
Introduction

In the tropical areas, crossbreeding between Bos

taurus and B. indicus has been used widely for

complementary purposes of milk production

and heat tolerance. In Thailand, Holstein Friesian

and Zebu breeds, such as Brahman or Native cat-

tle, are major breeds for dairy production. Produc-

tion systems range from smallholders to

large-scale enterprises. Data obtained from small

herds might distort the estimation of genetic pa-

rameters (Preisinger et al. 1986). However, exclu-

sion of small herds is not a decent sampling for the

dairy population in many tropical countries, such

as Thailand, Vietnam, the Philippines, etc. Many

studies applied contemporary group (CG) by com-

bining herd, year and season at calving (Metzger et

al. 1994; Pribyl and Pribylova 2001; Urioste et al.

2003). The boundary of seasons from different lo-

cations is somewhat difficult to determine (Van

Vleck 1987), especially in tropical countries.

Therefore, the use of herd-year-month might be

more appropriate (Duangjinda and Tramas 2001).

However, a small number of records per CG could

increase the prediction error variance (Henderson

1973; Ojala et al. 1985; Van Vleck 1987). The use

of fixed or random CG in the genetic evaluation

model has long been debated; fitting CG as fixed
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in the mixed model was introduced by Henderson

(1973) and pointed out by Van Vleck (1987). Gen-

erally, CG could be applied either as a fixed effect

(Van Bebber et al. 1997; Urioste et al. 2003), or as

a random effect (Urgate et al. 1992; Visscher

and Goddard 1993). Age at calving could be ad-

justed in the model either by fitting age as a linear

or quadratic covariate (Suzuki and Van Vleck

1994; Koonawootrittriron et al. 2002; Lee and

Han 2004) or as classed (Metzger et al. 1994;

Boettcher et al. 2003). The adjustment by

age-class within lactation was implemented as

well (Dematawewa and Berger 1998; Boettcher et

al. 2003; Urioste et al. 2003; Kearney et al. 2004).

Recently, genetic evaluation using crossbreed

models has been developed (Van Raden 1992;

Elzo 1994; Lutaaya et al. 2001). In Thailand, how-

ever, those models could not be implemented be-

cause milk records from both European breeds and

indigenous breeds are not available. In addition,

the inclusion of heterosis effects in the model is

also problematic, because all breed combinations

are difficult to classify. Dominance effects could

be considered in crossbred evaluation. The interest

in genetic dominance effects has increased after

the development of an efficient algorithm for rapid

inversion of the parental dominance relationship

matrix described by Hoeschele and Van Raden

(1991). The dominance effect for milk yield has

been reported in several studies. Estimates of

dominance variance as a proportion of total vari-

ance by method R for milk yield were 5% in Hol-

steins (Van Tassell et al. 2000) and 2.5% in

crossbred Holsteins (Duangjinda and Tramas

2001). The objective of this study was to compare

models for appropriate genetic parameter estima-

tion for milk yield (305-day) in a crossbred Hol-

stein population in the tropics, where only records

from crossbred cows were available. Models with

different effects of CG formation, age at calving,

and dominance were evaluated. Data from

smallholders were included or excluded to vali-

date the parameter estimates for appropriate ge-

netic parameter estimation for milk yield

in crossbred Holsteins.

Material and methods

Data

Milking lactation records (305-day, taken twice

a day) from 1978 to 2003 were obtained for

crossbred Holsteins from dairy organizations

and smallholders throughout Thailand. Only cows

with more than 60 days of milk records were used

in the analysis. Incomplete records were adjusted

to 305-day lactation by linear interpolation.

Multiple parity records were used. Lactation

numbers greater than 5 were grouped basing on

similar production means. Age at calving

in months was used as a linear or quadratic

covariate and age in years was used as classed. Hot

(March-June), rainy (July-October) and winter

(November-February) calving seasons were

distinguished. The Holstein fraction in crossbred

cows was broken down into 5 groups (<50%,

50.1–75.0%, 75.1–87.5%, 87.5–93.75%

and >93.75%). CGs were formed by combining

herd, year and season (HYS) or month (HYM) of

calving classes. Single-record CGs were removed.

After editing, 29 529 lactation records were
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Table 1. Data structure for the analysis

Data set

A

(all herds)

B

(no small herds)

C

(only small herds)

No. of HYS classes 1370 – 888

No. of HYM classes 2730 1418 1312

No. of lactation records 29592 27642 1950

No. of animals in pedigree 12645 11002 8080

No. of animals with records 11037 9298 1745

No. of parental dominance classes 11148 9425 –

No. of full sibs 3249 3154 –

No. of herds 301 21 291

Average no. of cows per herd 46.8 444.2 8.2

Average no. of records per HYS 20.4 – 2.0

Average no. of records per HYM 10.5 17.4 1.4

Average 305-day milk yield � SE (kg) 3753 � 1088 3734 � 1070 4050 � 1297

Blank means that no information required in the model analysis.



available for the analysis. The data file was

separated into 3 sets: including all herds

(data set A), excluding small herds (data set B),

and including only small herds (data set C).

The data structure is shown in Table 1.

Model analysis

Restricted Maximum Likelihood using the Aver-

age Information algorithm (AIREML) was used to

estimate the additive genetic, permanent environ-

mental and residual variances, while Best Linear

Unbiased Prediction (BLUP) was used to estimate

breeding values. The analyses were performed using

the AIREMLF90 and BLUPF90 programs (Misztal

2000) in BLUPF90-DairyPAK 2.4 (Duangjinda et

al. 2004). The model with the highest R2 within the

same data set was considered the best. The R2 is

defined as:
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where yi = the 305-day milk yield of ith cow,

y= the average 305-day milk yield,

and �yi = the 305-day milk yield predicted from

the estimators of fixed and random effects

in the model. In addition, rank correlation and ab-

solute difference in estimated breeding values be-

tween the standard Model A5 and the other models

were calculated. The Holstein fraction, additive

genetic and permanent environmental effects were

included in all models. The presence of other ef-

fects and data sets used in the model analysis are

described in Table 2.

In matrix notation, models with effects of fixed

CG, random CG and dominance are described in

equations (1), (2) and (3), respectively:
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where y = vector of 305-day milk yield, b = vector

of fixed effects of CG, Holstein fraction, lactation

number, and age at calving, � = coefficient of in-

breeding depression, cg = vector of random effects

of CG, a = vector of random additive genetic ef-

fects, pe = vector of random permanent environ-

mental effects, f = vector of random parental

dominance effects, e = vector of random residual

effects; X, Q, Z and W = known incidence matri-

ces, A = additive numerator relationship matrix,

F = matrix of parental dominance relationships;

and � cg
2 , � a

2 , � f
2 , � pe

2 , � e
2 = the CG, additive, pa-

rental dominance, permanent environmental and

residual variances, respectively.
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Table 2. Effects included in the compared models

Model CG1
Age2

Lactation

No.
Dominance Data set3

AL AQ AC AC × L

A1 HYS � � A

A2 HYM � � A

A3 HYM � � A

A4 HYM � � A

A5 HYM � A

A5R HYM(R) � A

A6 HYM � � A

B1 HYM � B

B2 HYM � � B

C1 HYM � C

C2 HYS � C

1 CG = contemporary group, HYS = herd-year-season, HYM = herd-year-month, (R) = as a random effect; 2 AL = age as a linear covariate, AQ =

age as a quadratic covariate, AC = age-class, AC × L = age-class lactation; 3 A = all herds, B = excluding small herds, C = only small herds



Results and discussion

Estimation of variance components

Parameter estimates for proposed models are

shown in Table 3. The h2 values were between

0.18 and 0.22, so they fitted within the normal

range for 305-day milk yield (Carabano et al.

1989; Chauhan and Hayes 1991; Suzuki

and Van Vleck 1994; Dematawewa and Berger

1998). The use of HYM as CG (Model A2) re-

sulted in higher R2 than the use of HYS

(Model A1). This result shows that HYM included

in a model was more efficient than HYS.

Heritability was upwardly biased and the perma-

nent environmental variance as a proportion of

total variance (pe2) was downwardly biased

when only data from small herds were used

(Model C1). This might imply that a small number

of records per CG affected the estimate and caused

confounding between additive and permanent en-

vironmental effects. Increasing the number of re-

cords per CG by reforming CG to HYS (Model

C2) gave a better estimate of h2, but pe2 remained

deflated. Model A5R showed that CG accounted

for 33.3% of the total variation, which was similar

to the 30% reported by Chauhan (1987). In our

study, however, setting CG as a random effect

caused an extreme decrease in pe2. In addition,

a downward bias of h2 with a higher SE was found.

In this study, age adjustment by linear covariate

(Model A2), quadratic covariate (Model A3),

age-class (Model A4) and age-class × lactation

(Model A5) showed slight differences in estimates

of heritability and variance components. How-

ever, Model A5 had higher R2. Age-class × lacta-

tion has recently been applied in many genetic

evaluations (Dematawewa and Berger 1998;

Boettcher et al. 2003; Urioste et al. 2003; Kearney

et al. 2004). Best Linear Unbiased Estimator

(BLUE) showed that the effects of age at calving

gave a different response of milk yield for each

lactation (Figure 1).
The estimates of d2 for milk yield in this cross-

bred population were very low (Model A6).
The small amount of full-sib classes might be one
reason for this. The exclusion of small herds
slightly decreased the estimates of d2 (Model B2).
However, both data sets gave dominance variance
as a proportion of total variance of less than 1%.

The estimate was smaller than reported in pure-
bred Holsteins (Van Raden 1992; Miglior et al.
1995; Van Tassel et al. 2000). Inbreeding depres-
sion estimates showed that production losses were

approximately 2.5 kg of milk per 1% increase
in inbreeding.

The inclusion or exclusion of small herds from
the analysis had little effect on parameter esti-
mates (Models B1 and A5). However, h2 estimates
from all data had a smaller standard error. In addi-
tion, this study confirmed that the use of only
small herds (Model C1) affected the genetic pa-
rameter estimates (Preisinger et al. 1986; Chauhan
et al. 1990). The h2 was upward biased and pe2

showed a downward bias. A high standard error
of heritability also showed the low accuracy of
the estimates. Increasing CG size (Model C2) gave
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Table 3. Estimates of total variance (� p
2 ), proportions of its components: permanent environmental variance (pe2),

CG variance (cg2), and dominance variance (d2), heritability (h2 ), coefficient of inbreeding depression (�), and R2

from analysis models for 305-day milk yield (kg)

Model
� p

2 h2 SE(h2) pe2 Cg2 d2
� R2

A1 774090 0.21 0.006 0.13 Nd nd nd 0.6558

A2 762500 0.21 0.006 0.13 Nd nd nd 0.6812

A3 762030 0.21 0.006 0.13 Nd nd nd 0.6818

A4 762560 0.22 0.006 0.13 Nd nd nd 0.6731

A5 761410 0.22 0.006 0.14 Nd nd nd 0.6890

A5R 1196800 0.18 0.011 0.07 0.33 nd nd 0.6558

A6 761500 0.22 0.012 0.13 Nd 0.00 –2.39 0.6726

B1 764680 0.22 0.010 0.14 Nd nd nd 0.6623

B2 764760 0.22 0.009 0.13 Nd 0.00 –2.55 0.6623

C1 640310 0.50 0.064 0.01 Nd nd nd 0.9737

C2 699510 0.24 0.023 0.00 Nd nd nd 0.8782

SE = standard error; nd = not determined



better estimates of h2, but the downward bias
of pe2 could still be seen.

Rank correlation of breeding values

Rank correlations and average absolute differ-

ences in breeding values between Model A5,

which was proposed as the standard model in this

study, and other models are shown in Tables 4

and 5. The smallest rank correlation and highest

average absolute differences in breeding values

were found when Model A5 was compared with

Model A5R (random CG). A high absolute differ-

ence in breeding values indicates the error in trans-

mitting ability (Urisote et al. 2003). The inclusion

of dominance effects in Model A6 slightly

changed breeding value prediction, as compared

with Model A5.

Conclusions

Results of this study show that CG formation by

using HYM gives higher R2 than by using HYS.

Treating CG as a random effect caused a down-

ward bias of permanent environmental variance as

a proportion of total variance in this study. No type

of age adjustment had much effect on the esti-

mates of genetic parameters. However, the age-

class × lactation effect gave the highest R2. The in-

clusion of dominance effects in the model analysis

might not be necessary for this crossbred popula-

tion due to the extremely low dominance variance.

The use of all herds or exclusion of small herds

gave similar estimates of parameters. However,

h2 estimates from all data had a smaller standard

error. Thus genetic evaluation from only small
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Figure 1. Effect of age-year × lactation on milk yield (� lactation 1, � lactation 2,� lactation 3, and� lactation 4)

Table 4. Rank correlations of predicted breeding values between Model A5 and Models A1, A2, A3, A4, A5R

and A6 for selected groups of animals

A1 A2 A3 A4 A5R A6

All Sire 0.908 0.989 0.989 0.994 0.743 0.999

Dam 0.975 0.996 0.996 0.997 0.936 0.999

Top 100 Sire 0.891 0.970 0.971 0.981 0.715 0.998

Dam 0.948 0.981 0.979 0.988 0.914 0.998

Top 50 Sire 0.899 0.966 0.975 0.975 0.818 0.998

Dam 0.929 0.983 0.978 0.990 0.905 0.997



herds is not recommended, even though

smallholders form a major system for dairy pro-

duction in many tropical countries.
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