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ABSTRACT

This study aimed to estimate the effect of environmental factors on variation of the longevity and the ge-
netic parameters of the trait in Holstein dairy cows in Iran. The records of 181738 cows in the years 2001 to
2018 were provided by the Animal Breeding Center of Iran (Karaj, Iran). Profitability in dairy herds de-
pends on animal survival in the herd, which is provided by reducing involuntary culling and increasing the
voluntary culling in the herd. The survival was defined as the lifespan, the lifetime milk, fat, and protein
yield after first calving, and lifetime days in milk. The effect of environmental factors on traits and risk of
culling was estimated using Survival kit and cmprsk statistical packages. The variance components were
estimated by Gibbs sampling method based on exponential distribution, incomplete data, and survival
analysis. The effects of herd, season, and age of calving on traits were significant (P<0.001). The risk of
culling of cows with difficult calving was higher than others. The risk of culling of cows calved in spring
was higher than in other seasons. The heritability of different traits of survival estimated to be 0.0067-
0.0147. The results showed that the effect of different environmental factors on variation of longevity is
significant, and the heritability of the trait is low. However, a review of the literature indicates that, despite
the low heritability of the trait, it can be improved in a population through genetic selection. This approach
is justified, as longevity is not only important for the farmer from the economic point of view, but it also
affects the increase of animal welfare and social acceptance of the dairy sector.

{AAN 6] Gibbs sampling, hazard function, survival heritability.

performance of dairy cows (Cielava et al. 2017). The re-
sults of a research showed that the risk of culling increased

INTRODUCTION

The natural life span of cattle is reported to be up to 20
years when they would die of old age. In commercial sys-
tems, the cow would clave at 2-3 years of age and would be
culled at about six years of age (Fetrow et al. 2006). The
length of productive life is the time from first calving to
culling. Culling or departure of animals from the herd is
because of sale, slaughter, salvage, or death (Fetrow et al.
2006). The age at first calving, the lifespan and the length
of productive life affect genetic progress and economic

with parity (Figure 1). The expected remaining lifetime for
cows calving in parities 1 to 6 was 907, 697, 553, 469, 423,
and 399 days, respectively (De Vries et al. 2010). They
reported that the risk of culling in the first two months after
calving was increased. The risk of culling at day 5 was
lower than the risk of culling at day 30 after calving, except
for first lactation cows. This could be related to a greater
risk of dystocia in first parity cows. Later in lactation, the
risk of culling of cows that were not pregnant was higher.
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This risk started to increase later for first parity cows
(around day 300) compared to older cows (around day
220). This was likely due to a flatter lactation curve for first
parity cows, and therefore these cows had more opportunity
to get pregnant. Also, the daily risk of culling for pregnant
cows compared to open (non-pregnant) was 3 to 7 times
lower.
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Daily risk of culling by days after calving and parity

Other reproductive factors that were found to affect the
increase of the risk of culling were greater calving difficulty
(hazard ratio (HR) < 1.95, where HR= 1 is the baseline),
and birth to males or twins (HR<1.36) (De Vries et al.
2010).

Similar effects of reproduction factors on culling are re-
ported for Canadian dairy cows (Sewalem et al. 2008).
Longer open days in parity is associated with increased risk
of culling in subsequent calving (Pinedo and De Vries,
2010). They also reported that the risk of death from 14
days before the calculated due date to the first 60 days after
calving increased from 2.5% to 5.8% when open days in-
creased from 68 to more than 301 days. Also, the risk of
live culling increased from 5 to 8.1 percent, with the same
increase in open days.

Early lactation cull risk varies greatly between herds. For
instance, in a study in Pennsylvania herds, the cull risk for
the first 60 days in milk was 6.8 percent which shows that
most of the death occurs in early lactation (Miglior et al.
2005).

Livestock survival is an economic feature that has a sig-
nificant impact on the profitability of livestock production
(Lurdes Kern et al. 2016). The survival rate of dairy cows
in the herd depends on the rate of culling (optional or non-
optional) from the herd. Non-voluntary culling of cows is in
cases such as reproductive problems, mastitis, lameness,
etc. However, voluntary culling is in the case of low milk
production and based on the farmer's decision (Van Aren-
donk, 1985). Therefore, two different definitions are pre-
sented for survival (Ducrocq et al. 1988):
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1) The lifespan, which is the period between birth and re-
moval of an animal from the herd.

2) The length of productive life (LPL), which is the period
between the first calving and the time of removal from the
herd.

At the time of genetic evaluation of animals for survival
trait, the available data may be from animals still alive and
are in the herd and the data from animals that are died or
culled. The data of live animals do not represent the true
lifespan of the animals and are called censored data. The
model used for censored data to calculate survival traits is
proportional Hazard function and the Weibull model
(Ducrocq et al. 1988; Vukasinovic et al. 2001). The herita-
bility of survival traits using censored data and the Weibull
model are reported to be 0.05-0.18 (Forabosco et al. 2009).
The heritability of survival using linear models, random
regression and threshold model are reported to be 0.01 to
0.22 (Sasaki, 2013; Strapakova et al. 2014; Imbayarwo-
Chikosi et al. 2015).

Since the involuntary culling of animals has a negative
effect on farm productivity, thus, in different countries, the
longevity trait is included in the breeding program and the
breeding value for the trait is predicted. The present study
was conducted to estimate the effect of environmental fac-
tors on variation of longevity and the genetic parameters of
the trait in Iranian Holstein population.

MATERIALS AND METHODS

The data of 181738 Holstein cows from the years 2001-
2018 provided by the Iranian Animal Breeding Center used
for this study (Table 1).

ELs] [N Characteristics of the data

Characteristics Number
Pedigree animals 415073
Animals with records 181738
Number of males 8098
Number of females 277715
Number of inbred animals 340523
with known parents 371170
Animals with progeny 285813
Animals without progeny 129260

The longevity of the animals, defined as the period be-
tween birth date and last recording date or culling date and
is called lifespan. Also, the total amount of milk (LMY), fat
(LFY) and protein (LPY) production during the productive
life of the animals calculated, and the number of days in
milk that animal had in lifespan (LDIM). The data of ani-
mals with the first calving age of 20-40 months were used
for calculation of milk production.




Rakhshani Nejad ef al

The data of animals with known culling date and the ani-
mals had passed 18 months from the last milk recording
were considered uncensored, and animals without culling
date were considered as censored. The Cox relative risk
model (1) was used to estimate environmental factors af-
fecting traits:

(y%8)jjm= M + H; + Sj + Yy + CE; + bi(age)m + €jjkim

Where:

Yijim: phenotypic observations for traits.
Sijim: type of culling.

y: overall mean.

H;: herd effect.

S;: calving season.

Y\: year of calving.

CE;: code of difficult calving.

bi(age)n: age of calving.

€ijim: residual effect.

The risk of culling up to 1000 days for LPL and up to
20000 kg of milk, 500 kg of fat and protein production
were compared for difficult calving, season and year of
calving. The probability of survival of animals for different
traits were estimated using Survival kit software (Therneau
and Lumley, 2014). The exponential distribution of cen-
sored survival data was used to calculate genetic parameters
using model 2.

y=Xb+Zate

Where:

y: observation vector.

X and Z: coefficient matrices for fixed and random effects
respectively.

b, a, and e: vectors are associated with fixed effects, ran-
dom additive, and residuals effects, respectively.

A total of 1000000 samples were produced with a
150000 burn-in period and 150 sampling intervals. The
BOA software was used to control the convergence of ana-
lyzes by Geweke diagnostic method (Smith, 2007). The
Survival (Therneau and Lumley, 2014) and Cmprsk (Fine
and Gray, 1999) statistical packages were used to determine
the factors affecting traits and to calculate the risk of animal
culling and the MCMCglmm statistical package (Hadfield,
2010) was used to estimate variance components.

RESULTS AND DISCUSSION

The log-likelihood, chi-square, degrees of freedom, and
probability of the factors affecting survival variables are
presented in Table 2. The effect of the herd, year and sea-
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son of calving, difficult calving and age of calving on the
survival variables were significant (P<0.001).

Difficult calving can be a major cause of death of the
cows during calving and reduce cow fertility and reproduc-
tive efficiency. Difficult calving increases female cow in-
fertility, postpartum diseases, and the involuntary culling of
the female cows (Fetrow et al. 2006). The impact of diffi-
cult calving on the reduction of milk production (Djemali et
al. 1987) can increase the un-voluntary culling of the cows
from the herd. The difference in the risk of culling in dif-
ferent seasons of calving was significant (P<0.01). The
average risk of culling up to 1000 days after first calving
was higher in cows calving in autumn than in other seasons
(Table 3). The relationship between year and season of
calving and herd size with lifespan in Polish Simmental
cattle (Morek-Kopec and Zarnecki, 2017), Czech Holstein
cows (Strapakova et al. 2014), Serbian black and white and
Simmental cows (Stanojevi¢ et al. 2016) are reported to be
significant. The herd size effect on survival is significant
(Chirinos et al. 2007). Therefore, considering the effects of
herd, year and season of calving and herd size, it is possible
to study the risk of culling caused by herd size. Large herd
size is an effective factor in the increase of culling risk
(Strapakova et al. 2014). In a study in Polish Simmental
herds, the risk of culling of cows in autumn was higher than
in other seasons (Morek-Kopec and Zarnecki, 2017). In the
present study, the trend of risk of culling in different sur-
vival variables during the years of 1998-2018 is in decreas-
ing (Figure2).

Differences in the rate of culling in different years are
examined by considering the year and season of calving in
models. Herd management, health, rainfall, disease and
nutrition all affect the culling risk in different years
(Jovanovac et al. 2013).

The mean of LPL of uncensored data was 1042 days (34
months), and the mean of LMY, LFY and LPY were
23157.2,756.5 and 713.4 kg, respectively (Table 4).

The average number of lactation periods of Holstein
cows in the US is 2.8 (Tsuruta et al. 2005) and in Serbia is
3.04 (Stanojevi¢ et al. 2016). The average number of
months between the first calving and last milk production
record for Iranian Holstein cows has been reported to be
30.1 (Nilforooshan and Edriss, 2004).

The components of variance and heritability of different
traits are presented in Table 5. Heritability estimates show
that the variance of the survival variables is due to envi-
ronmental and management factors, and their genetic selec-
tion response might be low. Therefore, better environmental
conditions can be useful to improve survival traits.

Using random regression, and sire model, the heritability
of survival for Tunisian cows at different lactation periods
was reported between 0.02 and 0.03 (Grayaa et al. 2019).
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18] 5% Environmental effects on survival trait

Trait Factors Log-likelihood Degrees of freedom Chi-square Probability
Herd -2009519 624 21176.694 <0.001
Year of calving 2004746 17 9545857 <0.001
The length of productive life Season of calving -2004485 3 522.185 <0.001
calving difficulty 2004416 4 139.513 <0.001
Calving age -1959442 1 89947.475 <0.001
Effect of calving difficulty and season on the risk of culling
Traits LPL LMY LFY LPY
Factors Code! Up to Up to Upto Upto
1000 days of age 20000 kg 500 kg 500 kg
1 0.474 (0.000003)¢ 0.386 (0.000002)° 0.280 (0.000002)° 0.296 (0.000002)°
2 0.530 (0.00002)° 0.418(0.000002)" 0.301 (0.000001) 0.325 (0.000002)*
Calving difficulty 3 0.513 (0.00003)* 0.429 (0.000003)° 0.310 (0.00003)° 0.330 (0.000003)°
4 0.517 (0.00018)° 0.473 (0.000002)" 0.341 (0.00017) 0.373 (0.00017)"
5 0.546 (0.00163)" 0.491 (0.00159)" 0.383 (0.00150)* 0.417 (0.00154)"
1 0.530 (0.000010)" 0.440 (0.000009) 0.320 (0.000008)* 0.338 (0.000008)*
. 2 0.465 (0.000007)* 0.376 (0.000007)° 0.268 (0.000006)° 0.284 (0.000006)°
Season of calving )
3 0.545 (0.000007)* 0.364 (0.000007)° 0.263 (0.000006)° 0.282 (0.000006)°
4 0.501 (0.000008)° 0.407 (0.000008)" 0.301 (0.000007)" 0.316 (0.000007)

' Code for factor calving difficulty 1: no help; 2: with the help and no harm; 3: with the help and low damage; 4: with much help and damage and 5: difficult calving and
cesarean. Code for factor season of calving 1: spring; 2: summer; 3: fall and 4: winter.
LPL: length of productive life; LMY total amount of milk; LFY: total amount of fat and LPY: total amount of protein.

—8—Lifetime fat production Lifetime milk production =t Productive life span

—4— Lifetime protein production

The trend of risk of culling in different years

LY Mean of different survival variables for uncensored and censored data

Traits Data type Average Standard Deviation Minimum Maximum
LPL (day) Uncensored 1042 733.9 59 7113
Censored 511.4 417.5 61 4792
LMY (kg) Uncensored 23157.2 16750.3 214.5 158437
Censored 15324.2 12289.6 452.6 136580
LFY (ke) Uncensored 756.5 563.02 59 5326.4
Censored 494.5 403.6 9.8 4757.5
LPY (ke) Uncensored 713.4 514.8 6.8 5255.9
Censored 467.7 380.1 11.3 4043.1

LPL: length of productive life; LMY total amount of milk; LFY: total amount of fat and LPY: total amount of protein.
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Using the relative Weibull hazard model, the heritability
of lifespan for Tunisian and Czech cows estimated in the
range of 0.03 to 0.181 (Zavadilova and Stipkova, 2012).

The heritability for the survival of Simmental cows using
the animal, sire, and Weibull model was reported to be
0.056, 0.037, and 0.075, respectively (Raguz et al. 2014).
The factors can affect a cow to be culled from a dairy farm
include her level of milk production, whether she gets
pregnant, and if she stays healthy and free from disease and
illness. When a cow is culled from a farm, she is usually
sold to slaughter for beef. Therefore, the main factor which
affects the dairy producer to cull the animal is the financial
and economics of farming. This means the improvement of
the longevity of dairy cows through genetic selection is a
practical choice to help the income of the farmer. Prediction
and publication of breeding value for longevity for dairy
cows have been started since 1999 in some countries such
as the Netherlands and have become very important due to
the inclusion of the breeding values in the national selection
index (Meuwissen et al. 2001).

18] 8 The variance component and heritability of survival traits

In the Netherlands, the genetic progress for longevity
over time has been positive for three breeds (Figure 3). In
the beginning, the weight of the breeding value for longev-
ity was 33 percent. Then the weight has gradually de-
creased from 33 to 11 percent in the current national index.
It is because of more health and fertility, and breeding val-
ues became available and were included in the national
index. At present, prediction of breeding value for longev-
ity is perceived as an important value for bulls.

The progress between the years 1990 and 2010 is about
21, 18, and 12 breeding value units for RDC, Holstein and
Jersey, respectively. One unit corresponds to about seven
days longer life regardless of the breed, so the genetic ca-
pacity during this period has improved with about 5, 4, and
3 months for RDC, Holstein and Jersey, respectively. These
values show that it is expected the cows born in 2010 to
produce some months longer than cows born in 1990. This
example shows that despite low values of heritability re-
ported for longevity, it is possible to improve the genetic
potential of the animals for the trait.

Traits Factors Average Standard deviation Minimum Maximum
o 0.0034 0.0003 0.0027 0.0040
LPL o 0.2602 0.0018 0.2565 0.2637
6, 0.2636 0.0018 0.2597 0.2670
h? 0.0127 0.0013 0.0103 0.0153
o) 0.0023 0.0002 0.0019 0.0027
LMY O'i 0.3408 0.0012 0.3385 0.3431
o, 0.3431 0.0012 0.3406 0.3455
h? 0.0067 0.0005 0.0057 0.0078
N 0.0037 0.0004 0.0030 0.0044
LEY o’ 0.2630 0.0022 0.2586 0.2674
o, 0.2667 0.0023 0.2622 0.2712
h? 0.0139 0.0014 0.1134 0.0167
o 0.0036 0.0004 0.0029 0.0043
LPY o 0.2601 0.0018 0.2565 0.2634
oy’ 0.2637 0.0018 0.2603 0.2673
h? 0.0137 0.0014 0.0110 0.0164

LPL: length of productive life; LMY total amount of milk; LFY: total amount of fat and LPY: total amount of protein.
heritability.

o,2: additive genetic variance; o.2: residual variance; szi phenotypic variance and h?:
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Genetic progress for the longevity of Nordic dairy cows
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CONCLUSION

Finally, the statistics show that every year the dairy farmers
in Iran inseminate the cows with frozen semen, which are
mostly imported from abroad. One practical approach to
improve longevity is to use the semen of bulls with good
longevity of their daughters. Also, it is recommended that
the Animal Breeding Center of Iran include the trait of lon-
gevity in the national selection index of the bulls.
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