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Abstract 
This study was conducted to estimate variance components and genetic pa-
rameters for 305 days mature equivalent milk yields (MEM) and calving in-
terval (CAI) of registered Xinjiang Brown cattle. The total records were 3940 
including 2579 for 305-day MEM and 1970 for CAI, which were collected 
from Xinjiang Urumqi Cattle Breeding farm in China with calving records 
from 1990 to 2008. Genetic parameters were obtained by multiple trait deriva-
tive-free restricted maximum likelihood (MTDFREML) using animal model. 
The model included year, season, parity and calving interval of calving for 305 
days MEM, and year, season and parity of birth for CAI as fixed effects. Heri-
tability for 305 days MEM was moderate (0.39) and in the same range of pa-
rameters estimated in management systems with medium production levels. 
Heritability of calving interval was small (0.02) as fertility traits for Xinjiang 
Brown cattle. Estimates of genetic and environmental correlations between 305 
days MEM and CAI were 0.47 and 0.37, respectively. Estimates of genetic var-
iation and heritability indicated that selection would result in genetic improve-
ment of production traits. Estimates of both heritability and genetic variation 
for CAI were small, which indicates that genetic improvement would be difficult. 
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1. Introduction 

The Xinjiang Brown cattle belong to the dual-purpose cow. As early as in 
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1935-1936, the Brown Swiss were introduced into China from abroad, and the 
local Kazakh cattle of Xinjiang region were hybridized by Brown Swiss since 
then. In order to improve production performance of the local Kazakh cattle, the 
Allah itau cattle and Costello cattle were successively introduced from the for-
mer Soviet union in 1951-1956, and three groups of Brown Swiss, frozen semen 
and embryo were again introduced from West Germany and Austria in the years 
1977 and 1980. In the 1983, the Department of Animal Husbandry of Xinjiang 
Uygur Autonomous Region had organized experts to do the certification varie-
ties work in China, and the improved Kazakh cattle has passed the examination 
and approval of the varieties; the experts claimed that the improved Kazakh cat-
tle is a dual-purpose of indigenous breed, and it has good cold resistance, resis-
tance to coarse feeding and strong adaptability characteristic after long-term 
breeding and acclimatization. At present, the amount of livestock on hand is 
more than 200 thousand head, and average milk production of one lactation pe-
riod is 6000 kg for milking cows [1]. 

The population parameter estimation of quantitative character was indis-
pensible for animal quantitative genetics and breeding. It is necessary that ge-
netic parameter was estimated for the important economic trait in dairy cattle, 
and it has great significance for drawing up breeding scheme, implementing ef-
ficient breeding programs, predicting selection effect and explaining genetic 
mechanism in large-scale dairy farm [2]. On the one hand, the researcher can 
apply phenotypic value to deduce and estimate breeding value. On the other 
hand, they would establish selection index and estimate genetic progress in ani-
mal breeding plan [3]. There was much room for improvement in methodology 
applied for genetic evaluations [4]. For instance, accurate heritability and genetic 
correlation estimates are required to predict expected selection response and to 
obtain predicted breeding values using animal mixed model and best linear un-
biased prediction (BLUP) programs [2]. Traits related to milk production, fertil-
ity and health are included in breeding programs of dairy cattle in many coun-
tries, in order to maximize improvement of a breeding goal involving traits re-
lated to income and costs [2] [4] [5]. Therefore, it is beneficial to improve popu-
lation genetic progress and breeding effect when genetic parameter was accu-
rately estimated [2] [4] [5] [6] [7]. A measure of lactation yield is information 
needed for management and genetic evaluation in dairy cattle; hence monthly 
test day yields are used as basis for calculating whole lactation yields [8]. Lacta-
tion totals and lactation to-date totals must be calculated using an ICAR ap-
proves method. The test interval method (TIM) has become a standard method 
for this purpose; it is currently used to calculate dairy herd improvement (DHI) 
lactation and lactation-to-date totals [9]. The test interval (number of days from 
the previous test day through the current test day) is divided into two equal por-
tions. Production credits for the first half of the test interval are calculated from 
the current test day information. The totals for the two portion of the test inter-
val are added to obtain the interval totals. 
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Due to the fact that the milk production was important economic traits for 
dairy cattle, the estimates of genetic parameters are significant in the actual 
production. Recently, no published report was found on estimates of genetic pa-
rameters for milk production and fertility traits in Xinjiang Brown cattle. 
Therefore, the objective of this study was to estimate genetic parameters of 305 
days mature equivalent milk yields and calving interval for Xinjiang Brown cat-
tle in China, it will provide a theoretical basis for drawing up and optimizing 
breeding plan, improving genetic constitution and developing new varieties of 
high quality, high yield and meeting the social needs in future. 

2. Materials and Methods 
2.1. Data and Edits 

Data on 3940 records of Xinjiang Brown cattle between 1990 and 2008 were col-
lected from the Xinjiang Urumqi Cattle Breeding farm in China. The records 
were excluded that days in milk is greater than 305 days or less than 10 days, 
lactation yields less than 0.5 kg, TIM greater than 60 days, less than 5 times in 
lactation totals, suffering cow in lactation, respectively. Analytical traits are 305 
days mature equivalent milk yields and subsequent calving interval. Almost all 
lactations were milked in either 2 or 3 times/d during the whole 305 days period. 

Records for 305 days complete lactations were projected by TIM. Incomplete 
lactations for 100 to 304 days in milk (DIM) were adjusted to 305 days using 
methods according to functions of the last sample productions [10]. Paired 
comparison coefficients were utilized to calculate mature age milk yields, and 
mature equivalent 305-day milk production values were used for variance analy-
sis and genetic parameter estimation. Records of nonregistered animals and 
those with unknown sires or dams were excluded from the analysis. Permissible 
values in the recording system were less than 9867 kg for 305 days MEM, and 
ranged from 237 to 706 days records for CAI. To exclude possibly erroneous 
records, lactation records less than or greater than 3 SD from the mean for MEM 
and was not used. 

The final data base included valid records 3940 and animals with valid records 
2579 for 305 days MEM and 1970 for CAI. Animals in the pedigree file were 
born between 1990 and 2008. Characteristics of the data set were given in Table 
1. 

2.2. Model and Analysis 

Four fixed effects of year, season, parity and calving interval for 305 days MEM 
 
Table 1. Descriptive statistics of data. 

Trait N Mean SD CV (%) Min Max 

MEM (Kg) 2579 4994.55 1018.59 20.39 2242.8 9867.3 

CAI (day) 420.994 392.792 83.1045 19.74 237.00 706.00 
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were included in the model. In accordance with the calendar year, the year effect 
was taken into account model. Calving months were divided into four groups by 
spring (March to May), summer (June to August), autumn (September to No-
vember) and winter (December to February) on the basis of climate characteris-
tics of Xinjiang in China, respectively. Parity factors were occurred at 6 level 
groups by 1st parity, 2nd parity, 3rd parity, 4th parity, 5th parity, 6th parity and 
above, respectively. The calving intervals were considered at 6 level groups by 
330 d and under, 331 d - 359 d, 360 d - 389 d, 390 d - 419 d, 420 d - 500 d, and 
more than 500d, respectively. However, the effects of year, season and parity of 
birth were statistically evaluated for CAI using the model adopted under inves-
tigation (Table 2). 

Genetic parameters and variance components for investigated traits were es-
timated by Multiple Trait Derivative-Free Restricted Maximum Likelihood 
(MTDFREML) using animal model with the help of a manual for use of 
MTDFREML [11]. The model included random animal genetic effects and ma-
ternal effect. The mixed model matrix form: 

y Xb Zu e= + +                            (1) 

where y is the vector of records for MEM and CAI; b is the vector of fixed effects 
containing the effects of year, season, parity and calving interval of calving for 
305 days MEM, and year, season and parity of birth for CAI; u is the vector of 
random animal effects, including animals without records; e is the vector of 
random residual effects; X and Z are incidence matrices assigning observations 
to fixed and random animal effects, respectively. Starting values for elements of 
variance genetic and environmental matrices were estimates obtained from pre-
liminary single trait model analyses and from assumed correlations. 

3. Results and Discussion 

Descriptive statistics for the variables studied are shown in Table 1. The esti-
mates of additive genetic and phenotypic variances as well as the heritability of 
the traits evaluated for breeding purpose were given in Table 3. From Table 4, 
different additive genetic variation was observed for analyzing traits records, the 
heritability of 305 days MEM and CAI were 0.39 and 0.02, and genetic and en-
vironmental correlations were 0.47 and 0.37, respectively. 

3.1. Heritability Estimates 

Heritability of 305 days MEM was estimated by 0.39 for Xinjiang Brown cattle 
 
Table 2. Level grouping of fixed effects. 

Fixed Effect Level 

Season 4 (Spring, Summer, Autumn, Winter) 

Parity 6 (1, 2, 3, 4, 5, ≥6) 

Calving interval 6 (≤330, 331 - 359, 360 - 389, 390 - 419, 420 - 500, ≥501) 



X. F. Fu et al. 
 

50 

Table 3. Estimates of variance components for the evaluated traits. 

Traits Genetic Variances Environmental Variances Phenotypic Variances 

MEM 306971.073 470598.729 4088.325 

CAI 67.067 777569.802 4155.391 

 
Table 4. Heritabilities (on diagonal), genetic (above) and environmental correlations 
(below) for MEM and CAI in Xinjiang Brown cattle. 

Traits MEM CAI 

MEM 0.39 0.47 

CAI 0.37 0.02 

 
under the investigation. The presentation estimate was found similar to the pre-
viously reported results of heritability from 0.35 to 0.37 for Brown Swiss [12] 
[13] [14] [15]. This estimate was higher than the earlier estimates of 0.25 to 0.28 
reported by most authors by REML method in Brown Swiss cattle [16] [17] [18] 
[19], and the other workers of 0.27 to 0.36 by REML method in Holstein Friesian 
cattle [20] [21] [22]. However, it was still higher than the heritability of 305 days 
milk yield (0.02) and test day milk yields (0.10) for Brown Swiss cows reared at 
Ulaş State farm [23], and the heritability of milk yield for first lactation (0.23) 
and all lactations (0.19) for Brown Swiss Reared in the Bahri Dağdaş interna-
tional agricultural research institute in Turkey [24]. The present result was 
slightly lower than previously reported results for 305 days MEM and milk in the 
first 3 lactations (0.51, 0.49 and 0.47) using the random regression model for 
large Holstein populations in the Netherlands [25], and the direct heritability of 
305 days milk yield before three lactation period were obtained as 0.45, 0.42 and 
0.40 using test-day records for Canadian Holsteins [26]. However, the recently 
reports have shown that the heritability of 305 days mature equivalent milk 
production was between 0.12 ± 0.03 and 0.19 ± 0.02 for first and third parity in 
Mexican Holstein cows [2]. Similarly, heritability of milk yield for all lactations 
as 0.24 ± 0.08 and heritability for first lactation as 0.30 ± 0.154 was estimated by 
many workers for Simmental Cattle in Turkey [27]. Our results are, therefore, in 
line with expectations according to these studies. 

Heritability estimates for CAI was 0.02 for Xinjiang Brown cattle. A large 
number of literature shows that the relatively small estimates (i.e. <0.10) are 
common for many fertility traits in dairy cows. For example, in a review of esti-
mates used for genetic evaluations of fertility traits worldwide, concluded that 
fertility traits in dairy cattle populations have heritability of 0.04 or less. They 
reported the heritability of 0.04 for days open in the US Holstein population 
[28]. Another review article also shown that the values of the genetic parameters 
used in several countries for genetic evaluations and the heritability for fertility 
traits ranged from 0.01 to 0.07 [3]. Present estimates from the current study are 
similar to previously reported results of heritability from 0.02 to 0.04 in Austral-
ia [29], and it is slightly less than estimates from 0.03 to 0.04 by the others work-
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ers in the Netherlands (0.04) [30], United Kingdom (0.03 ± 0.01) [31], Australi-
an Holstein-Friesian cattle (0.04 - 0.03) [32] and Spain (0.04) [33]. However, it is 
consistent with the recent research results of heritability estimates for calving 
interval from 0.01 to 0.02 in Mexican Holstein cows [2]. 

Differences between the estimates of heritability obtained in this study and es-
timates from other researchers are most likely caused by research objects, man-
agement, climate and different model affecting genetic and environmental va-
riances. Emphasis given to traits in the breeding programs will be dictated by 
economic and social considerations. The inclusion of traits with small estimates 
of heritability in progeny testing programs of sires such as calving interval is 
possible, more daughter records would be necessary for the evaluation of a sire 
for an index involving production traits. 

3.2. Genetic and Environmental Correlations 

The positive estimates of genetic correlations between 305 days MEM and CAI 
was observed for this study (0.47). Most other studies have stated the estimates 
of the genetic correlation between CAI (or days open) and milk yield ranging 
from 0.10 to 0.67 [28] [32] [34] [35]. This estimate was different to those review 
showed that the genetic correlation between calving interval and milk yield was 
−0.2 [36], increased from −0.43 in the first to −0.58 in the second parity [32], 
and ranging from −0.011 to −0.449 [1], respectively. 

In the study, moderate positive estimates of environmental correlations be-
tween 305 days MEM and CAI were observed for Xinjiang Brown cattle by this 
study (0.37) [2]. The related reports shown that estimates of environmental cor-
relation of MEM with CAI were positive ranged from 0.089 to 0.173 in Mexican 
Holstein cows. Therefore, estimates of the environmental correlations were 
slightly favorable for Xinjiang Brown cattle. 

In general, differences between the results of the present study and those re-
porting unfavorable genetic relationships for milk yield and fertility traits may 
be a result of peculiarities of the recorded in Xinjiang Brown cattle, with high 
environmental factors influencing for milk production [37]. 

4. Conclusions 

Estimates of heritability and genetic variation for 305 days MEM in this study 
were moderate compared with major reports on Brown Swiss, Holstein popula-
tions and Simmental cattle. The results indicate that response to selection would 
be expected in Xinjiang Brown cattle. Estimates of heritability and genetic varia-
tion for CAI were smaller so that response to selection would be more difficult 
to obtain than for 305 days MEM trait. However, parameter estimates were in 
the same range of previous results obtained in other studies of data from man-
agement systems belonging to medium production levels. Low heritability esti-
mates are caused by reduced additive genetic and increased permanent envi-
ronmental and residual variances. 

Estimate of genetic correlation between 305 days MEM and CAI within all 
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lactations was 0.47, high and favorable in general. Estimate of environmental 
correlation was 0.37, large and favorable between 305 days MEM and CAI. Esti-
mates of variance components found in this study may be used for the imple-
mentation of a BLUP evaluation for Xinjiang Brown cattle. Although, the dif-
ferences in the results for calving interval relative to 305 days mature equivalent 
milk yield should be further investigated, data quality management might be still 
an important issue for this trait. These parameter estimates can be used to design 
better breeding programs for Xinjiang Brown cattle population involving an 
economic index of production traits and fertility traits for ranking of sires. In 
addition, relative economic values of each trait for local markets are needed for 
simultaneous selection of these traits and others of economic importance. 
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