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ABSTRACT

In the present study, 44,440 test day milk yield records, for first lactation of Iranian Holstein cattle, collected between
1983 and 2010 were used to genetic analysis of the lactation persistency of Iranian Holstein cattle with Legendre
Polynomials based Random Regression Models. For analysis, animals with 10 test day records were considered and their
breeding values for different measures of persistency and 305-days milk yield (305MY) were estimated by Random
Regression analysis. Spearman correlations between breeding values of different persistency measures and 305MY were
estimated. The correlations between estimated breeding values for different measures of lactation persistency ranged
between 0.32 to 0.99. In addition, the correlation between different persistency measures and 305MY varied from 0.35 to
0.99. In general, results showed that because of positive correlations between some measures of persistency with each
other as well as with 305MY, these traits could be used to improve lactation persistency and milk production of Iranian
Holstein dairy cows

Keywords: persistency, milk yield, Spearman correlation, dairy cow, Random Regression Model.

INTRODUCTION

Lactation and fertility performance have a
significant effect on productivity of dairy cows
(Eghbalsaied, 2011). The milk production during
lactation period, which defines the lactation curve, can be
divided in three phases: the first is ascending which
occurs between calving and peak of lactation; the second
is relatively constant which occurs around peak of
lactation; and the third, is descending, which occurs
between the peak of lactation until the end of the lactation
period. The last phase is used to describe the persistency
of lactation. Persistency of lactation is a trait of great
importance as it reflects the ability of an animal to
maintain milk production at a high level after the peak of
lactation until the end of lactation period (Jonas et al.,
2011, Jamrozik et al., 2007). It can be defined as the
difference in milk yield between peak and a defined day
later in lactation (Weller et al., 2006). In addition to
genetics, environmental factors such as the age of
production, year and season and those whose effects
cannot be calculated such as climate, disease and pasture,
conditions can also influence cattle’s productivity. High
production can be reached by increasing the genetic
potential of animals and improving the environmental
conditions (Cakilli, 2011).

It has been reported that cows with improved
persistency of lactation require less feed and have lower
health care and reproductive costs due to reduced stress at
peak of lactation (Dekkers et al., 1996). In addition, it is

documented that increased lactation persistency is
associated with lower incidences of metabolic diseases
(Appuhamy et al., 2007; Cole et al., 2006). The
persistency of lactation is affected by genetics and
environmental factors such as herd management,
lactation number, open days, feeding, gestation and age
of calving (Atashi et al., 2006). In a study by Atashi et al.
(2012), the effects of twinning and stillbirth on the
lactation curve was studied in Iranian Holstein cows
during the first lactation. The results showed that
persistency of lactation were higher for twin birth than
single birth calving (Atashi et al., 2012).

So far, many approaches have been proposed to
model persistency of lactation, including the Wood
function (Wood, 1967) which is used for genetic
evaluation with different mathematical forms of the
function. Recently, Random Regression Models (RRM)
have been proposed to genetic analysis of the test day
milk records as well as the lactation curve in dairy cows
(Kirkpatrick et al., 1989). Application of RRM improves
the accuracy of genetic evaluation of lactation curve and
can be used in all the mammal species with different
lactation curves (Jamrozik et al., 1997). The accuracy of
genetic parameters estimated by RRM depends on the
regression functions used and on the covariance structure
for additive genetic, permanent environmental and
residual effects (Bignardi et al., 2011).

The RR models use a fixed regression to
describe the average shape of a lactation curve, and a
random regression for each animal to account for
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deviations from the fixed regression. This allows the
repeated records collected on an animal to be directly
incorporated into genetic evaluations and, since an animal
model is fitted, results in the predicted lactation curve
being heritable (Takma and Akbas, 2009). However, for
preferably analyzing the lactation curve, RRM requires a
large number of lactations test day records (Jonas et al.,
2011). The RRM has some advantages over traditional
multi-trait animal models such as ability to predict
lactation yield at any stage of lactation and using
incomplete lactations which increases the number of
records per animal in genetic evaluation.

So far, a few researches regarding genetic
analysis of lactation curve have been conducted in Iranian
Holstein dairy cows. Therefore, this study was conducted
to genetic analysis of five different measures of
persistency of lactation in Iranian Holstein cows. In
addition, estimating correlation between breeding values
of persistency measures with each other and with 305-
days milk yield was the secondary objective.

MATERIALS AND METHODS

According to Jamrozik et al. (1997) and
Jakobsen et al. (2002) lactation persistency was defined
with five different measures as follow:

The PS1, PS2 and PS4 measures were estimated
based on the estimated breeding values (EBVs) for milk
yield on two test-days during the lactation.

PS3 and PS5 were calculated using EBV for milk yield
during different lactation periods.

The RRM parameters were standardized to the
following fixed effect: first lactation, monthly test day
milk records, twice milking/day and seasons for milk
yield. The factors which were used for standardization
differed across the lactation traits, as each factor didn’t
have a significant effect on all traits. In the framework of
RRM, the following model was used for analyzing the
data (Cobuci et al., 2007):

where Yijkl is the lth test day record of jth cow recorded on
the tth days in milk of the first lactation for cow belonging
to the kth subclass of age-season of calving; HTD is the
fixed effect of herd-year-month of the test; bkm is the
fixed regression coefficient of test-day milk yield as a
function; ajm and pjm are random regression coefficients

that describe the genetic and permanent environmental
effects on each animal, respectively, eijkl is the random
residual effect associated with Yijkl; Z1- 3 is the Legendre
Polynomials (Gengler et al., 1999):

where x = -1+ 2×DIM, and are standardized between -1
and +1. It was assumed that:

G is considered as the genetic covariance matrix of the
random regression coefficients assumed to be the same
for all cows; A is considered as the additive genetic
relationship matrix among all animals;  is the
Kronecker product operator; P is the permanent
environment covariance matrix of the random regression
coefficients assumed to be the same for all cows; residual

covariance matrix was equal to R = I
2

e in which I is an

identity matrix, and
2

e the residual variance was
assumed to be constant throughout the lactation. Breeding
values for 305MY for each animal is received by the sum
of the EBV of each tth DIM (Cobuci et al., 2007):

All the analyses were done with the DXMRR software of
Meyer (1998).

RESULTS AND DISCUSSION

A model for analyzing test day records including
both fixed and random coefficients was applied for the
genetic evaluation of first lactation data of Iranian
Holstein dairy cows. Means, standard deviations (SD)
and range of the EBV for each persistency measure and
305MY is given in Table 2. The maximum and minimum
mean were observed for PS5 (8.36) and PS2 (0.06). The
average EBV for milk yield was 103.66 with maximum
and minimum of, respectively, 3941 and -2696. Standard
deviations varied among different measures of
persistency. The estimated standard deviations of EBV
were lower for the PS2 and PS3 compared with other
measures. Higher values of SD shows higher variation
among animals and that a higher percent of EBVs are far
from the mean.

The EBVs for the 305MY of the top ten cows
and their corresponding EBV for each measure of
persistency of lactation are given in Table 3. There are
differences in the ranking of cows, regarding different
persistency measures and milk yield. The top five cows
for 305MY ranked 4, 5, 7, 3, and 10 for PS1, while their
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ranking was 1, 2, 3, 4, and 6 for PS2. The spearman
correlation between 305MY and PS2 was very high. But,
the correlation between 305MY and PS1 was low. The
low correlation between PS1 and 305MY showed that
this measure is not a suitable criterion for selection to
improve both lactation persistency and milk yield.

The estimated correlation between persistency
of lactation and 305MY differed among persistency
measures (Table 4). Correlations between EBVs of
different measures of lactation persistency ranged from
0.32 to 0.99. Genetic correlation between persistency and
milk yield significantly depends on the lactation order
and the measures of used persistency (Cobuci and Costa,
2012). The correlation between cow EBVs for PS3 and
PS4 was very high (0.99). The high correlation between
persistency measures showed that selection based on
these measures of persistency would result in higher
lactation persistency and higher 305MY (Moradi
Shahrbabak, 1997). The same trend was observed for
correlation between PS3 and PS4 (0.99) and PS2 and PS4
(0.98). The correlation between PS1 and PS5 was low
(0.32). Reported estimates of correlations between EBVs
of different measures of persistency of lactation are larger
than 0.90 for both sires and cows which show that
different measures of persistency provide similar ranking
of animals (Cobuci et al., 2007).

The correlations between measures of
persistency and 305MY had a range between 0.35 to 0.99
(Table 4), with the lowest correlation observed between
PS1 and 305MY (0.35). Jacobsen et al. (2002) studied
five different measures of persistency using RRM and
showed that the estimated genetic correlation between
persistency of lactation measures and 305MY ranged
from 0.00 to 0.47. In addition, Jamrozik et al. (1997)
estimated genetic correlations between persistency
measures and 305MY of 0.1 to 0.55. Their estimates were
lower than current findings. Togashi et al. (2004)
reported that selection on breeding values at 280 days
improves both lactation persistency and milk yield.

The correlation between 305MY and PS2, PS3,
and PS4 were considerably high (0.97-0.99), while the

observed correlation between 305MY and PS5 was
relatively low (0.52) which was in agreement with
Cobuci et al. (2007). Thus, selection on PS2, PS3, and PS4
is expected to provide similar results. The correlations
between 305MY and PS2, PS3 and PS4 reported by
Cobuci et al. (2007) were 0.5, 0.59 and 0.46,
respectively, which were lower than our estimates.
Kheirabadi and Alijani (2014) studied six persistency
measures in Iranian Holstein dairy cows using RRM and
reported estimates of genetic correlation with 305MY
from -0.33 to 0.55. Also, they reported the correlation
between 305MY and PS5 as 0.52 which was similar to
current result (0.52). However correlation between
305MY and PS4 measure was 0.41 which was lower than
our result (0.94). Also Cobuci et al. (2004) showed a
weak genetic correlation between PS4 and 305MY (0.31)
which indicate that, cows with the same milk production
may present different levels of lactation persistency.
According to our results, selection of animals that show
higher levels of lactation persistency can result in positive
correlated response in 305MY.

In conclusion, our results showed a relatively
weak association between 305MY with PS1 and PS5,
while the correlations with PS2, PS3 and PS4 with 305MY
were strongly positive. So, these traits could be used to
improve lactation persistency and milk production of
Iranian Holstein dairy cows. Further, studies are needed
to use other methods for modeling the lactation curve of
dairy cows and to know best method for genetic
evaluation of dairy cows concerning lactation curves.

Table 1. Summary of the data and pedigree file used
for genetic analysis.

No. of Animals with record 4344
No. of Animals in pedigree 12827
No. of Sire 1041
No. of Dam 8039
No. of Herd 81
No. of Herd- year-test day classes 1127

Table 2.The mean persistency of lactation, milk yield for a population of Holstein.

Trait Mean SD Maximum Minimum
1PS 1.94 5.80 168.30 123 -
2PS 0.06 0.95 5.60 4.302 -
3PS 0.149 1.04 5.67 4.295 -
4PS 0.86 5.34 30.22 21.53 -
5PS 8.36 619.40 99.12 -53.60

305MY 103.66 13.57 3941 2696 -
SD, standard deviation; PS1- PS5, Measures of persistency lactation; 305MY. 305-day milk yield
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Table3. Estimated breeding values for PS1 and PS2 measures and 305 milk yield.

Table 4. Rank correlation of estimated breeding values for different lactation persistency and milk yield

Trait 1PS 2PS 3PS 4PS 5PS t305MY
1PS 1 0.33 0.34 0.35 0.32 0.35
2PS 1 0.99 0.981 0.40 0.97
3PS 1 0.99 0.44 0.98
4PS 1 0.48 0.99
5PS 1 0.52

305MY 1
PS1- PS5, Measures of persistency lactation 305MY, 305-day milk yield
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