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ABSTRACT

The aim of this study was to evaluate the effect of
herd environment class on the genetic and phenotypic
relationships of mature equivalent milk yield (MY) on
age at first calving (AFC). Data analyzed were 248,230
first parity records of Holstein cows, daughters of 588
sires in 3,042 herds in the United States. Heritability
for AFC was 0.33 = 0.01 and 0.20 £ 0.01 in high and
low environment herds, respectively, and 0.47 + 0.01
in the complete data set. The correlation between AFC
sires’ predicted breeding values of low and high classes
was 0.69. Genetic correlations between MY and AFC
were —0.52 + 0.02 and -0.31 £ 0.03 in high and low
environment herds, respectively, and —-0.44 + 0.02 in
the complete data set representing intermediate envi-
ronments. If selection is based on the whole data set,
expected correlated responses for AFC estimated as a
result of 1,000 kg of genetic gain in MY, for high and
low herd environment herds were —26.1 and -15.3 d,
respectively, and —32.6 for the complete data set; hence
the highest reduction in AFC occurs in intermediate
environment herds. Different estimates of the heritabil-
ity of AFC, the correlation between AFC breeding val-
ues of low and high classes as well as changes in the
genetic correlation between MY and AFC across envi-
ronments indicate genotype x environment interaction.
Caution in interpretation is warranted because genetic
relationships are dynamic, especially in populations un-
dergoing selection. Current relationships may differ
from those during the time period of the present study
(1987-1994). Notwithstanding this possibility, methods
and findings from the present study provide insight
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about the complexity of genetic association and geno-
type X environment interactions between AFC and MY.
Key words: dairy cattle, age at first calving, milk yield,
genotype X environment interaction

Age at first calving (AFC) determines the beginning
of the cow’s productive life and influences her lifetime
productivity (Ojango and Pollott, 2001). It has been
proposed that AFC between 22 and 24 mo is optimal
to minimize dystocia and to obtain adequate milk yield
in first lactation (Hoffman, 1997). The AFC at younger
ages reduces rearing costs, but milk yield depends on
AFC, although the former effect diminishes in time.
Hoffman et al. (1996) found that calving earlier than
22 mo of age had a negative influence on milk yield.
Based on milk yield returns and rearing costs at differ-
ent AFC, Nilforooshan and Edriss (2004) found that
AFC of 23 to 24 mo was more profitable than 21 to 22
mo. Although AFC affects milk yield of cow and herd
level, little attention has been paid to the study of ge-
netic associations between these traits.

Genotype X environment interaction has been ob-
served for milk yield (Cienfuegos-Rivas et al., 1999;
Costa et al., 2000; Hayes et al., 2003), for protein and
fat yields (Castillo-Juarez et al., 2002; Hayes et al.,
2003), for the genetic association of milk yield with
protein and fat yields (Castillo-Juarez et al., 2002; Raf-
frenato et al., 2003), as well as for fitness traits and
their association with milk yield (Roxstrém et al., 2001;
Calus et al., 2005; Windig et al., 2005; Beerda et al.,
2007). The aim of this study was to evaluate the poten-
tial for genotype x environmental interaction for AFC
and its relationship with mature equivalent milk yield
(MY) in Holstein cows using complete information rep-
resenting an intermediate herd environment and from
2 extreme herd environmental classes for milk.

The Animal Improvement Programs Laboratory of
the USDA provided the data for this study. A total of
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Table 1. Means, SD, and number of records for variables in the complete data set and in low and high herd
levels, with herds classified based on mean and herd SD mature equivalent milk yield

Complete data set

Low level herds High level herds

Variable Mean SD n Mean SD n Mean SD n
Age at first calving (d) 821 100 248,230 867 106 41,355 793 88 87,090
Mature equivalent milk (kg) 9,916 1,944 248,230 8,450 1,448 41,355 10,821 1,946 87,090

248,230 US Northeast DHI Holstein records from cows
calving from January 1987 to December 1994 remained
after edits, representing 588 sires in 3,042 herds. First
lactation records including date of calving, cows with
AFC between 18 and 36 mo, and MY were kept. Editing
details and herd classification procedure into low or
high level environments for MY (based on herd-year-
season combination of mean and SD for MY) were pre-
sented in Castillo-Juarez et al. (2000). High and low
level represented the upper and lower quartile, respec-
tively; hence 50% of the herd-year-season records were
excluded from the analysis when comparing herd envi-
ronments, but the complete data set was also analyzed.
Means and SD for AFC and MY are presented in Table
1. The current mean AFC for US Holstein, near to 24
mo (Hare et al., 2006), is about 2 to 3 mo younger than
during the timeframe of data from the present study.
The current mean MY has increased 1,977 kg to 11,893
kg (Animal Improvement Programs Laboratory, 2007).

Mean number of records per sire, the number of herds
and herd-year-season of calving classes for the complete
data set and for the 2 data sets including high and
low environments are shown in Table 2. The potential
differential use of sires within environmental classes
was evaluated by weighting sire PTA from the complete
data set by the number of daughters in each class and
comparing the means using a Student’s ¢-test. Daughter
frequencies in the 2 classes were compared using a
x2 test.

The model used to estimate (co)variance components
was a bivariate linear mixed sire model. In matrix nota-
tion Y = X3 + Zu + e, where X is a known indicator

Table 2. Mean number of daughters per sire, and number of herds
and herd-year-season (HYS) of calving classes for the complete data
set and for the data sets with low and high level environment herds,
with herds classified based on herd mean and herd SD of mature
equivalent milk!

Daughters per sire Number of
Data set Mean SD Herds HYS Records
Complete 422.2 722.4 3,042 63,416 248,230
Low level herds 70.3 125.0 766 14,158 41,355
High level herds 148.1 253.5 759 17,793 87,090

INumber of sires = 588.

matrix accounting for the fixed effects of herd-year-
season of calving, 3 is the unknown vector of fixed ef-
fects of herd-year-season of calving, Z is a known indica-
tor matrix associating sire effects to the vector of obser-
vations Y, u is the vector of unknown random sire ef-
fects, and e is the vector of residual random effects.
Traits studied were AFC and MY. The same bivariate
linear sire model was used to estimate the genetic corre-
lations between the same trait in the 2 herd environ-
ment classes. This sire model was used for the following
analyses: a) complete data set, b) low yield environment
class, ¢) high yield environment class, and d) low and
high environment classes combined. These analyses
were performed to estimate the genetic (co)variance
structure in the entire population (a), to estimate the
genetic (co)variance structure within environment class
(b) and (c), and using the likelihood ratio test (LRT) to
compare a model with 4 (co)variances vs. a model with 8
(co)variances, 4 for each environmental class. Variance
components were estimated using MTDFREML soft-
ware (Boldman et al., 1995). The correlated response
to selection was estimated as the regression of the ex-
pected breeding values of AFC on breeding values of MY
within and across environments. Similarly, correlated
responses to selection of MY on AFC were also cal-
culated.

Two approaches were considered to compare the ge-
netic (co)variance structures, heritabilities, and genetic
correlations between low and high environment herds
for the traits and time period studied. First, a LRT was
used to compare the 2 G, matrices from low and high
environment classes. A significant test implies that 2
separate models better describe the genetic variation
than a single model (i.e., there are 2 G, matrices); and
that there is evidence for genotype x environment inter-
action. Second, approximate standard errors for herita-
bilities and genetic correlation were calculated (Robert-
son, 1959; Swiger et al., 1964) and used to assess differ-
ences between these parameters in high and low
environment herds.

Heritabilities, genetic and phenotypic correlations,
and variance components for the complete data set and
according to herd class are shown in Table 3. The esti-
mated heritability for AFC was high and larger for the
complete data set than estimates obtained from the low
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Table 3. Heritabilities of age at first calving (AFC), genetic and phenotypic correlation with mature equiva-
lent milk yield (MY) and the variance components for AFC, for the complete data set and the 2 data sets
including low and high level environment herds, with herds classified based on herd mean and herd SD of

MY!

Item Complete data set Low level herds High level herds
Heritability 0.474 (0.012) 0.195 (0.010) 0.329 (0.012)
Genetic correlation -0.443 (0.019) —-0.309 (0.028) —-0.523 (0.019)
Phenotypic correlation -0.111 -0.056 -0.130

Sire variance 685.70 309.43 405.33
Environmental variance 5,105.90 6,046.12 4,527.13

!Approximate standard errors are given in parentheses.

and high herd environment classes. This resulted from
a reduction in the sire variance and an increment in
the environmental variance in the low-level herd class
compared with the complete data set. Both variances
were reduced in the high-level herd class, but the reduc-
tion in the sire variance was greater than that observed
in the environment variance. A larger environmental
variance in lower herd environments might be associ-
ated with less stringent management regarding age
and BW at first insemination. In fact, AFC in the low
herd environment was 74 d more than in high herd
environment. The heritability for AFC differed between
low and high herd levels (P < 0.01). The heritability
estimates from both herd level classes and the complete
data set were similar to those in previous reports (0.22;
Allaire and Lin, 1980), (0.16; Moore et al., 1992), (0.38;
Ojango and Pollott, 2001). However, other studies found
heritability estimates less than 0.10 (Moore et al., 1991,
Méntysaari et al., 2002) with values as small as 0.02
(VanRaden and Klaaskate, 1993).

The phenotypic correlations between AFC and MY
were small and negative for the complete data set
(=0.11) and also in both herd level classes, slightly lower
in the high level herd class (—0.13) than in the low level
herd class (-0.06). The phenotypic correlation between
AFC and MY in other studies has been estimated incon-
sistently as small and negative (—0.20; Ojango and Pol-
lott, 2001), (-0.09; Nilforooshan and Edriss, 2004), and
small and positive (0.16; Moore et al., 1991). According
to results from Ojango and Pollott (2001), early-matur-
ing heifers are better milk producers. This may be re-
lated to the association between puberty and BW. Heif-
ers with high genetic potential for growth or those
reared in herds with better nutritional management
reach puberty sooner, are mated earlier, and calve at
younger ages. Hence, AFC performance is heavily in-
fluenced by management inputs. Less variation in AFC
is expected when calvings are planned for a particular
season or specific period of time.

The genetic correlations between AFC and MY were
negative regardless of herd level. The genetic correla-
tions were —0.44 in the complete data set, —0.31 in the
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low-level herd class, and —0.52 in the high-level herd
class (LRT, P < 0.001). These estimates are slightly
larger than those in previous reports for Holstein cows
that ranged from —0.20 to —0.33 (Moore et al., 1991;
Pirlo et al., 2000; Mantysaari et al., 2002; Cienfuegos-
Rivas et al., 2006), although positive genetic and pheno-
typic correlations between AFC and MY also have been
reported in New Zealand Holstein cows (Grosshans et
al., 1997) under grazing conditions with a controlled
breeding season. Hodel et al. (1995) found that primipa-
rous calving after 32 mo of age had poorer subsequent
fertility compared with those calving at younger ages.
On the other hand, too early calving (<22 mo) carries
negative consequences like dystocia associated with
lighter BW at calving (Thompson et al., 1983), reduced
fertility (Studer, 1998), milk fever, mastitis (Erb et al.,
1985), low milk yield (Hoffman et al., 1996) and, in
general, a low tissue reserves (Thompson et al., 1983).

The observed correlations in the complete data set
were within the range of the estimated correlations
in both herd level classes. The different heritability
estimates for AFC and the changes in the genetic corre-
lation between AFC and MY in the 2 herd level classes
indicate the existence of genotype x environment inter-
action. Moreover, the correlation between AFC pre-
dicted breeding values from low and high environment
herds was 0.69. Although not a genetic correlation, this
result supports the findings of Cerén-Mufioz et al.
(2004) who estimated a genetic correlation of 0.78 for
AFC between Brazilian and Colombian herds, indicat-
ing differences in sire ranking consistent with a geno-
type x environment interaction. Cienfuegos-Rivas et al.
(2006) found that the genetic covariances between milk
yield and AFC were negative within Mexico and the
United States and positive between countries.

The correlated response for AFC to selection for MY in
both herd level classes was smaller than that estimated
from the complete data set (Table 4) representing an
intermediate herd environmental level. Therefore, a
nonlinear association of heritabilities estimates across
environments was indicated. Data from a large herd of
Jersey cattle in Kenya, which may represent a re-
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Table 4. Expected correlated responses for age at first calving (AFC) in days as a result of 1,000 kg of
genetic gain in mature equivalent milk yield (MY), and expected correlated responses for MY in kilograms
as a result of a 1-d genetic reduction in AFC, when selection is practiced within and across environments®

MY? AFC?
AFC? MY?
Selection on class

Complete Complete
Response in class Low High data set Low High data set
Low -27.0 (2.0) -32.9 (2.8) -41.9 (3.8) 7.7 (0.6) 16.2 (1.1) 14.6 (1.0)
High -14.4 (1.0) -26.3 (1.2) -31.1 (1.7) 5.0 (0.4) 15.8 (0.7) 13.3 (0.7)
Complete data set -15.3 (1.1) -26.1 (1.3) -32.6 (1.9) 3.5(0.3) 10.4 (0.6) 9.2 (0.5)

IStandard errors in parentheses.
Trait selected.
3Response trait.

stricted environment, showed an annual genetic reduc-
tion in AFC of only 0.5 d (Musani and Mayer, 1997).
Results from the time period of this study indicated
that heifers maturing at younger ages are better milk
producers. Selection for MY would be expected to reduce
AFC and, hence, to also reduce the rearing costs of
replacement heifers. It is likely that management is
the main reason for the observed differences between
the herd level classes, as defined in this study. The
favorable correlated response in AFC to selection for
MY may be smallest in the low-level herd class, but
results from the complete data set suggests that this
favorable association is highest in intermediate herd
environments. This outcome is in agreement with the
findings of Windig et al. (2006) who noted that improv-
ing management does not invariably affect the genetic
association between production and fertility traits. The
larger heritability value for AFC obtained from the com-
plete data set compared with within herd level class
analyses (Table 3) indicated a nonlinear association of
the genetic variation for AFC across herd level classes.
Such spurious outcomes could arise if many sires were
used exclusively in different herd level classes. How-
ever, there was no evidence for differential use of sires
within the environmental classes in this study (P >
0.25). Based on the expected correlated response, re-
sults from the present study indicate improved genetic
and phenotypic associations between AFC and MY
through better management, but with an intermediate
optimum. Hence, if selection is based on MY, evidence
from this study suggests that the magnitude of corre-
lated change in AFC is expected to vary with herd envi-
ronment class. Of course, caution is warranted because
genetic relationships are dynamic, especially in popula-
tions undergoing selection. Current relationships may
differ from those during the time period of the present
study (1987-1994). Notwithstanding this possibility,
methods and findings from the present study provide

insight about the complexity of genetic association and
genotype by environment interactions between AFC
and MY.
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