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ABSTRACT

This study evaluated animal longevity according to age at first calving of pure and
triple-cross dairy cows in an establishment in Entre Rios, Argentina. Retrospective data
from 1.498 dairy cows between 2012 and 2021 were analyzed, belonging to a commercial
establishment in the center-west of Entre Rios province, Argentina. Analyzed cows were
those discarded (due to sale or death) and with records of their entire productive life.
They belonged to five different racial groups, pure Holstein (H), pure Jersey (]J) and triple
crosses, resulting from the insemination of Holstein x Jersey (F1) cross cows with semen
from bulls of the Brown Swiss (P), Guernsey (G) and Montbeliarde (M) breeds, respectively.
The cows were grouped into three levels (CAT), according to age at first calving. These
categories were: CAT1: < 24 months; CAT2: 24 < CAT2 < 30 months and CAT3: > 30
months. Significant differences were found in survival curves of the productive life variable
(p=0.0001) at 50% survival probability. Jersey cows had the lowest longevity (60.4 months)
and showed significant differences with Guernsey (72.7 months), Holstein (65.8 months)
and Montbeliarde (70 months). Brown Swiss cows (86 months) had the highest longevity
compared to the rest (CAT was not considered). In CAT1, Brown Swiss showed significant
differences from the rest (p<0.05). In CAT2, Brown Swiss showed significant differences
(p<0.05), as ] when compared with Guernsey. In CAT3, only Brown Swiss showed significant
differences (p<0.05) compared to Guernsey, Jersey and Montbeliarde. Triple-cross Brown
Swiss dairy cows had greater longevity. Those having their first calving at a later age showed
higher longevity, both in comparison with other genotypes and among the Brown Swiss cows.
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Longevity of Purebred and Triple-Cross Dairy Cows

RESUMEN

En este trabajo se evalu6 la longevidad animal segin la edad al primer parto de vacas
lecheras puras y triple cruza en un establecimiento de Entre Rios, Argentina. Se analizaron
datos retrospectivos de 1.498 vacas lecheras entre los afios 2012 y 2021, pertenecientes a un
establecimiento comercial ubicado en el centro-oeste dela provincia de Entre Rios, Argentina.
Las vacas analizadas fueron aquellas descartadas (por venta o muerte) en el establecimiento,
vacas con registro de toda su vida productiva. Pertenecian a cinco grupos raciales diferentes,
Holstein puras (H), Jersey puras (]) y triple cruzas, resultantes de la inseminacion de vacas
cruzas Holstein x Jersey (F1) con semen de toros de las razas Pardo Suizo (P), Guernsey (G)
y Montbeliarde (M), respectivamente. Las vacas se agruparon en tres niveles (CAT), segtin la
edad al primer parto. Estas categorias fueron: CAT1: < 24 meses; CAT2: 24 <CAT2 <30 meses
y CAT3: > 30 meses. Se encontraron diferencias significativas entre las curvas de supervi-
vencia de la variable vida productiva (p=0,0001) al 50% de probabilidad de supervivencia.
Las vacas Jersey presentaron la menor longevidad (60,4 meses) y mostraron diferencias
significativas con Guernsey (72,7 meses), Holstein (65,8 meses) y Montbeliarde (70 meses).
Las vacas Pardo Suizo (86 meses) presentaron la mayor longevidad respecto del resto (no
se consideré CAT). En CAT1, Pardo Suizo present6 diferencias significativas respecto del
resto (p<0,05). En CAT2, Pardo Suizo mostrd diferencias significativas (p<0,05), al igual que
] al compararse con Guernsey. En CAT3, solo Pardo Suizo presento6 diferencias significativas
(p<0,05) respecto de Guernsey, Jersey y Montbeliarde. Las vacas lecheras triple cruza Pardo
Suizo presentaron mayor longevidad. Aquellas que tuvieron su primer parto a una edad mas
tardia mostraron una mayor longevidad, tanto en comparacién con otros genotipos como
entre las vacas Pardo Suizo.

Palabras clave
vaca » adaptacion e bienestar e fertilidad  sistema de pastoreo

INTRODUCTION

Recently, dairy cow longevity has gained increasing relevance, primarily due to the
consequences of high levels of individual production (3, 33), low fertility (9, 22) and
environmental (2, 15, 16) and economic factors (10, 15) associated with a shorter than
expected lifespan.

Culling dairy cows in early production stages, before reaching biological maturity, is
considered unsustainable (14, 25, 35). The concept of longevity has been linked to animal
welfare (31).

Without human intervention, a dairy cow is biologically capable of living up to 20 years.
However, average time spent in the herd currently ranges from 4.5 to 5.5 years, or between
2.5 and 3.5 lactations (11). Marini and Di Masso (2019) compared purebred cows and cows
with breeding records living together in the same establishment. They found the productive
lifespan (measured as the number of births) was 3 (1-8) and 3 (1-10), respectively, with no
significant survival difference between groups.

Today, dairy farmers seek to capitalize on the favorable traits of “alternative” dairy breeds
to mitigate the negative effects associated with inbreeding and leverage heterosis benefits
(30, 32). Many studies have demonstrated increased fertility and survival rates when using
crossbred cows compared to purebred Holstein or Holstein-Friesian cows, in pasture-based
and high-input confinement systems (5, 27, 34). Economic analyses also indicate improved
profitability in these systems, due to lower replacement costs and higher herd productivity
(19, 28).

Reducing age at first calving seems to enhance productive lifespan and increase milk
production per cow over their lifetime (12). Copas Medina et al. (2022) and Cafiete et
al. (2025) concluded that Holstein and Brown Swiss cows that calved earlier remained
productive longer on the farm and produced more milk over their lifetime.

Information on longevity of dairy cows in grazing systems and its evolution over time is
scarce in Argentina. Therefore, the objective of this study was to evaluate longevity of purebred
and triple-cross dairy cows based on age at first calving in a farm in Entre Rios, Argentina.
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Longevity of Purebred and Triple-Cross Dairy Cows

MATERIALS AND METHODS

Retrospective data from 1498 dairy cows were analyzed from 2012 to 2021, from a
commercial dairy farm located center-west of Entre Rios (32°00’ South y 59°34’ West),
Argentina.

Dairy Herd

The farm has 2,400 cows managed in 5 similar milking units. Average milk yield is
8,800 liters per lactation (24 liters/cow/day), with an average composition of 3.90% fat
and 3.70% protein. The production system was grazing with supplementation, consisting
of an average diet with 45% pastures for direct consumption, 20% preserved forage
(hay and silage) and 35% concentrates. The diet varies according to availability, based on
climatic conditions or feed prices. The pastures used for direct grazing during the evaluation
period consisted of polyphytic meadows based on alfalfa (Medicago sativa L.), mixed with
fescue (Lolium arundinaceum Schreb. Darbysh), white clover (Trifolium repens L.) and native
barley (Bromus catharticus Vahl). Also, monophytic winter greens of oats (Avena sativa L.)
and annual ryegrass (Lolium multiflorum L.), depending on the season and availability of
standing forage. Additionally, they were provided with preserved forage, including corn
silage (Zea mays L.), hay from pastures, and concentrates. The concentrates were formulated
onsite using grains, by-products from agro-industry and mineral salts, according to the
needs of balanced diets and/or forage supply for milking cows. Table 1 shows average dry
matter supply per milking cow and seasonal dietary composition.

Table 1. Seasonal average (kg/cow and day) and percentage composition of ration offered
(% on DM).

Tabla 1. Promedio estacional (kg/vaca y dia) y composicién porcentual de la raciéon
ofrecida (% sobre MS).

% Offered by season of year

Food
Spring | Summer | Autumn | Winter
Alfalfa-based polyphytic pastures 39% 39% 23% 19%
Winter green fodder 9% 0% 12% 17%
Corn silage, whole plant 22% 29% 29% 30%
Pasture hays 2% 1% 3% 2%
Concentrated mix* 28% 31% 33% 32%
TOTAL (kg DM/cow and day) 23.0 221 243 235

Database

The analyzed cows were those culled (due to sale or death) from the establishment,
specifically those with complete productive records belonging to five racial groups (RG), pure
Holstein (H) cows (n=72), pure Jersey (J) (n=38) and triple cross cows, resulting from the
insemination of Holstein x Jersey (F1) with semen from Brown Swiss (P) (n=436), Guernsey
(G)(n=396) and Montbeliarde (M) (n=556) bulls. The cows were grouped into three levels
(CAT) according to age at first calving. These categories were CAT1: < 24 months; CAT2:
24 < CAT2 < 30 months and CAT3: > 30 months. The following data were recorded for each
cow: Date of birth (DB); Date of calving (DCP); Date of culling or death (FDM); Longevity (L)
in days (FN - FDM); Number of calvings (NP); Age at first calving (AFC) in days (DC - CP);
Culling (C). A cow was considered culled when it died or was sold for different reasons.

Records containing incomplete or missing data were excluded from the analysis. Table 2
(page 4), shows the final number of animals analyzed, classified by category and racial group.
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Table 2. Number of animals analyzed per category of age at first calving (CAT) and racial
group (RG), after removing incomplete records.

Tabla 2. Nimero de animales analizados por categoria de edad al primer parto (CAT) y
grupo racial (GR), después de eliminar los registros incompletos.

RG
CAT G H ] M P | Sum
1 222 | 32 7 238 | 276 | 775
2 162 | 32 23 | 268 | 135 | 620
3 12 8 8 50 25 | 103
Sum 396 | 72 38 | 556 | 436 | 1498

Statistical Analysis

Longevity of purebred and triple-cross dairy cows was evaluated by Age at First Calving.
Two survival models were used, each with a particular purpose and focus.

Overall Survival Model: In the first analysis, a Kaplan-Meier survival model assessed
longevity of the different GRs, not considering age at first calving as a stratifying factor. This
model allowed comparing GRs’ survival curves throughout their productive life.

Survival Model Stratified by Age at First Calving (AFC): A stratified survival model used
CAT-adjusted log-rank test. This approach was chosen to control potential heterogeneity
caused by age at first birth. Stratification by AFC allowed a precise assessment of survival
differences between RG, considering variability introduced by AFC.

Using these two approaches was based on the first model, on the need to identify overall
differences in longevity between breeds and crosses, providing a general performance
overview of the different RG throughout their productive life. Considering the stratified
model, the effect of age at first calving on longevity was isolated, providing a more detailed
understanding of how these variables influence survival, allowing specific conclusions in
the context of age at first calving.

Both analyses were carried out using the statistical software R (2023). The survival
library was used to fit the models and estimate survival curves. In both survival models,
the event of interest was the cow leaving the herd (due to culling by death or sale), and
the analyzed time was longevity, measured in days from calving until culling date (sale or
death). The general survival model (Kaplan-Meier) involved survival curves generated by
the survfit function from the survival package in R. Differences between survival curves
were evaluated using the Long-rank test, implemented via the survfit function from the
same package, considering racial group (RG) as the sole predictor factor. The survival model
stratified by age at first calving (AFC) reutilized the survfit function, including the argument
strata = CAT (category of age at first calving), controlling heterogeneity introduced by age
and accurately evaluating differences in survival among breed groups within each stratum.
Age at first calving (CAT) was categorized into three levels (CAT1: <24 months; CAT2:
between 24 and 30 months; CAT3: >30 months). This stratified model assessed survival
differences among breed groups adjusted by the defined AFC categories.

RESULTS

Figure 1 (page 5), shows the Kaplan-Meier survival curves of purebred H, ] cows, and
triple-crossbreds, P, G and M cows, not accounting for age effects. Significant differences
were found between the survival curves of the productive lifespan variable (p=0.0001)
at 50% probability of survival. ] cows had the shortest longevity (60.4 months), showing
significant differences with G (72.7), H (65.8) and M (70 months). The P cows (86 months)
presented the longest longevity, 86 months.
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Racial Group RG=G ~—— RG=H — RG=] —— RG=M RG=P
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Figure 1. Survival analysis for longevity of purebred and crossbred dairy cows.
Figura 1. Analisis de supervivencia para la longevidad de vacas lecheras puras y cruzas.

Table 3 shows culling risk for each analyzed genotype, with differences in survival
patterns. Considering 60 months of age as a comparison point, 71% of individuals in RG
G, 58.3% in RG H, 52.6% in RG ], 68% in RG M and 78% in RG P reached this threshold,
confirming survival trends observed in figure 1.

Note: Holstein (H), Table 3. Proportion of cows under culling risk.
Jersey (J) and triple
crosses, resulting from
the insemination of
Holstein x Jersey (F1)
cross cows with semen

Tabla 3. Proporcion de vacas en riesgo de ser descartada.

frorp bulls of the Brown Groups Percentage of cows
Swiss (P), Guernsey (G)
and Montbeliarde (M) G 100 | 100 | 100 | 99 | 89 | 71 | 52 | 31 | 18 7 3 1 0 0
breeds.
Nota: Holstein (H), H 100 | 100 | 100 | 97 | 82 | 58 | 44 | 29 | 15 6 4 1 0 0
Jersey (J) y triples
cruzas, resultantes de la J 100 | 100 | 100 | 95 | 76 | 53 | 32 | 16 5 0 0 0 0 0
inseminacion de vacas
cruza Holstein x Jersey M 100 | 100 | 100 | 99 | 87 | 68 | 48 | 33 | 17 9 4 1 0 0
(F1) con semen de toros P 100 | 100 | 100 | 99 | 90 | 78 | 68 | 53 | 37 | 24 | 11 | 4 1 0
de las razas Pardo Suizo
(P), Guernsey (G)Y | Months | 0 | 12 | 24 | 36 | 48 | 60 | 72 | 84 96 108 120 | 132 | 144 | 156
Montbeliarde (M).

In the AFC Stratified Model, the chi-square statistic was 90.7 (with 4 degrees of freedom,
p<2e-16). This result indicates significant differences in survival among the evaluated
groups when considering age at first birth. Pairwise comparisons within each category are
detailed in table 4 (page 6).
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Table 4. Median months of life by age category at first calving.
Tabla 4. Medianas de los meses de vida por categoria de edad al primer parto.

G H J M P
CAT1 | 726° | 634° | 7942 | 7232 | 856"
CAT2 | 731° | 69.6% | 605> | 67.0% | 85.9¢

CAT3 62.5° 80.82¢ 54.0 20 71.10 96.7 <4

In CAT1, RG P shows significant differences compared to the other groups (p<0.05). In
CAT2, P shows significant differences (p<0.05) against any other group. In CAT3, only P has
significant differences (p<0.05) with G, ] and M (figure 2).

Racial Group RG=G RG=H — RG=] — RG=M — RG=P
Age Category 1 Age Category 2 Age Category 3
— 1 A S =
m S | S
z A\ N N
E| N I~
3 LN A
- 1
Hi g ]
LN N\,
—§ \‘ e S0 1 ‘Y\\‘» _—
T 1 — R
i S 4 0 7 s b6 s k0 1k 1 0 d 3 4 @ 72 s g6 s 10 iz 14 1k 0 f A % 4 @ 72 6 s ws b 1k
Longevity (months) Longevity (months) Longevity (months)

Figure 2. Survival probability according to age at first calving and RG.

Figura 2. Probabilidad de supervivencia segiin edad al primer parto y GR.

DISCUSSION

In recent decades, dairy cows have achieved significant advancements in individual milk
production (within alimited number of breeds). However, this progress has been accompanied
by considerable drawbacks, including a loss of genetic diversity and a decline in health,
resilience, robustness, welfare and longevity (4). Moreover,; Piccardi et al. (2014) and Pipino
etal. (2023) reported that Swedish Red x Holstein crossbred cows were superior in longevity
compared to pure Holstein cows, with higher survival rates across successive lactations.

In dairy systems under grazing with supplementation, Frana-Bisang et al. (2023)
found no significant differences in survival curves for the productive life variable analyzed
for purebred Holstein (HO) cows, and HO x Jersey (F1), F1 x Montbeliarde (M) and M x
Holstein (XB) crosses. However, although no differences were found in the productive life
variable, when survival to subsequent births was analyzed, all crosses exhibited greater
persistence in the second and third calvings compared to pure HO cows. An earlier study
in the same establishment examined purebred, crossbred and triple-crossbred cows (23).
Studying Holstein, Holstein x Jersey, (Holstein x Jersey) x Brown Swiss and (Holstein x
Jersey) x Guernsey genotypes, these authors found survival curves with 50% probability
that individuals from all genotypes would reach the end of their first lactation before 1100
days of age for the event of completion of the first lactation. Furthermore, there was a 90%
probability of Brown Swiss cows finishing their first lactation before 1.200 days of age, while
Guernsey, Holstein x Jersey and Holstein cows required an additional 150 days to achieve
the same probability. Differences between survival curves for the different genotypes were
statistically significant.
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Likewise, our results show that crossbred cows have a longer lifespan than the studied
purebred. In turn, among the crossbred cows, P cows had the longest lifespan (figure 1,
page 5). This aligns with Andersen (2008), who indicated that Brown Swiss showed
comparative advantages in longevity, especially in adverse ecosystems for Holstein. Dairy
farms employing this type of crossbreeding could achieve a herd structure with older cows
producing more milk, butterfat, and protein, with a lower replacement rate. Consequently,
the crossbred studied would improve survival expectancy in grazing-based production
systems, particularly when supplemented strategically with bulk and concentrated
feeds (table 1, page 3). Previous studies by Kargo et al. (2012) and Buckley et al. (2014)
demonstrated that crossbred cows exhibited higher fertility and survival rates compared to
pure Holstein cows, using a variety of modern breeds in high-input (confined production)
and low-cost (grazing-based) systems.

Hazel et al. (2017) suggested that using only two breeds for crossbreeding does not
fully exploit heterosis, and rotational crossbreeding involving three breeds better enhances
reproductive aspects. Similarly, considering longevity, crossbreeding among three breeds
would have the same weight, showing that triple crosses are longer-lived (figure 1, page 5).

This study also examined whether age at first calving influences final life expectancy,
a topic not extensively discussed. In this sense, P cows showed the greatest longevity
regardless of age at first calving. However, P cows with the oldest age at first calving had
the greatest longevity (compared to the other genotypes) and higher values in median life
months, compared to the P of CAT1 and CAT2 (table 2, page 4). However, Copas Medina
et al. (2022) showed that, in tropical systems, pure Holstein and Brown Swiss cows that
gave birth at an early age (<36 months) lived longer, remained productive for a longer
period within the system and had higher overall milk production throughout their lives.
Similarly, Casanova et al. (2011) found that cows calving for the first time at an older age
(40 months) had a 23% higher risk of being culled than those calving at 30 months. Marini
and Di Masso (2019), comparing purebred cows and cows with breeding records, in the
same establishment, could not find an association between age at first calving and calving
number. However, a significant association was observed in those with breeding records,
indicating that the older the age at first calving, the lower the total number of calvings.

Mean longevity of Brown Swiss cows first calving at a younger age (<2.5 years) was
shorter than that of cows calving for the first time at an older age. However, as for Holstein
cows, Brown Swiss cows calving at a younger age had more days in production and more
lifetime milk production than those calving later (9).

Few studies have analyzed the association between age at first calving and longevity;
therefore, the impact of reduced age at first calving on long-term performance remains
unclear (21). Haworth et al. (2008) reported that cows between 24 and 29 months at
first calving had greater longevity and productivity than those calving at 30 months or
older. This finding aligns with a retrospective study on Holstein herds that calve younger
(24-25 months), demonstrating better survival rates and higher productivity (8).

Based on these findings, crossbreeding would be a relevant alternative to counteract
the current challenge of low longevity of dairy cows in herds corresponding to these
regions (11). To effectively overcome this issue, comprehensive measures are needed.

CONCLUSIONS

This study confirms that crossbred dairy cows, especially triple P crossbreds, have
greater longevity compared to the studied purebred. This finding suggests that dairy farms
implementing crossbreeding, like for P cows, could benefit from a herd structure with older
cows. This could lead to increased total production of milk, butterfat, and protein throughout
their productive lifespan, while reducing replacement needs in the herd.

Age at first calving constitutes a significant factor influencing cow longevity. Although
P-crossed cows showed general greater longevity, we observed that those first calving at a
later age showed greater longevity, compared to other genotypes and among themselves.
These results support the idea that an adequate age at first calving can benefit longevity
throughout cow life.
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Applying global and stratified survival models allowed effective evaluation of the genetic
and management factors on dairy cows longevity. This suggests that a selection strategy
considering age at first calving and genotype could optimize longevity and productivity in
grazing dairy production systems, leading to long-term economic and productive benefits.

Considering the study used information from commercial herds in grazing production
systems with supplementation, rather than from experimental herds, our results hold
importance for the Humid Pampas - Argentina, and other temperate climates worldwide.
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