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Abstract

Good management of the pregnant heifer is crucial to ensure that she is well grown and healthy
and calves down easily before joining the milking herd. This study collected primary data on all
aspects of heifer management on 101 UK farms during heifer pregnancy from conception to calv-
ing including farm factors and associated costs of system inputs. A cost analysis workbook was
developed to calculate the cost of rearing per heifer for each of the study farms. Associations be-
tween cost of rearing and farms factors were determined using linear regression and analysis of
variance. Heifers had a mean age of conception of 509 d (range 365 - 700 d) and an age at first
calving of 784 d (range 639 - 973 d). The mean total cost of rearing during pregnancy was £450.36
(range £153.11 to £784.00) with a mean daily cost of £1.64 (range £0.56 to £2.86). The inputs con-
tributing the most to cost were feed (32.7%), labour (23.8%) and slurry disposal (11.2%). Total
purchased and homegrown feed and grazing contributed between 25.5% and 65.4% of total costs
with a mean contribution of 43.6%. The cost of rearing was lowest in spring calving herds and
highest in all year round calving herds with intermediate values in autumn and multi block calving
herds. The main variables influencing the cost were the number of days spent at grass, age at first
calving, calving pattern, breed, herd size and region. Each extra day in age at first calving in-
creased the mean cost of rearing during pregnancy by £0.33/d whereas every extra day at grass
reduced the cost by £1.75/d.
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1. Introduction

Rearing dairy heifers is the second largest annual expense of a dairy enterprise’s production costs after feed,
with no return on investment until the first lactation [1]. Recent expansion in the size of UK dairy herds has
placed added pressure on existing labour and infrastructure resulting in minimal management of replacement
stock. This is a concern as rearing heifers to enter the milking herd successfully at the optimal age and size re-
quires careful attention to detail particularly in the areas of nutrition, reproduction and health [1]-[3]. Failure to
control these aspects of rearing adequately is likely to contribute to both high levels of wastage and a wide
spread in age at first calving (AFC) [4] [5]. Achieving a consistent AFC of around 23 - 25 months for all ani-
mals is beneficial as it reduces the total costs of rearing by minimising the time that heifers are kept within the
replacement herd and the numbers of replacement animals needed to maintain herd size [3] [6]. There is also an
increasing body of evidence showing that calving at 2 years of age increases the likelihood of completion of first
lactation and overall length of survival in the herd [1] [3] [7] [8].

During the period from conception to calving, available energy must not only be partitioned into metabolic
functions and growth of the dam but also into the maintenance of the growing fetus. Physical maturity in dairy
cows is not reached until about the end of the third lactation [9]. The pre-natal period is therefore critically im-
portant not just for the dam but also for the future health and productivity of her own offspring. Depending on
the stage of gestation and the duration and severity of the period of undernutrition, this can decrease calf birth
weight and alter postnatal growth trajectories and carcass quality [10]-[13]. Inadequate maternal nutrition during
late pregnancy can also affect the absorption capacity of the calf, reducing passive transfer of immunoglobulins
from colostrum and thereby increasing the risk of enteric and respiratory disease in newborn calves [14]. Apart
from nutrition, other stressors experienced during gestation can arise due to poor husbandry techniques, envi-
ronmental conditions such as heat or cold stress, poor health of the dam and difficult births [15].

It is important that the heifer has reached an adequate body weight (ideally 90% as a proportion of mature
body size) and frame size by the time she calves [16]. This affects the incidence of dystocia which may occur in
up to 50% of first calving heifers [17] [18]. Perinatal calf mortality is also considerably higher for primiparous
dams, for example 11% compared with 4.6% in multiparous dams [17]. Nutritional management during rearing
including pregnancy can also affect the subsequent milk production potential of replacement heifers although it
is hard to separate the effects of growth rate, age and weight at calving (see review [3]). A meta-analysis of stu-
dies examining the effects of heifer growth rates concluded that first-lactation milk production increased with
increasing body weight at calving [19]. On the other hand, a number of studies have reported that first lactation
yields in dairy heifers are not reduced providing that the AFC is >23 months and that the animals are sufficiently
well grown at calving [8] [20]-[22].

Mortality rates in cattle from 6 months of age until calving are relatively low, with reported incidences of 7.4%
in British heifers [4], 4.1% in French dairy heifers [23] but only 0.8% in all cattle of this age in Northern Ireland
[24]. Major causes reported were respiratory disease (37%) and gastrointestinal syndromes (22%) [24]. Never-
theless, disease can have a major impact on growth rates and fertility. Grazed animals are exposed to Fasciola
hepatica, Cooperia oncophora and Ostertagia ostertagi. Of particular concern are diseases which may cause
loss of the pregnancy. In a previous study of 17 UK farms we found that 2.7% of heifers initially confirmed in
calf suffered from late embryonic/early fetal mortality while a further 1.5% aborted between 188 - 257 days of
pregnancy [2]. Neospora caninum is the most commonly diagnosed cause of cattle abortions in the UK; 7.2% of
UK heifers examined tested seropositive for this disease and infected animals were 5.3 times more likely to ab-
ort than uninfected cattle [25]. Many other bacterial, viral, protozoan and fungal pathogens can cause fetal mor-
tality and abortion in cattle including, for example, Leptospira spp., bovine herpesvirus 1 and bovine viral di-
arrhea virus [26]. Another important health challenge during heifer pregnancy is mastitis which can be costly
due to the potential loss of affected quarters and possible abortion of the fetus. Risk factors for mastitis include
fly control, nutrition, hygiene measures at calving, season, location of the herd and stage of pregnancy [27]-[29].

The aim of this study was to examine current heifer rearing practices in the UK and their associated costs
during the heifer’s pregnancy from conception to first calving.

2. Materials and Methods
2.1. Farm Selection, Questionnaire and Data Collection

A total of 101 dairy farms located in England, Scotland and Wales were recruited via industry extension services,
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farm consultancy groups, social media platforms and private veterinary groups. Information on costs and man-
agement associated with the periods from birth to weaning [30] and weaning to conception [31] have been re-
ported previously. The farms were visited from March through August 2013. An extensive questionnaire re-
cording details of heifer management was completed during an interview by a single researcher (Royal Veteri-
nary College Ethics and Welfare Committee number 2013 1199). Survey questions relating to the period of time
from conception to calving included; labour, type and characteristics of heifer housing, the availability of solid
feeds including forage, grain mixtures, concentrates and by-products, details on turn-out and rehousing, disease
occurrence and vaccination and health treatments. Input costs and farm factors relating to this period were also
documented.

2.2. Calculation and Analysis of Input Costs

Accurate ages at conception were not always available as some farms used natural service with a bull on at least
a proportion of their heifers, so the number of days spent in the period from conception to calving was taken as a
fixed value of 274 days (9 months) for all farms. This figure was selected based on a study which examined the
gestation length of Holstein cattle [32].

The cost of bedding and disinfection was calculated from the number of days heifers spent in their accommo-
dation, stocking rate, the size of the housing unit, type of bedding used, cost per tonne of bedding material, how
often the housing was mucked out and rebedded and whether the area was washed or disinfected before rebed-
ding. If heifers were cubicle housed on mats, the cost of the mat was only apportioned to the heifer once during
the rearing period even if they occupied multiple accommodation where mats were used for bedding.

To calculate the cost of feed, the type of forage, grain mixtures, supplements, concentrates and by-products
were documented. The cost per tonne of the feed as well as quantity (kg fresh weight) and the number of days
the feed was offered was also recorded. On farms where feed was offered ad libitum, estimated daily intake was
taken from the literature based on breed and age. The average of figures were used if a range of quantities, costs
or number of days fed was provided by the farmer. The length of time (if any) that a heifer was introduced to a
transition or dry cow diet in the time immediately prior to calving was noted.

Grazing costs included the cost of fertilizer application, annual establishment costs of a five year ley, the
opportunity cost of renting out the grazing land and contractor costs. Contractor costs included mowing, har-
vesting, bailing and wrapping three silage cuts. All of these costs were obtained from The Agricultural Budget-
ing and Costing Book [33] and DairyCo grassland management improvement programme [34]. Whether calving
took place indoors or at grass was recorded to ensure that this period of time was included either in the cost of
calving management (i.e. the costs associated with calving inside such as bedding and disinfection) or in the cost
of grazing.

The cost of transporting heifers between different holdings was based on farm personnel visiting the holding
once a day as per The Welfare of Farmed Animals (England) Regulations 2000 (S.1. 2000 No. 1870) Schedule 4,
paragraphs 3 and 4. If heifers were housed with a contract rearer then only the cost of the return journey to the
home farm prior to calving was included in the calculation as the cost of the outward journey was included in
the previous development period.

Vaccination, worming and ectoparasite treatment were recorded, with the cost of each being determined by
the product used, the frequency of use and whether the treatment was administered by a health professional or
by farm personnel. Where the cost of the treatment was not known, information from online veterinary pharma-
ceutical suppliers was used. On farms where the bodyweight of heifers was not determined prior to administra-
tion of the treatment, the recommended body weights for age and breed of the heifer were used to determine the
quantity of treatment [35] [36].

The methodology used to calculate the cost of labour, building and equipment depreciation, electricity, free
water consumption and slurry storage and soiled bedding costs are described in Boulton et al. [30] [31]. With
reference to slurry storage, the volume of slurry produced per day per heifer during pregnancy was assumed to
be 40 litres per day [33].

2.3. Statistical Analysis

A workbook was developed in Microsoft Office Excel 2010 to perform a cost analysis of individual farm data
with STATA v12.1 (StataCorp, College Station, Texas, USA) used for statistical analysis. The data were exam-
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ined for normality and heteroskedacity using the Shapiro-Wilk test and the Breusch-Pagan/Cook Weisherg test
respectively. Simple linear regression and analysis of variance were used to test for associations between farm
factors and the cost of rearing and to test for differences between the means of categorical variables. If the plot
of residuals against each of the continuous predictor variables failed then continuous variables were categorized.
Explanatory variables were assessed for collinearity, with a score of >0.8 indicating high correlation between
two variables [37]. Variables with p-values < 0.2 in the univariate analysis were included in a multivariable
analysis using forward stepwise selection starting with the variable with the highest F statistic and lowest p-
value from the univariable analysis. The results of the ANOVA were used to determine the fit of the model.
Tests for interactions between variables were also conducted.

3. Results

The average herd size in this study was 237 milking cows (range 10 to 1200 cows) of mostly black and white
purebred and crossbred herds. Heifers in this study had a mean age at conception of 509 days, range 365 to 700
[31] with a mean and median age of calving of 784 days and 776 days (25.8 and 25.5 months) respectively
(range 639 to 973 days). During the period from conception to calving most farms turned their heifers out to
grass once they had been confirmed in-calf. On 76.2% of farms heifers had been moved to a separate holdings
post-weaning and these were generally returned to the home farm around 3 weeks prior to calving. The contri-
bution of each of the input costs to the total cost of rearing from conception to calving is summarized in Table 1
and Figure 1.

3.1. Labour

The mean cost of labour during gestation was £109.56 + 57.82 (range £22.16 to £304.14, n = 101) with a median
of £97.76 per heifer. Labour included mucking out, feeding, daily checks and health-related requirements.

3.2. Dry Feed

On a majority of farms, once heifers had been served and/or confirmed pregnant then feeding of concentrates
such as rearer nuts was reduced to avoid excess weight gain prior to calving. The majority of farms (77/101) fed
grass silage as the main staple of the diet, with total mixed ration (TMR) the next most common feed (11/101)
during this period. On 36.6% (37/101) of farms, heifers were fed a dry cow/transition diet 7 to 60 days pre-
parturition. The most frequent time that farmers chose to change the diet was 21 days before calving. The cost of
many of the components of the transition ration was much more expensive compared to a similar weight of si-
lage or TMR (£400 tonne versus £25 tonne). The cost of homegrown or purchased feed (excluding grazed grass)

Table 1. Summary data of the contribution of each of the costs associated with the total cost per farm of rear-
ing their pregnant heifers from conception to first calving.

% Contribution to total cost of rearing during pregnancy

Inputs . 5
n Mean Range Median

Labour 101 23.8+8.9 7.1-49.2 22.8

Bedding 100 65+49 0-21.2 49
Disinfection 34 0.1+0.3 0-2.6 0

Building depreciation 100 2009 0-5.0 1.8

Purchased and homegrown feed 101 32.7+10.2 12.5-59.4 30.6
Grazing 100 11.0+6.6 0-39.1 9.1

Machinery and equipment 101 40+£20 04-104 3.7
Water 101 42+20 1.1-13.9 38
Vaccinations 77 18+17 0-9.3 15

Worm control and ectoparasite treatment 95 21+1.6 0-115 1.8

Slurry storage 100 11.2+95 0-30.8 12.6
Electricity 101 0.8+0.3 0.01-1.6 0.8

“There were 101 farms in the study but not all farms used all the potential inputs which were assessed.
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for the period from conception to calving per heifer per day ranged from £0.79 to £2.83 (n = 101) with a mean
and median cost per day of £1.43 + 0.35 and £1.35 respectively. The cost of feed per day was greater than £1.00
in 83% (84/101) of herds with 8% of herds having a feed cost per day of >£2.00. The mean cost of feed per
heifer per day for the different calving patterns was £1.30 + 0.10 for spring calving herds, £1.55 + 0.44 for au-
tumn calving herds, £1.51 + 0.43 for multi block calving herds and £1.41 + 0.33 for all year round (AYR) calv-
ing herds.

3.3. Turnout and Grazing

The mean number of days that heifers spent at grass from conception to calving was 172 + 35.8 (range 91 to 274
days, median = 182.5 days, n = 100). Separated into calving pattern, spring born heifers spent on average 207
days at grass, autumn heifers 197 days, all year round born heifers were the lowest with a mean of 162 days and
multi block herds turned heifers out to grass for 187 days. The mean cost of grazing per heifer was £44.81 +
21.06 (range £9.62 to £100.97, n = 100) with a median of £40.75. The cost per day per heifer ranged from £0.07
to £0.60 with a mean of £0.26 + 0.12 (median = £0.24, n = 100). Each extra day spent at grass during pregnancy
reduced the total cost of rearing in this period by £2.20 (Figure 2) and the cost per day was similarly reduced.

Electricity 0.8%

Worming 2.1%

Vaccinations 1.8%

Water 4.2%
T Labour 23.8%

Grazing 11.0%

Disinfection
0.1%

Figure 1. Contribution of input costs to total cost of rearing pregnant heifers from conception to first calving.
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Figure 2. Regression analysis between the number of days that pregnant heifers spend at grass and the cost of
rearing from conception to calving. Each symbol represents one farm, n = 101.
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3.4. Housing, Bedding and Slurry

During this period heifers on a majority of farms (84/101) spent less than half of the gestation period (137 days)
housed, with total time housed ranging from 0 to 274 days (i.e. the entire length of gestation). The mean and
median values were 106 + 38.5 and 92 days respectively (n = 100). One farm did not house their heifers for any
time during this period as they turned out in February following insemination and calved heifers at grass. The
number of heifers being housed in cubicles increased to 53 farms during this time with the mean area of housing
allocated per heifer being 3.5 m? + 2.1 (range 2.5 m* to 14.9 m?, median = 2.5 m? n = 100). The remaining hei-
fers were housed in groups ranging from 5 to 50 heifers, mostly on straw (46/47).

The mean cost of bedding per day during gestation was £0.12 + 0.1 (range £0.01 to £0.40, median = £0.09, n
= 95). Five farms did not have any bedding costs due to their heifers being housed on mats only. If mats had also
been used in the period from weaning to conception then the cost of the mat had already been allocated to this
earlier period. A total of 34 farms disinfected their housing when mucking out and rebedding. The disinfection
cost for this period ranged from £0.03 to £15.63 with a mean of £1.23 + 2.97 (median £0.20). The cost of slurry
storage and spreading of soiled bedding ranged from £0.15 to £164.40 with a mean of £62.36 + 23.75 (median =
£54.90, n = 100).

3.5. Vaccinations, Worming and Ectoparasite Treatment

Vaccinations were administered on 76.2% (77/101) of farms during pregnancy. The most common diseases be-
ing vaccinated for were bovine viral diarrhoea virus (BVDV) (44/77), Leptospirosis (29/77) and infectious bo-
vine rhinotracheitis (IBR) (27/77). Six farms administered the Rotavec Corona (MSD Animal Health, Milton
Keynes, UK) vaccine to heifers before calving to raise antibodies in the dam. The cost of vaccinations ranged
from £0.80 to £24.80 per heifer with a mean and median cost of £9.62 and £8.43 respectively (n = 77). Worming
and ectoparasite treatment prior to or after turnout or at rehousing was practiced on 94% (95/101) farms with a
mean cost per heifer of £9.05 + 6.83 (range £0.88 to £47.64, median = £7.08, n = 95). The parasites most com-
monly treated for were Dictyocaulus viviparous (lungworm) (77/95) and Fasciola hepatica (liver fluke) (26/95).

3.6. Drinking Water and Electricity

The mean cost of electricity per heifer during pregnancy was £3.57 + 1.51 (range £0.01 to £10.00, n = 101) with
a median of £3.30. Free access water cost £0.06 + 0.02 (range £0.02 to £0.11, median = £0.06, n = 101) per hei-
fer per day based on estimated bodyweight.

3.7. Building and Equipment Depreciation

The cost of building depreciation attributed to heifers during pregnancy ranged from £1.95 to £23.82 with a
mean of £9.10 (median = £8.63, n = 100). One farm was not included in the analysis as their pregnant heifers
were never housed. The mean cost of maintenance and depreciation of equipment was £17.91 + 11.44 (range
£2.70 to £56.63, median = £15.08, n = 101).

3.8. Total Cost of Rearing from Conception to Calving

The mean total cost of rearing from conception to calving was £450.36 + 131.42 (range £153.11 to £784.00, n =
101) with a median of £447.31. The greatest expense was feed (including purchased feed and homegrown forage
but excluding grazing) at 32.7% with the second and third main expenses being labour (23.8%) and slurry sto-
rage (11.2%). Total purchased and homegrown feed and grazing contributed to between 25.5% and 65.4% of
total costs with a mean contribution of 43.6% + 9.6 (median = 42.9%, n = 101). The mean daily cost of rearing
during this period was £1.64 + 0.47, ranging from £0.56 to £2.86 (median = £1.63, n = 101).The total cost of
rearing pregnant heifers was lowest in spring calving herds with a mean of £269.74 + 70.87 and highest in AYR
calving herds at £492.69 + 111.25. Autumn and multi block calving herds had mean total costs of rearing of
£327.18 + 138.42 and £408.28 * 79.58 respectively (Figure 3). The cost of rearing from conception to calving
tended to increase with increasing AFC although there was a large spread of values (Figure 4).

3.9. Variables Influencing the Cost of Rearing from Conception to Calving

The main variables influencing the cost of rearing heifers during pregnancy were age at first calving, the number
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Figure 3. Box and whiskers plot showing the total cost of rearing pregnant heifers from
conception to first calving for the four different calving patterns: a > b, p < 0.05.
900

y =0.6966x — 95.501
R2=10.0995 *

700 - .

800 -

600 -

500

400 -

300

Total cost from conception to calving (£)

200

100 - ; : ~ : : ; ~
600 650 700 750 800 850 900 950 1000

Age at first calving (days)

Figure 4. Regression analysis between the age at first calving (days) and the cost of rearing
from conception to calving. Each symbol represents one farm, n = 101.

of days spent at grass, breed, calving pattern, herd size and region. Together these accounted for 72.6% of the
variation in the cost of rearing from conception to calving in the multivariable model with an F (23, 77) statistic
of 8.89 (p < 0.0001) (Table 2 and Table 3). Adjusting for the effect of calving pattern, breed, herd size and re-
gion, the mean cost of rearing during pregnancy increased by £0.33 for each extra day age at first calving and
decreased by £1.75 for every extra day at grass. With respect to breed, purebred Holstein was taken as the base
line. Holstein x herds had an increase in cost of rearing compared to Holstein herds (£35.77), while all other
pure breeds, Holstein-Friesians and Friesian crosses were less expensive to rear during pregnancy. Of these,
Jersey heifers were the cheapest by £92.81 compared to Holsteins. AYR calving was the most expensive calving
pattern and the predicted reductions in cost of rearing on multi-block, autumn and spring calving systems were
£23.35, £93.18 and £75.42 respectively. All herd sizes > 100 had lower expenses of between £96.14 and
£157.01 compared to herds with <100 milking cows. Taking east of England as the baseline, four of the nine UK
regions had greater costs from conception to calving (Mid-West, South, Wales and North West) whereas four
had lower rearing costs (Midlands, North, Scotland and South East).

480
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Table 2. The effect of different exposure variables on the total cost of heifer rearing during pregnancy assessed using one

way ANOVA.

Variable®
Age at first calving
Enterprise type
Calving pattern
Breed
Region
Herd size
Culling rate %
Calving rate %
Stillbirth rate%
First lactation yield
Herd lactation yield
bTB status
Days at grass

df
1,99
1,99
3,97
5,95
9,91
4,96
5,95
5,95
4,96
5,95
5,95
1,99
1,99

F
10.93
0.63
14.02
2.47
1.88
4.73
1.03
0.97
0.93
1.49
112
0.59
76.63

Prob > F
0.0013
0.4297
<0.0001
0.0379
0.0643
0.0016
0.4035
0.4424
0.4508
0.2002
0.3556
0.4451

<0.0001

Adj R?
0.0904
-0.0037
0.2808
0.0684
0.0736
0.1297
0.0016
-0.0017
-0.0029
0.0239
0.0059
-0.0041
0.4306

#Age at first calving; enterprise type, classification of farms on their organic status; calving pattern, season(s) when the majority of the herd calved;
breed, predominant breed in the herd; region, the location of the farm within the UK based on the dairy levy board groupings; herd size, number of
cows in the milking herd including dry cows; culling rate, % cows in the herd culled in the last 12 months; calving rate, % cows in the herd calved in
the last 12 months; stillbirth rate, % calves born dead from the number of cows that calved in the last 12 months; first lactation and herd lactation
yield, respective average yields (kg) from the most recent 305-day lactation records; bTB status, whether the farm was currently under movement re-
strictions; days at grass, number of days heifers spent grazing (not housed)

Table 3. Results of multivariable linear regression analysis of cost of rearing pregnant heifers from conception to first calv-
ing according to age at first calving, days at grass, breed, calving pattern, herd size and region.

Variable
Age at first calving
Days at grass
Baseline
Holstein Friesian
Holstein x

Breed o
Friesian x

Other purebreds
Jersey
Baseline
Autumn
Multi block
Spring
Baseline
100 to 199
200 to 299
300 to 399
>400
Baseline
Far West
Mid West
Midlands
North
North West
Scotland
South
South East
Wales

Calving pattern

Herd size

Region

n
101
101
40
29
13
4

Coefficient
0.33
-1.75

-11.07
35.77
—62.68
—39.32
—92.81

—93.18
—23.35
—75.42

—96.14
—108.30
—141.55
—157.01

75.68
0.94
—4.01
—4.46
72.37
—7.63
62.55
—36.72
36.86

Std. Error

0.16
0.27

20.93
28.14
50.48
38.09
38.34

29.99
31.37
4531

29.32
32.94
36.20
46.01

51.11
52.02
47.80
4531
45.93
51.83
58.98
51.44
47.63

t P>t
2.01 0.05
—6.39 <0.0001

Holstein
—-0.53 0.599
1.27 0.208
-1.24 0.218
-1.03 0.305
—2.42 0.018
All year round

-3.11 0.003
-0.74 0.459
—1.66 0.100

0 to 99 cows
-3.28 0.002
-3.29 0.002
-3.91 <0.0001
-3.41 0.001

East

1.48 0.143
0.79 0.434
-0.08 0.933
-0.10 0.922
1.58 0.119
-1.15 0.883
1.06 0.292
-0.71 0.477
0.78 0.440

95% ClI
0.00 0.65

—2.29 -1.20
—52.75 30.62
—20.27 91.81
-163.19 37.84
—115.17 36.53
—169.15 —16.47
—152.91 —33.45
—85.81 39.11
—165.64 14.79
—154.53 —37.76
-173.89 —42.71
—213.63 —69.47
—248.62 —65.39
—26.08 177.45
—62.65 144.52
—99.20 91.18
—94.68 85.77
—-19.08 163.82
—110.82 95.57
—54.89 179.99
—139.16 65.71
—57.89 131.80
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4. Discussion

This is the last in a series of three papers which examined the economic costs of rearing heifers from birth to the
point of first calving under different UK management systems. In this paper we have assessed the costs of rear-
ing the heifer during her first pregnancy. Although published gestation lengths vary over a range 253 to 292
days, we have taken them as a fixed length of 274 days to simplify the calculations as precise gestation lengths
were not known when natural service had been used. We also did not account for embryonic/fetal losses during
pregnancy or abortions which are discussed below. The mean and median AFC in this study were 25.8 months
and 25.5 months respectively. These are similar to values reported in two previous datasets obtained from Eng-
lish and Dutch dairy farms which had means AFCs of 25.5 and 25.4 months respectively [8] [38]. Having a low
AFC of around 23 - 25 months reduces the total costs of rearing as the unprofitable period during which the hei-
fer is kept within the replacement herd is minimized [3] [39]. We show here that even though gestation length
was taken as a fixed length of time, the cost of rearing the pregnant heifer was £0.33 per day more for each extra
day by which AFC increased.

The other key factor influencing the expense of maintaining the pregnant heifer was the amount of time spent
at pasture, as the cost per animal decreased by £1.75 for every extra day at grass. The mean and median costs
per animal per day of feeding indoors were £1.43 £+ 0.35 and £1.35 whereas for grazing animals these figures
were only £0.26 + 0.12 and £0.24 respectively. Overall, purchased feed and homegrown forage contributed
32.7% * 10.2% to the total cost of rearing during gestation ranging from 12.5% to 59.4% between different
farms. If the cost of grazing was added this increased to 43.6% * 9.6% (range 27.5% to 61.9%). These figures
are much lower than those reported by Heinrichs et al. [40] in their study on heifer rearing in the USA where
feed accounted for on average 74.2% of total costs during gestation, ranging from 67.4% and 85.3%. No grazing
costs were given in the study or mention of time heifers spent at grass which could account for the large differ-
ence in costs if heifers were housed all year round. The American study also did not include other input costs
such slurry storage and building and machinery depreciation and maintenance. Slurry storage was the third
highest contribution to total cost in the present study (11.2%). Other differences between the studies may relate
to breed differences as in this study the costs of rearing smaller breeds such as Jersey were lower than for Hols-
teins, in part due to their lower feed requirements.

The mean cost per heifer of all feed during this period was £196.50 + 56.31 (range £95.56 to £ 442.48). In
contrast, Promar International [41] estimated a total feed cost during pregnancy of approximately £139 but they
only considered rearer concentrate which averages £250/tonne. Many farmers in our study introduced transi-
tional diets during the last few weeks prior to calving, with many blends and feeds included in the transition diet
averaging £500/tonne. DARDNI [42] estimated feed costs of £161 for autumn born heifers calving at 30 months
of age and £138.80 for autumn born heifers calving at 24 months. The cost of feed was lower in spring born
heifers calving at 24 and 27 months at £128 and £104 respectively. In our study the mean feed cost during this
period for spring calving herds was £145.18 and for autumn calving herds £165.12, comparable with the DARDNI
report. Both the DARDNI report and our study calculated similar costs of grazing in the second grazing season
of £42.00 and £44.36 per heifer respectively. The difference in feed cost between spring and autumn calving
herds is likely due to the length of time spent at grass during this period being 207 and 197 days respectively.

The amount of time that heifers spent housed during pregnancy ranged from 15 to 274 days with a mean of
106 days. Bedding and disinfection of heifer accommodation accounted for on average 6.5% and 0.1% of the
total cost of rearing for this period respectively. This compares to a mean contribution of bedding of 3.4%
(range 0% to 14.1%) in the study be Heinrichs et al. [40]. The removal of slurry and soiled bedding contributed
the most to the cost of housing at 11.2% of total costs, with electricity and building depreciation and mainte-
nance contributing 0.8% and 2.0% respectively. More than half of the farms surveyed (52.5%) used cubicle
housing for pregnant heifers with the remainder of farms electing to group house heifers. During the period from
conception to calving most farms turned heifers out to grass once confirmed in-calf, with heifers that are kept on
separate holdings post-weaning being returned to the home farm around 3 weeks prior to calving. Preparing
heifers for their first calving through good transition diet management and if necessary cubicle training reduces
any possible health problems during early lactation and aids their assimilation into the milking herd.

After feed, labour was the next main expense with a mean contribution of 23.8% + 8.9% to the total cost. The
large range in labour costs between farms (7.1% and 49.2%) was mainly a result of variations in the number of
heifers in the rearing herd and the number of staff caring for them. A large number of heifers with only a few
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members of staff responsible for their care resulted in a small labour cost being apportioned to each heifer. This
also in large part explained the impact of herd size on heifer rearing costs which was greatest in herds with less
than 100 milking cows. The lower value of labour input to total cost estimated by Heinrichs et al. [40] of 7.2%
(ranging from 1.8% to 11.2%) was probably due to the higher contribution of feed to total cost in their study and
the omission of some other input costs from the total, as discussed above.

The main health costs incurred during heifer pregnancy were for worming and ectoparasite treatments prior to
or after turnout or at rehousing which were given on nearly all farms (94%). A lower proportion of farms (76.2%)
administered at least one vaccination mainly for BVDV. Together these accounted for 3.8% of the total cost
(range 0% to 12.1%). This was again a higher proportion than in the study by Heinrichs et al. [40] which attri-
buted 0.6% of total expenditure during this period to health costs (range of 0% to 2.3%). We were unable within
this survey to assess the prevalence of different infections known to impact on heifer growth and pregnancy
maintenance. These include, for example, Fasciola hepatica, Neospora caninum and BVDV which all have a
high current prevalence on UK farms [43]-[45]. We have however reported in a previous survey of 17 farms that
2.7% of heifers initially confirmed in calf suffered from late embryonic/early fetal mortality while a further 1.5%
aborted between 188 - 257 days of pregnancy [2]. Any animal losing her pregnancy early has to be inseminated
again. The average cost of achieving an initial conception in our study was £58.47 [31] but heifer fertility falls
as animals age [46] so the costs may be more in this subset of animals. Assuming that they do conceive again,
the AFC is also inevitably increased and in our earlier study it was on average 32.2 months in the heifers which
lost their initial pregnancy [2]. As we show here a cost of £0.33 per day for each extra day, this equates to about
£84 if AFC is delayed from 24 to 32 months. In contrast heifers which abort late in gestation may start a lacta-
tion and so enter the milking herd at a relatively younger age. However there is no viable calf and milk produc-
tion is likely to be compromised, so these factors again carry an adverse economic outcome.

Limitations of the study are the small numbers of non-black and white breeds and different calving pattern
herds most especially spring block calving. A larger number of other purebreds and block calving herds would
enable some of the parameters to be refined thus reducing the large ranges for many of the variables. However,
this may not be representative of the current UK dairy population which is conventional, all year round calving
with black and white genetics.

5. Conclusion

The cost of rearing the pregnant heifer varied greatly from £153 to £784 in the 101 herds included in this study,
with a median of £447. The total cost was most strongly associated with the number of days at grass, AFC and
the calving pattern of the herd. It was lowest in spring calving herds which maintained an AFC close to 24
months and kept their heifers at pasture for most of gestation. While farmers need to minimise unnecessary ex-
penses it is also important for them to appreciate that the nutrition and health of the pregnant heifer affects not
only her productivity and survival time within the dairy herd, but also that of the calf which she is carrying. It is
therefore worthwhile to invest in sufficient feed to maintain heifer growth, to put in place preventative measures
for diseases which can reduce growth and fertility and to ensure good transition management to minimise prob-
lems around first calving.
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