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SUMMARY

Data used in this study comprised 2730 lactation records for 850 Holstein cows
sired by 316 sires. Holstein cows belonging to a commercial farm. The objectives
were to estimate the heritability and genetic and phenotypic correlations of some
lifetime and longevity traits of Holstein cows. Traits studied were total lifetime milk
(TLM), productive life or longevity (Plife), age at disposal or lifetime (Cull age),

average calving interval (CIAV), and longevity index (LI, %).

The mean of TLM, Plife, Cull age, CIAV and LI were 26935 Kg, 47.5 month, 74.8
month, 508.5 day and 51.5%, respectively. The heritability estimates for these traits
were 0.24, 0.18, 0.18, 0.12 and 0.17, respectively. The genetic and phenotypic
correlations between TLM and Plife and Cull age and LI traits were positive and
greater than 0.75. The genetic correlations between CIAV and other traits were
negative.
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INTRODUCTION

Longevity is the second most important trait after milk production used in
selection indices all over the world. It is an easy trait to record. One common way to
measure longevity is length of productive life, the time from first calving to culling or
death of a cow. Increased longevity reduces the direct costs of raising or purchasing
replacement females (Forabosco et al., 2004).

Longevity is a large contributor to the profitability of a dairy farm. However,
longevity is a complex trait and is a function of a large number of factors, namely the
milk yield potential, the fertility and health of the animal as well as the physical and
management characteristics of the cow (Berry et al., 2005). Longevity is a measure
of the success of the cow to survive both voluntary and involuntary culling (Vollema
and Groen, 1996). Longevity is of major economic importance in dairy cattle
(VanRaden and Wiggans, 1995).

The ability to both produce and reproduce for many years is a desirable
characteristic in dairy cattle, since it takes from one to three years of production for a
dairy cow to repay her cost of rearing. Beyond that period, milk revenue over direct
costs becomes gross profit. A long productive life is financially beneficial and also
allows selection of more offspring of the better producing animal (Hogue and
Hodges, 1980).

Genetic improvement in dairy cows have led to animals that produce significantly
greater yields in a lifetime, therefore there is increase in the total lifetime number of
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days in milk. Genetic selection for high production has been accompanied by a
reduction in fertility (Dematawewa and Berger, 1998 and Royal et al., 2000). In the
USA few Holstein cows survive beyond their fifth parity, as a result their average
lifetime number of parities has decreased over the past 20 years from 3.4 to 2.8
(Tsuruta et al., 2005).

The objectives of this study were to estimate the heritability, genetic and
phenotypic correlations of some lifetime and longevity traits of Holstein cows in a
commercial farm in Egypt.

MATERIALS AND METHODS

Data included 2730 lactation records for 850 Holstein cows sired by 316 sires.
Data were collected from a commercial farm (International Company for Animal
Wealth), located at Giza Governorate in Egypt. The records were taken during the
period from 1989 to 2004.

Most of the cows were imported as pregnant heifers from USA. Cows were
artificially inseminated at the third estrus observed after parturition using frozen
semen imported from USA and Canada. All cows were machine milked according to
their productivity.

Months of birth were grouped into four seasons, winter (December- February),
Spring (March - May), summer (June- August) and autumn (September - November).
Year of birth was classified into four groups (1= 1989-1992, 2= 1993 - 1996, 3=
1997 - 2000, and 4= 2001 - 2004).

Definitions and notations of some lifetime and longevity traits are given below:

1 -Total lifetime milk (TLM, Kg) = including production to the end of each
lactation,

2 - Productive life or longevity (Plife, months) = the period from first calving to
disposal from farm,

3 - Age at disposal or lifetime (Cull age, months) = the time between birth date
and disposal date,

4 - Average calving interval (CIAV, months), and

5 — Longevity index (LI, %) = calculated as the cow’s lifetime days in milk
divided by its longevity, expressed as a percentage. The LI can be considered as a
measure of the cow’s lifetime efficiency, that is, the proportion of her days spent
producing milk.

Statistical analysis:

The data were analyzed using SAS (2004) to investigate any effect of year and
season of birth and age at first calving on some lifetime and longevity traits of
Holstein cows. The following statistical model was used:

Yija = 1 + YB+SBjtbxjtein,  (A)
Where,
Yiju = lifetime and longevity traits,
p = the overall mean,
YB; = the fixed effect of the i year of birth (i=1, 2, 3, 4),
SB; = the fixed effect of the jth season of birth (j=1, 2, 3, 4),
b = the regression coefficient of lifetime and longevity traits on age at
first calving,
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Xijx = the deviation of the age at first calving from its mean, as a co-variable, and
€iji = random error term.

Estimates of heritability of lifetime and longevity traits were estimated using
VCE 6.0.2 software (Groeneveld et al., 2008). The following statistical model was
used:

Yijim = 1 + YBi+SBitbxjptArtejum  (B)
Where,
A= Animal’s random additive genetic effect. The rest of the model (B) was the same
as in the model (A).
Also, phenotypic and genetic correlations were estimated by VCE 6.0.2 software
(Groeneveld et al., 2008).

RESULTS AND DISCUSSION

Coefficient of determination (R?), and level of significance (P<) of factors
affecting lifetime and longevity traits are shown in Table 1. This Table shows the
coefficient of determination (R”) for the full model, which is a measure of the
proportion of total variability accounted for by the effects in the model. The value of
R? ranged from 0.03 for CIAV to 0.25 for LI trait. These estimates of R” indicated the
relatively small importance of these effects include in the statistical model, in
determining the total variability of all studied traits except LI trait.

Significance of each effect was judged from the F-ratio (P<, Table 1). The effect
of year of birth was highly significant for all traits, which is in agreement with
Alhammad (2008). The effect of season of birth was not significant for all traits
except CIAV (P< 0.0002). Also, the effect of age at first calving as a co-variable was
highly significant except for Cull age and CIAV traits.

Table 1. Coefficient of determination (R?), and level of significance (P<) of
factors affecting lifetime and longevity traits of Holstein cows

Source of variation df P<

TLM Plife  Cullage CIAV LI
Year of birth 3 <0.0001 <0.0001 <0.0001 <0.0428 <0.0001
Season of birth 3 0.5293  0.7175  0.6834 <0.0002 0.4761
Age at first calving 1 0.0058  0.0019  0.2685  0.6475 <0.0001
R’ 0.15 0.17 0.16 0.03 0.25

Table 2 shows arithmetic means (X), standard deviations (SD) and coefficients of
variation (CV%) of lifetime and longevity traits of Holstein cows. The mean of TLM
in this study was 26935 Kg. This estimate was higher than that found by Honnette et
al., (1980a & 1980b), Hoque and Hodges (1980), Jairath et al. (1994) and Atil and
Khattab (1999) but lower than reported by Alhammad (2008).

The average of productive life trait (Plife) was 47.5 months. This value falls
within the range (27.3 to 78.7month) reported in the literature (Hargrove et al.; 1969,
Honnette et al. 1980a &1980b; Hoque and Hodges ,1980; Jairath et al., 1994 ; Atil
and Khattab ,1999); Hare et al. ,2006; Ajili et al., 2007 and Alhammad , 2008). The
mean number of lactations completed (NLC) was 3.2. This estimate was higher than
estimates in some studies (2.56 lactation, Jairath et al.,1994 and 2.6 lactation, Ajili et
al., 2007) and almost the same to Hoque and Hodges, 1980 (3.3 lactation). In other
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studies the means of NLC were higher than estimated in this study (5.26 lactation,
Atil and Khattab, 1999 and 5.5 lactation, Alhammad, 2008).

Table 2. Arithmetic means (X), standard deviations (SD) and coefficients of
variation (CV%) of lifetime and longevity traits of Holstein cows

Trait X SD CV%
TLM, Kg 26935 10970 41.0
Plife , month 47.5 18 37.5
Cull age , month 74.8 18 23.8
CIAV, days 508.5 121.7 23.9
LI % 51.5 7.1 13.8

Mean of Cull age (lifetime) was 74.8 month as shown in Table (2) and
comparable to Hoque and Hodges, 1980 (72 month). Alhammad (2008) found that
mean of lifetime trait was 105.3 month. The difference between Cull age and Plife
trait is the age at first calving (26.7 month), which remains relatively constant.

The average of calving interval was 508.5 day. The present mean of CIAV is
higher than that reported by Nigm et al. (429 day; 2006), Ajili et al. (427 day; 2007)
and Alhammad (439 day; 2008). The calving interval is traditionally considered the
main fertility indicator during the productive life of dairy cattle INTERBUUL,
2007). The CI is easily recordable as the time between two subsequent calving and is
less affected by data quality issues than other fertility traits (Pryce et al., 2000). This
results in a number of unfavorable features for CI (e.g. CI is available only for the
most fertile cows that calve two or more times; it is not an early measure of fertility;
and it is not an adequate selection tool for breeding organizations as a selection tool).

Mean of longevity index (LI %) was 51.5. The index expresses the efficiency of
an individual cow in terms of the proportion of its total life it spent producing milk
(Haworth et al., 2008).

Coefficients of variation of some lifetime and longevity traits as shown in Table 2
were ranged from 41% of TLM to 13.8% of LI.

The differences between our results and those reported by other researchers could
be due to differences in climatic and management conditions, number of records used
in the study and affecting factors considered in the statistical model.

Estimates of heritability and their standard errors of some lifetime and longevity
traits of Holstein cows are presented in Table (3). The estimate of h? of TLM is 0.24,
which is in accordance with the estimate of Gill and Allaire (0.25; 1975), Atil and
Khattab (0.24; 1999), Daliri et al. (0.25; 2008). The estimate of h® was higher than
the range of estimates in other studies (0.11; Hoque and Hodges (1980) to 0.13;
Jairath et al., 1994).

The estimates of heritability of productive life (Plife) and lifetime (Cull age) were
similar (0.18). These estimates were higher than estimates in the literature (Hargrove
et al., 1969; Hoque and Hodges, 1980; Jairath et al., 1994; Alhammad, 2008 and
Daliri et al., 2008).

A heritability estimate of 0.12 was obtained for CIAV (Table 3). Dong and Van
Vleck (1989) reported heritability for calving interval of 0.15. Several estimates
reported were lower than 0.1 (Campos et al., 1994; Pryce et al., 2000; Ojango and
Pollott, 2001 and Dal Zotto et al., 2007). The heritability estimate of LI % was 0.17
(Table 3). No previous estimates for this trait were found in the literature.
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Table 3. Estimates of heritability (h?) and their standard errors (SE) of some
lifetime and longevity traits of Holstein cows

Trait h’ SE
TLM, Kg 0.24 0.08
Plife , month 0.18 0.08
Cull age , month 0.18 0.08
CIAYV, days 0.12 0.07
LI, % 0.17 0.07

Vollema and Groen (1996) suggested that when longevity traits were used in a
breeding program, heritability estimates should be from a population that resembles
the population in the breeding program. Also, other recommendations are to use the
most recent data possible and to reestimate heritabilities over time. If population
dynamics change, estimation of heritabilities that will hold for future generations is
impossible, especially for longevity traits, which are measured later than milk
production and conformation traits.

Genetic and phenotypic correlations between some lifetime and longevity traits
are shown in Table (4). The genetic and phenotypic correlations between TLM and
each of Cull age and LI traits are positive and greater than 0.753. The genetic
correlations between CIAV and other traits were negative. But the phenotypic
correlation among CIAV and TLM was small and negative, indicating that a
substantial antagonism between high yield and fertility exists.

The genetic correlations were higher than the phenotypic correlations, being
similar to literature results (Short and Lawlor, 1992; Chauhan et al., 1993; Vollema
and Groen, 1996; Atil and Khattab, 1999 and Alhammad, 2008). Both genetic and
phenotypic correlations between TLM and longevity traits, namely, productive life,
culling age and longevity index were > 0.826. High genetic correlations between
TLM and Plife and cull age traits (0.899 and 0.902, respectively) indicate that older
cows were also genetically the high producers.

The genetic and phenotypic correlations between Plife and Cull age were almost
one (0.999), being similar to Hoque and Hodges (1980). They reported that high
genetic correlations between lifetime and longevity traits suggest that they essentially
measure the same trait and one of these measures, total lifetime milk, will measure
lifetime performance and longevity.

Table 4. Genetic (above diagonal) and phenotypic (below diagonal) correlations
among lifetime and longevity traits of Holstein cows

Traits TLM Plife Cull age CIAV LI

TLM 0.899 0.902 - 0.687 0.882
Plife 0.887 0.999 -0.711 0.761
Cull age 0.886 0.999 -0.711 0.760
CIAV -0.010 0.063 0.063 -0.571

LI 0.826 0.754 0.753 0.092
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CONCLUSIONS

The interest in implementing longevity trait in the breeding goal for the Holstein
population in Egypt is mainly due to the need of dairy farmers to have cows with
higher economic efficiency. Interpretation of lifetime production and longevity in
more detail is difficult because the reasons for disposal are not recorded routinely.
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