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ABSTRACT. Serial data on live weights, height at withers and the
weight/height ratio of 263 cows (3 to 9 years old) and 196 heifers (2to 5
years old) were studied. The animals were of six red and white Hol-
stein-Friesian (HF)/Guzera crosses (1/4, 1/2, 5/8, 3/4, 7/8 and >31/32
HF-expected gene fraction). Separate analyses were performed for cows
and heifers using the Proc Mixed of the SAS package. Models included
the fixed effects of farm, season, reproductive and lactation status, two-
factor interactions, quadratic regressions on age and age x crossbred
group interaction, as continuous co-variables and regressions on the HF
gene fraction and on breed heterozygosity, plus the animal random ef-
fect. Only heifer growth in height and weight/height was linear with age.
In all three traits in both categories the individual additive-dominance
model explained the variation between crossbred groups. The breed ad-
ditive difference was not significant (P> 0.05) for cow and heifer live weight
and for heifer weight/age ratio. Heterosis was significant for all traits
except height of cows. Linear and quadratic regression coefficients for
cows, were, respectively, for live weight, 35.20 £ 5.23 kg/year and -1.54
+ 0.43 kg/year?, for withers height, 2.49 + 0.29 cm/year and -0.15 £ 0.02
cm/year? and for weight/height, 0.22 + 0.04 kg/cm/year and -0.01 +
0.003 kg/cm/year?. Corresponding values for heifers were, for live weight,
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153.46 £ 37.06 kg/year and -15.69 + 4.91 kg/year?, while only linear
coefficients applied to withers height (1.63 + 0.43 cm/year) and weight/
height (0.16 + 0.03 kg/cm/year).
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INTRODUCTION

Because a high proportion of feed in Brazilian dairy farms is required for maintenance,
cow live weight has a strong negative economic weight on farm profit (Vercesi Filho et al.,
2000; Martins et al., 2003). Descriptions of live weight changes with age are needed for deci-
sion making on planning, selection and crossing. Live weight gain in heifers mainly affects the
rearing costs of heifers. Thus, although juvenile and adult weights are biologically related, it is
convenient to study them separately for economic considerations and from this perspective
there is no need for a unique growth curve suitable for both categories but rather separate
curves may be preferable.

Linear size measurements reflecting skeleton growth are known to be less affected by
temporary environmental factors than is live weight, and have been used to describe growth
(e.g., Cartwright, 1979). The weight/height ratio is an indicator of body condition (Klosterman et
al., 1968; Nelsen et al., 1985) and has been proposed as a selection criterion to improve feed
efficiency (Mason et al., 1957).

Herd life in hybrid dairy herds in Brazil is generally very long (Lemos et al., 1996), so
changes in female size up to advanced ages are of interest, calling for polynomial rather than
asymptotic growth curves. Madureira et al. (2002) described crossbreeding effects on live
weight and height of heifers and cows, using data from a comprehensive project on strategies of
crossbreeding, in which heifers of six crossbred groups were distributed to 67 co-operator farms
for lifetime evaluation (Madalena, 1989, 1993). Here we concentrate on the relationships of
those traits with age.

MATERIALAND METHODS

Serial data on live weight, height at withers and the weight/height ratio of 263 cows and
196 heifers were studied (only 232 and 167 animals, respectively for height, as some were not
measured). The animals were of six red and white Holstein-Friesian (HF)/Guzera (Guz) crosses
(1/4,1/2,5/8, 3/4, 7/8 and =31/32 HF-expected gene fraction). The 1/4 cows were sired by 14
Guz bulls, the 5/8 by eight 5/8 bulls and the other four groups by (the same) 12 HF bulls.

Heifers were born at the Santa Monica Experimental Farm, State of Rio de Janeiro,
between March 1977 and December 1981. They were distributed to co-operator private farms
at mean age 22 months and mean weight 220 kg, for lifetime monthly milk recording. With a few
exceptions, each farm received a set of six contemporary heifers, one of each crossbred group.
The animals were managed according to each farm’s own criteria, with no interference from
the research team. The data of the present study were obtained from 50 farms, with easy
access, where the weights and heights could be recorded. Those farms were located in the
States of Minas Gerais, Sdo Paulo and Rio de Janeiro. Rationale and other trial details were
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described in previous publications (Madalena, 1989, 1993).

There were two portable scales (accuracy 200 g) located at EMBRAPA centers in the
States of Minas Gerais and Sdo Paulo. As a rule, dry cows and heifers were fasted for 16 h
before weighing (Madalena, 1964). Withers height was measured with a metric rod.

With some exceptions, the animals were weighed twice a year, between 1981 and 1987,
when the recording was stopped because of lack of funding, once in the dry season (April to
September) and once in the rainy season (the other months, but no weighing occurred in Janu-
ary and February). A summary of the available records is shown in Table 1.

Table 1. Ages and numbers of records on withers height in Holstein-Friesian/Guzera females.

Category Animals Age (year) Records per animal Total' records
Min  Max  Average Min Max  Average

Heifers 171 22 5.1 3.5 1 5 1.9 319

Cows 263! 3.0 9.2 5.7 1 11 5.6 1467

1232 cows with 1305 records and 135 heifers with 240 records.

For analytical purposes, farms were grouped in classes according to region and man-
agement similarity. Reproductive status was estimated by subtracting a standard 282-day gesta-
tion length from the calving date and the observations were grouped into five classes according
to status on day of weighing (first, second and third 92-day gestation period, empty and un-
known, for cows dead/sold before next calving). Four classes of lactation status were consid-
ered (up to 100, 101 to 200, >200 days in milk and dry). Separate analyses were performed for
cows and heifers using the Proc Mixed of the SAS package. Models included the fixed effects
of farm class of region-management, season at weighing, reproductive and lactation status (in
cows), season x reproductive status and season x lactation status interactions and polynomial
regressions on age (to the highest significant power) and age x crossbred group interaction, as
continuous co-variables and regressions on the HF gene fraction and on breed heterozygosity,
plus the animal random effect. The later two regressions estimate, respectively, the breed addi-
tive difference (g’, HF-Guz) and heterosis (#) (Dickerson, 1969; Madalena, 2001).

Different models were explored by dropping nonsignificant (P > 0.05) polynomial age
regression terms and age x crossbred group and other interactions. The goodness of fit of
models was assessed by the likelihood ratio test using the profile likelihood (Littell et al., 1996;
Vonesh and Cinchilli, 1997) and by examining the regressions of residuals on age. The goodness
of fit of the additive-dominance model was assessed by comparison with a model in which the
crossbred group classification substituted for the g~/ regressions, and whenever the likelihood
ratio test was significant, by an analysis of variance of the crossbred classification effects on
the residuals of the regression model. Once a model was decided upon, it was re-run using
restricted maximum likelihood to obtain the final estimates. The Satterthwite option was used to
obtain the denominator degrees of freedom for F-tests of fixed effects (Littell et al., 1996).

For a matrix Y of j weights on i animals, the linear mixed model was Y=XB + Zu + e,
where B represents the vector of fixed effects and u the vector of random animal effects, X
and Z being incidence matrixes, u~MVN (0,G), e~sMVN (0,R) and V(Y) = ZGZ  + R. A
spatial co-variance structure (SP (pow)) and a compound symmetric (CS) for R were com-
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pared according to the Akaike’s information criterion and the Schwarz’s Bayesian criterion,
using restricted maximum likelihood (Littell et al., 1996).

RESULTS

The CS co-variance structure had slightly better fit for all three traits on both categories
than did SP and was adopted for all models.

The interactions of crossbred group x age were not significant for any trait in both
categories (P > 0.05) and were removed from the models. Quadratic curves for age were suffi-
cient to explain growth of all three traits of cows and of live weight of heifers, while heifer
growth on height and weight/height was linear with age. The corresponding regression coeffi-
cients are in Table 2.

Table 2. Regression coefficients (b) and standard errors (SE) of growth curves in Holstein-Friesian/Guzera females.

Weight (kg) Height (cm) Weight/height (kg/cm)
b SE b SE b SE
Cows
Intercept 253.36 27.70 12588  2.12 2.04 0.20
Age, linear (per year) 35.20 5237 249  0.29" 022  0.04"
Age, quadratic (per year?) -1.54 0.43™" -0.15  0.02"" -0.01  0.003™"
g! (per unit HF gene fraction) 4.62 13.68 -9.86  1.15" 026  0.09"
K (per unit breed heterozygosity) 55.03 10.96™"" - - 039  0.07"
Heifers
Intercept 35.09 71.06 122.40 3.10 1.89 0.24
Age, linear (per year) 153.46"™""  37.06 1.63  0.43™ 0.16  0.03
Age, quadratic (per year?) -15.69"" 491 - - - -
g'in F /B (per unit HF gene fraction) 6.35%  18.83 879 2.097" 022 0.15%
h'F /B (per unit breed heterozygosity) ~ 101.78™""  17.61 452  2.00" 0.63  0.14"

P > 0.05, *P < 0.05, ***P < 0.001, ****pP < 0.0001. HF = Holstein-Friesian.

In all three traits in both categories the individual additive-dominance model explained
the variation between crossbred groups, as reported by Madureira et al. (2002). The g’ regres-
sion was not significant for live weight of cows and for live weight of heifers and for their
weight/age ratio (Table 2). Heterosis was nonsignificant only for height of cows. The effects of
season, lactation and reproductive status are not discussed as the focus was on age relation-
ships, but they are shown in the Appendix.

The quadratic growth curves for the three traits in cows are depicted in Figure 1 and
curves for heifers in Figure 2.

The maxima of these curves corresponded to ages 11.4, 8.3 and 12.4 years, respec-
tively, for live weight, withers height and the weight/height ratio, with corresponding values
shown in Table 3 for each crossbred group. However, only the height maximum was within the
actual range of ages studied. Oliveira et al. (1994) reported an asymptotic weight of 455 kg for
stud Guz cows, but the maturing rate was lower than in the present study. Perotto et al. (1977)
reported estimated asymptotic maxima of 484 and 480 kg for F and 3/4 HF-Guz, which were
higher than those in our study.
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Figure 1. Growth curves of cows of six Holstein-Friesian gene proportions.
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of heifers of six Holstein-Friesian gene proportions.
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Table 3. Estimated cow traits at specified ages.

HF gene Weight (kg) Height (cm) Weight/height (kg/cm)
proportion

3years 9years 11.4 years' 3 years 9years 8.3 years! 3 years 9 years 12.4 years!

0.250 369 469 478 129 134 134 2.8 35 3.6
0.500 398 498 506 127 132 132 3.1 3.8 3.9
0.625 385 485 493 126 130 130 3.0 3.7 3.8
0.750 372 472 480 125 129 129 29 3.6 3.8
0.875 358 458 467 124 128 128 29 3.6 3.7
1.000 345 445 454 122 127 127 2.8 3.5 3.6

'Ages at maxima of quadratic growth curves (11.4, 8.3 and 12.4 years for live weight, withers height and weight/height,
respectively). HF = Holstein-Friesian.
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Appendix A-I. Class effects and standard errors (SE) in cows.

Weight (kg) Height (cm) Weight/height (kg/cm)
Effect SE Effect SE Effect SE

Days in milk

<100 5.5 4.9 0.6 0.3 0.02 0.04

101 to 200 -4.8 4.5 0.4 0.3 -0.04 0.04

>200 -12.9 4.2 -0.4 0.2 -0.09 0.04

Dry 0 - 0 - 0 -
Days pre-calving

>282 2.9 5.7 0.2 0.3 0.03 0.05

189 to 282 16.4 6.1 0.2 0.4 0.13 0.05

95 to 188 41.1 6.2 0.8 0.4 0.30 0.05

<95 48.0 6.5 0.5 0.4 0.36 0.05

Unknown 0 - 0 - 0 -
Season

Oct to Mar -24.0 6.6 0.7 0.4 -0.17 0.05

Apr to Sep 0 - 0 - 0 -

Appendix A-II. Class effects and standard errors (SE) in heifers.

Weight (kg) Height (cm) Weight/height (kg/cm)
Effect SE Effect SE Effect SE

Days pre-calving

>282 -13.2 7.7 -0.5 0.8 -0.2 0.1

189 to 282 10.6 8.6 0.8 0.8 0.00 0.1

95 to 188 35.7 8.4 1.5 0.8 0.2 0.1

<95 432 8.1 1.6 0.7 0.3 0.1

Unknown 0 - 0 - 0 -
Season

Oct to Mar -34.8 4.4 0.4 0.4 -0.3 0.03

Apr to Sep 0 - 0 - 0 -
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