 
year-old survivability typically being about 86%, 
declining to about 78% at 6 to 7 years of age, and 
declining further to about 67% from 8 to 9 years of age. 

Earlier work reported by Pangborn and Woodford 
(2010) found preliminary evidence that retaining non-
pregnant cows as carry-overs was likely to be 
economic in at least some situations relative to rearing 
additional replacements. This current work suggests 
that the holiday effect assumed in that earlier work was 
conservative. Also, the results reported here suggest 
that the survivability statistics assumed there were too 
harsh, and hence the annual depreciation associated 
with carry-over cows was too high. 

Accordingly, there are clear implications from 
these results that the bio-economics of carry-over cows 
are worthy of consideration. This is particularly the 
case for young cows of high BW and PW status which 
have previously given birth at least once. However, a 
full bio-economic analysis of carry-over cows would 
require modelling a ‘whole of herd’ situation that 
incorporates the biological and economic efficiency 
effects of changes to herd age structure that arise from 
reducing the overall replacement rate and hence 
reducing the number of lower-producing two-year olds 
in the herd. Future proposed work includes 
investigating this within a linear programming 
framework. Such work could also investigate specific 
decision rules relating to maximum age and minimum 
BW and PW status for selection of carry-over cows. 

One of the features of the work reported here is 
that the data were collected under commercial 
conditions. This provides a degree of relevance not 
always obtainable under normal scientific conditions. 
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Although it has the advantage of providing access to a 
considerable number of cows, it also places inherent 
limitations on the structure of the investigations. 
However, by definition, issues such as carry-over cow 
performance are not amenable to formal trials with 
random assignment of animals to treatments, given 
that carry-over availability is determined by prior 
reproductive outcomes. This type of issue can only be 
addressed within a systems framework, typically 
combining empirical data with system models. 
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