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Some relationships between weights of growing heifers and their
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Abstract Studies have shown that rearing regimes
that result in heifers of heavier liveweights give
rise to greater subsequent lactation yields than those
regimes resulting in heifers of average liveweight.
Rearing heifers to heavier weights is more costly
because of additional management inputs and
reduced pasture utilisation. The objective of this
research was to quantify some relationships
between immature weights and subsequent milk
yields and compositions in each of the first three
lactations. Genetic and phenotypic correlations
between liveweights at 9, 15, and 21 months of age
(LW9, LW15, LW21) and lactation yields were
obtained from records on 2365 mixed breed dairy
cows. Genetic correlations between first lactation
yields of milk, fat, and protein (MY1, FY1, PY1)
and liveweights were all positive and ranged from
0.14 (LW9 and FY1) to 0.45 (LW15 and PY1).
Genetic correlations between weights and milk
and fat yields tended to be slightly lower at second
and third lactations as compared to first lactation,
but were associated with high standard errors.
LW15 had the highest genetic correlations with
yield traits for the three lactations. Phenotypic
correlations between liveweights and yields were
of similar size to the genetic correlations. The
effects of rearing management were estimated from
regressing average lactation yields of groups of
contemporary cows in subsequent years on average

liveweights of the same groups as immature heifers.
Average weights and yields were adjusted for
differences in genetic merit between groups before
regression analysis. Management that resulted in a
1 kg increase in LW15 caused a 6.7 litre increase
in MY1, 0.27 kg increase in FY1, and 0.18 kg
increase in PY1. Profit per lactation was estimated
to increase by $0.48 per kg increase in immature
weight.
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INTRODUCTION

Dairy farmers have options of rearing heifers on
their own property, or grazing them on contract.
Contracts guaranteeing achievement of heavier
weights at first calving are usually more costly
than regimes achieving average weights. One
rationale for dairy fanners paying premiums to
have heifers reared to heavier liveweights would
be the expectation that lifetime earnings from the
cow would increase. Lifetime earnings will be
influenced by the impact of rearing regimes on
productivity and reproductive success. Some studies
have suggested that productive benefits result from
rearing heifers to heavier weights (Cowen et al.
1974; Hietanen & Ojala 1995). In contrast, Bettenay
(1985) and Thomas & Mickan (1987) reported
little or no effect of heifer weights at mating or
calving on subsequent lactation yields.

In a group of contemporary replacements being
reared to first calving, heavier individuals within
the group could achieve higher production as a
result of positive genetic relationships between
weight and production, favourable environmental
relationships between weight and production, or a
combination of both genetic and environmental
influences. Farmers can exploit these effects by
selecting the superior individuals within the group.

This research quantifies some relationships
between weights of immature heifers and their
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subsequent productivity in each of three lactations.
Knowledge of these genetic and phenotypic
relationships would allow farmers to make informed
decisions as to the benefits of selecting a subset of
heifers before first calving, and to objectively
discriminate between alternative rearing regimes.

MATERIALS AND METHODS

Data
Data were obtained from the New Zealand Grazing
Company (NZGC) and Livestock Improvement
Corporation (LIC). The NZGC reared heifers on
contracted grazier farms from 9 to 21 months of
age (from 1 May until 30 April the following year).
Liveweights were recorded at about 9, 15, and 21
months of age (LW9, LW15, LW21). Breeds were
classified by NZGC using four classes—Friesian,
Jersey, Reds (mainly Ayrshires), and Cross-breds.
Management of heifers was according to NZGC
contractual obligations, and included drenching
animals at specified intervals with penalty clauses
for failing to achieve specified weights. Birth dates
and sire identifications were obtained from LIC,
along with subsequent herd locations, lactation
yields, and days in milk.

The data set contained 2365 records of heifers
born in 1987 representing progeny of 104 sires in
91 herds. Animals with unknown sire identification,
and missing values for weights or first lactation
yields were discarded. The breed composition for
first lactation cows was 36% Friesian, 34% Jersey,
15% Reds, and 15% Cross-breds. Table 1 gives
numbers of cows present at each lactation and their
average weights and lactational performances.

Table 1 Number of cows present at each lactation and
their average number of days in milk (dim), component
yields, and immature liveweights at 9 (LW9), 15 (LW15),
and 21 months (LW21) of age.

Traits

No. of cows
Dim (days)
Volume (litres)
Fat (kg)
Protein (kg)
LW9 (kg)
LW15(kg)
LW21 (kg)

1

1106
236

2723
133.7
98.9

175.9
263.4
369.5

Lactation number
2

918
213

2843
144.2
106.9
175.5
261.0
367.2

3

810
212

3319
169.3
126.2
177.1
265.1
371.7

Model equations
The following model equations were assumed for
analyses of weights and yields respectively:

ytjkl = U + b,- + Cj + Sk + Gtjki (1)

Zijki = n + b,- + Cj + (3dw + sk + Qijki (2)

where:
yijki = immature weight measured on the /th

daughter of the &th sire. This heifer belongs
to the z'th breed and/ h contemporary group

zijki = lactation yield measured on the Ith daughter
of the A* sire. This heifer belongs to the ;th

breed and/ h contemporary group
(j. = population mean
b; = fixed effect of ;th breed (i = 1, 4)
Cj = fixed effect of the/11 contemporary group (j

= 1,91)
(3 = covariate relating yield to days in milk

(Equation 2)
d/d = number of days in milk for the 7th daughter

oftheA^sire
sk = random effect of the ktb sire (k= 1, 104)
tijki = random residual term, unique to the /th

daughter of the kth sire
The contemporary groups were defined such

that heifers reared together and subsequently milked
in the same herd belonged to the same group.
Random effects were assumed to be distributed
according to a multivariate normal distribution,
with sire and residual effects being mutually
uncorrelated. Genetic relationships between sires
were ignored.

Genetic and phenotypic correlations
The model equations for weights and yields given
in Equations 1 and 2 were fitted in a multivariate
analysis using restricted maximum likelihood
techniques. The likelihood was maximised using
second derivatives approximated according to the
procedures in Johnson & Thompson (1995)
extended to multiple trait applications (AIREML;
Johnson 1994). Standard errors were obtained
directly from the estimated matrix of second
derivatives.

Genetic and phenotypic correlations between
the three immature weights (LW9, LW15, LW21)
and first lactation yields of milk, fat, and protein
(MY1, FY1, PY1) were obtained from an analysis
of six traits. Genetic and phenotypic correlations
between immature weights and later lactation yields
were obtained from a further three separate
analyses, involving six traits each. That is, immature


