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In India, sire evaluation is done mainly on the basis of
305-day or less first lactation milk yield (lactation model)
at organized farms. This leads to increased generation
interval, decreased genetic gain per unit of time and fewer
numbers of daughters per sire due to smaller herd size. To
overcome these constraints, the test-day milk yield records
at monthly interval are suggested for sire and cow
evaluation. Sire evaluation using a test-day model was
reported to have higher accuracy, due to having a larger
number of measurements per daughter than one lactation
record in 305-day milk yield model, can directly account
for short-term environmental factors specific to individual
yields as well as individual variation of the shape of the
lactation curve among cows. In 305-day milk yield models,
only average lactation curve of cows are considered. Within
the test-day model approach, the genetic component of the
lactation curve can be modeled by fitting regression
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ABSTRACT

In the present study, first three lactation 305-day milk yield variance components, genetic parameters and breeding
value were estimated using test-day milk yield and 305-day actual milk yield data of Sahiwal cattle. The estimates
were obtained using three methods viz. random regression model (RRM) with homogeneous residual variance
(RRM-HOM), RRM with heterogeneous residual variance (RRM-HET) and univariate animal model. The additive
genetic variance of 305-day milk yield estimated from RRM was higher compared to univariate animal model for
all lactation. From RRM, it was possible to account for permanent environmental effects due to individual milk
yield variations during lactation. The heritability estimates were low for first (0.072 to 0.079) and third lactation
(0.087 to 0.112) 305-day milk yield from all three methods. For second lactation, low heritability estimate from
univariate animal model (0.144) and moderate estimate from different RRM (0.206 to 0.219) were obtained. For all
lactation, breeding value rank correlation was more than 0.78 between lactation model and random regression test-
day model. The same bull was identified as top ranking bull from all three methods. It can be concluded that
random regression test-day models can replace conventional 305-day lactation model for genetic evaluation as it
resulted in higher additive genetic variance estimates, gave similar/higher heritability value and moderate to high
rank correlation estimates for breeding values.
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coefficients for each animal, commonly referred to as
random regression (RR) coefficients. Applying random
regression models (RRM) to test-day records allows
evaluation of cows for parameters associated with shape of
the lactation curve simultaneously with production level.
Use of orthogonal polynomial functions especially
Legendre polynomials (LP) reduces correlation among
estimated regression coefficients in comparison to other
functions with the same number of parameters (Schaeffer
2004). The residual variance changes over time and this
heterogeneity of residual variance across the lactations has
been modeled by dividing the lactation length into different
intervals, with an assumption of homogeneity within
intervals and heterogeneity between intervals (Jaffrezic et
al. 2000, Prakash et al. 2016).

Sahiwal is one of the best dairy cattle breed of India.
There is no report of comparison of genetic evaluation of
Sahiwal cattle using random regression test-day model and
305-day milk yield model. Hence, present study compared
the conventional 305-day milk yield model and the random
regression test-day model for the genetic evaluation of
Sahiwal cattle in different lactations.

MATERIALS AND METHODS

Source of data: Data were collected from the history
sheets and daily milk record registers of Sahiwal cows
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maintained at ICAR-National Dairy Research Institute
(NDRI), Karnal, India. The records on first to third lactation
traits of Sahiwal cattle, spread over a period of 52 years
(1961 to 2012), were collected for the present study. Detail
of data structure and basic statistics of the data are given in
Table 1. The geographical location of NDRI livestock farm
is at an altitude of 250 meters above the mean sea level in
the Indo-Gangetic alluvial plains on 29°42’ N latitude and
72°02’ E longitude. The climate of the farm is subtropical
in nature. The detail of feeding, breeding and management
practices followed at the farm was as described by Gupta
(2013). The test-day milk yield records were collected from
the daily milk yield recording registers of Sahiwal cows.
Sahiwal cows were milked three times a day and daily milk
yield was calculated by adding three milk yield records in
a particular day. A total of ten individual monthly milk yields
were collected at an interval of 30 days from sixth day to
276th day of lactation. Actual 305-day milk yield was
calculated by adding the daily milk yield from sixth day of
lactation to 305-day or less. The records of the animals with
known pedigree and normal lactationas reported by Prakash
et al. (2015) were considered for this study.

Statistical analysis
The variance components of 305-day milk yield of first,

second and third lactation were estimated using univariate
animal model and single trait random regression test-day
animal model.

305-day milk yield model: For variance component
estimation of actual 305-day lactation milk yield (lactation
model), a univariate animal model was used. A mixed model
analysis was carried out to obtain restricted maximum
likelihood estimate of covariance components with software
WOMBAT (Meyer 2007).

Yijklmn = µ + Si + Pj + Ak + Dl+ am + eijklmn
Where, Yijklmn, 305-day or less milk yield; Si, fixed effect

of ith season of calving; Pj, fixed effect of jth year of calving;
Ak, fixed effect of kth age group class; Dl, fixed effect of lth
days open class; am, animal’s random additive genetic effect

NID (0, 2
a) and eijklmn is random residual effect NID (0,

2e).
Random regression test-day model: A single trait linear

mixed random regression test-day model was applied to
monthly test-day records of Sahiwal cattle in different
lactation.To find suitable RRM, 22 model similar to Prakash
et al. (2016) were fitted. For Random regression models
with homogenous residual variance (RRM-HOM), a
constant variance along days in milk (DIM) were
considered. Residual effects on different DIM were
uncorrelated both within and between cows. For random
regression model with heterogeneous residual variance
(RRM-HET), residual variance was assumed to be constant
for test-day records within, but different (heterogeneous)
between the followings nine lactation period classes (6 to
35, 36 to 65, 66 to 95, 96 to 125, 126 to 155, 156 to 185,
186 to 215, 216 to 245 and 246 to 276 DIM). The 2e of

RRM-HET was calculated as  where

n is number of residual variance class.The average lactation
curve was modeled using 5th order LP. The fixed effect
classes used in the model were similar to those reported by
Prakash et al. (2015). Most suitable model was identified
on the basis of residual variance and Schwarz’s Bayesian
information criteria (BIC) value. The analysis was
performed using a single-trait random regression model by
WOMBAT software (Meyer 2007).

The random regression model used in the analysis was:
y= Xb + Za + Wp + e

Where, y, vector of test-day milk yields of Sahiwal cows;
b, vector of fixed effects (season of test-day recording
month, year of calving, age at calving and days open class);
X, incidence matrix relating test-day milk yields to fixed
effects; p, vector of permanent environmental random
regression coefficients (RRC); a, vector of additive genetic
RRC; Z and W are covariate matrices for ‘a’ and ‘p’,
respectively, and ‘e’ is the vector of random residual effects
associated with y. The assumption of this model was

Where, G, variance-covariance matrix of additive genetic
RRC; A, additive genetic relationship matrix among the
animals, , Kronecker product function; P, variance-
covariance matrix of permanent environmental RRC; I,
Identity matrix and R is diagonal matrix of residual
variances.

Estimation of 305-day milk yield variance from random
regression test-day estimates: As the test-day records were
taken up to 276th day of lactation, so in order to calculate
the 305–day milk yield variance, the covariance function
were transformed to actual days in milk (six to 305 day) as
suggested by Kirkpatrick et al. (1990).

Additive genetic variance of 305-day milk yield =

Table 1. Basic statistics and data structure for
different lactation in Sahiwal cattle

Particulars of data First Second Third
lactation lactation lactation

Number of animals 867 714 373

Number of animals 635 425 306
with records

Number of sire with 67 55 47
progeny in data

Number of dams 447 397 114
Number of test 5890 3884 2852

day records
Mean±SE of 305-day 1889.19± 2083.68± 2244.28±

milk yield (kg) 25.05 34.19 40.09
C.V% of 305-day 33.47 33.83 31.20

milk yield
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Permanent environmental variance of 305-day milk yield

=

 Where, Zc305MY, vector of the summations of LP
corresponding to 6th to 305th day lactation milk production;
P, permanent environmental RRC matrix and G is additive
genetic RRC matrix.

Error variance ( ) of 305-day milk yield: Random
regression model with homogenous residual variance

=

 Random regression model with heterogeneous residual

variance = where n is residual

variance class.
Estimation of daily breeding value: EBV for an animal

(j) in any given days in milk (t) was calculated as

Where, , solutions for additive genetic RRC of animal
j and Ct is vector of covariates of legendre polynomials on
day t of lactation.
Prediction of 305-day milk yield breeding value from daily
breeding value:

where, EBVjt, expected breeding value of jth animal in
any day in milk t.

Spearman’s rank correlation: The Spearman’s rank
correlations between breeding values of sires and cows
derived from various methods was used to judge the
effectiveness of different methods. The rank correlation was
estimated as per Spearman (1904).The significance of rank
correlation was tested by t-test with (n-2) degrees of freedom

as given 

RESULTS AND DISCUSSION

Model selection: Model with lower residual variance and
lower BIC value was preferred. The model with a third order
LP to model additive genetic effect and sixth order LP to

model permanent environmental effect was found best for
all lactation from RRM-HOM. However, from RRM-HET,
for first lactation, model with fourth order LP to model
additive genetic effect and fifth order LP to model
permanent environmental effect were found best. For second
and third lactation, model with third order polynomial to
model additive genetic effect and fifth order polynomial to
model permanent effect were found best (Table 2).

Variance component and heritability of 305-day milk
yield: Details of various estimates from different methods,
and its comparison are presented in Table 3. From RRM, it
was possible to account for permanent environmental
variance arising due to individual milk yield variations
during lactation. However, analysis using standard
univariate animal model, the environmental variances were
not split in permanent and temporary. Therefore, to compare
estimates obtained from the three methods, the
environmental temporary and permanent variances obtained
from RRM were summed. In general, genetic variances and
variances of the permanent environmental effect went up
substantially between the first and second lactation. The
differences between the permanent environmental variances
in the second and third lactations were small.

Perusal of Table 3 shows that 305-day milk yield additive
genetic variance estimated from RRM was higher compared
to univariate animal model for all lactation. Among the
random regression model, RRM-HET gave higher additive
genetic variance estimates. Contrary to results of present
study, others have found higher estimates of additive genetic
variance for first lactation 305-day milk yield (Sawalha et
al. 2005, Kaygisiz 2013).

The heritability estimates were low especially for first
and third lactation 305-day milk yield from all three
methods. For second lactation, low heritability estimate
from univariate animal model and moderate estimate from
different random regression models were obtained.
However, higher heritability estimates were obtained by
Zavadilova et al. (2005), Kumar et al. (2009), Hossein-
Zadeh (2012), Gupta (2013) for first lactation 305-day milk
yield. The estimate obtained in the present study for second
lactation 305-day milk yield was similar to estimate of
Hossein-Zadeh (2012) but lower than the estimates reported
by Zavadilova et al. (2005), Gupta (2013). For third
lactation, 305-day milk yield, higher estimates were
reported by Zavadilova et al. (2005), Hossein-Zadeh (2012),

Table 2. Description of best random regression test-day models fitted for different lactation in Sahiwal cattle

Order of Number of First lactation Second lactation Third lactation
fit (k) parameters

ka (kp) (Np) BIC value 2 e BIC value 2 e BIC value 2 e
Random regression model with homogeneous residual variance (RRM-HOM)

3 6 28 10657.92 0.89 8648.77 1.31 6292.54 1.20
Random regression model with heterogeneous residual variance (RRM-HET)

3 5 30 - - 8597.90 1.67 6255.88 1.67
4 5 34 10635.24 1.04 - - - -

2
e, error variance; ka, order of fit for additive genetic effect; kp, order of fit for permanent environmental effect.
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Gupta (2013). Comparatively lower estimate of heritability
may be attributed to data structure and limited variability
present in the Sahiwal herd at NDRI, Karnal. Over the years,
very limited introduction of variability has been made in
the herd by purchase of Sahiwal cows from breeding tract.
Differences between the estimates from the present study
and other studies may also be due to including different
functions related to the changes in lactation curve in the
model, sire model vs. animal model and different
assumptions used (heterogeneous residual variance vs.
constant residual variance across lactations).

Breeding value and rank correlations: The trend of sire
breeding value of test-day milk yields along different period
of lactation is given in Fig. 1. Similar trends were seen for
cow breeding value. The average test-day breeding value
of sires ranged from 5.12 kg to 8.20 kg for first lactation,
from 5.46 kg to 11.15 kg for second lactation, and from
5.63 kg to 11.72 kg for third lactation by RRM-HOM model.
Similar estimates were obtained from RRM-HET model.
The average test-day milk yield breeding value for cow
ranged from 5.10 kg to 8.16 kg for first lactation, from 5.44
kg to 11.10 kg for second lactation, and from 5.63 kg to
11.72 kg for third lactation by RRM-HOM model. Similar
estimates were obtained from RRM-HET model. Similar
test-day breeding value pattern was obtained by Singh
(2014) in Karan-Fries cattle.

The rank correlation among the cows as well as sire 305-
day milk yields breeding values, from RRM and lactation
model were moderate to high. For all lactations, rank
correlation was more than 0.78 (Table 3). It was found that
among the top ten sires, six sire for first lactation, seven
sire for second lactation and eight sire for third lactation
were common in all three lists (Table 4). From all three
methods, same bull was ranked on the top. Sawalha et al.
(2005) also found that predicted breeding values with 305-
day lactation records were moderately correlated with those
with test-day models, and the correlation ranged from 0.71
to 0.87 for sires and 0.80 to 0.87 for cows. Zavadilova et

al. (2005) observed high rank correlation of 0.98 between
test-day model and lactation model in Holstein cows. Cilek
et al. (2008) found correlation between breeding values
estimated using test-day milk yields and breeding values
of 305-day milk yield as 0.876 in Simmental cattle.

It can be concluded that 305-day milk yield estimates
from random regression model gave higher additive genetic
variance, and moderate to high rank correlation for expected
breeding value. It was also observed that random regression
can account for lactation curve variation of the animals,
and major part of the residual variance is partitioned into
permanent environmental effects. Thus, random regression
model can replace the conventional lactation model for
genetic evaluation of Sahiwal cattle.

Fig. 1. Trend of sire test-day breeding value estimated from
best RMM-HOM for different lactation in Sahiwal cattle. LACT1,
first lactation; LACT2, second lactation; LACT3, third lactation;
BV, breeding value; RRM-HOM, random regression model with
homogeneous residual variance.

Table 3. Comparison of 305-day milk yield variance,
heritability and rank correlation of breeding values estimated

with different models in Sahiwal cattle

Component Lactation RRM- RRM-
model HOM HET

First lactation 305-day milk yield
Additive genetic 25635.80 28447.80 31752.80

variance (kg2)
PE variance (kg2) - 278797.70 274126.60
Residual variance 330732.00 79790.40 93371.00

(kg2)
Phenotypic variance 356367.80 387035.90 399250.40

(kg2)
Heritability (Va/Vp) 0.072 0.073 0.079

Spearman’s rank Correlation
Sire breeding value 1 0.82 0.85
Cow breeding value 1 0.80 0.81

Second lactation 305-day milk yield
Additive genetic 64420.60 128538.80 128911.50

variance (kg2)
PE variance (kg2) - 340865.20 341357.50
Residual variance (kg2) 383987.00 118089.00 155070.00
Phenotypic variance 448407.60 587493.00 625339.10

(kg2)
Heritability (Va/Vp) 0.144 0.219 0.206

Spearman’s rank Correlation
Sire breeding value 1 0.78 0.79
Cow breeding value 1 0.79 0.79

Third lactation 305-day milk yield
Additive genetic 51216.6 52783.19 51358.09

variance (kg2)
PE variance (kg2) - 383089.30 387344.40
Residual variance (kg2) 383142.00 108027.00 150200.00
Phenotypic variance 434358.60 543899.50 588902.50

(kg2)
Heritability (Va/Vp) 0.112 0.097 0.087

Spearman’s rank Correlation
Sire breeding value 1 0.90 0.89
Cow breeding value 1 0.89 0.89

RRM-HOM, random regression model with homogeneous
residual variance; RRM-HET, random regression model with
heterogeneous residual variance; Va, additive genetic variance;
Vp, phenotypic varaince; PE, permanent environmental variance
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Table 4. Estimated breeding value (EBV) of 305-day milk yield
(kg) as deviation from population mean and rank of top ten

Sahiwal sires using different models

Method RRM-HET RRM-HOM Lactation Model

First lactation
Rank Sire ID EBV Sire ID EBV Sire ID EBV
1 526* 336.659 526* 301.124 526* 238.261
2 1404* 276.514 1404* 240.770 1404* 165.073
3 1090* 251.442 1090* 212.914 1090* 159.877
4 1421* 222.792 1558 187.577 310* 152.392
5 1572* 192.082 1421* 177.661 1376 139.472
6 310* 189.790 310* 176.921 1424 127.039
7 1558 188.724 1572* 167.011 1421* 124.384
8 1563 171.986 1563 166.327 1069 124.368
9 1337 160.079 446 149.674 1564 122.579
10 1564 156.580 453 144.199 1572* 115.31

Second lactation
1 1424* 798.614 1424* 798.131 1424* 325.654
2 1404* 613.568 1404* 573.492 530* 286.097
3 1376* 561.973 1376* 553.186 1220* 221.512
4 1510* 533.665 1069* 536.332 1376* 214.85
5 1069* 498.711 1510* 527.573 1069* 191.341
6 530* 493.952 530* 495.200 1510* 158.286
7 1502 443.460 1502 422.403 327 136.293
8 1220* 382.077 1220* 386.142 619 135.723
9 1301 376.690 1090 344.607 1404* 134.757
10 1572 364.926 1301 343.848 1060 133.593

Third lactation
1 252* 214.651 252* 219.804 252* 140.163
2 1572* 172.451 1572* 179.843 1572* 107.168
3 1424 163.212 1424 147.230 327* 98.601
4 1565* 120.425 327* 130.902 494 81.133
5 327* 118.605 1565* 128.319 MISTRI 76.076
6 1220* 108.392 1220* 108.959 1220* 68.230
7 1337* 106.346 1033* 104.982 1565* 62.184
8 530* 92.096 1337* 99.879 530* 54.549
9 1033* 86.052 530* 93.965 1337* 46.010
10 506 83.851 MISTRI 88.349 1033* 40.988

*Denotes common sire; RRM-HOM, random regression model
with homogeneous residual variance; RRM-HET, random
regression model with heterogeneous residual variance
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