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Abstract: Data from 232 Simmental cows calved between 1990 to 2000 obtained from Kazova state farm
were used to estimate phenotypic and genetic parameters for milk (305-day milk yield, lactation length, dry
period) and reproduction traits (service period and calving interval). Estimates of variance components and
parameters of milk and reproduction traits were obtained by restricted maximum likelihood analyses fitting
an animal model. Heritability estimates were 0.15, 0.04, 0.04, 0.07 and 0.02 for 305-day milk yield, LL, DP,
SP and CI, respectively. Genetic correlations between 305-day MY and each of SP and DP were negative,
whereas the correlation between 305-day MY and each of LL and CI are positive. Phenotypic correlation
between 305-day MY and each of LL, SP and CI were positive except DP. Results indicate that the
heritability of fertility traits in dairy cattle is lower than the other economically important milk traits. The low
heritability of fertility traits indicates that the influence of herd management and other environmental effects
are greater than the genetic background. The heritabilities and genetic correlations estimated in this study
also indicate that selection to improve some of the traits will be possible, but response to selection will be
slow.
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Yerli Simmental Sığırlarının Süt ve Döl Verim Özelliklerine ait Genetik
Çalışmalar
Özet: Bu çalışma Kazova Devlet Üretme Çiftliğinde yetiştiriciliği yapılan 232 Simmental ineğinin süt (305gün süt verimi, laktasyon uzunluğu, kuruda kalma süresi) ve döl (servis periyodu ve buzağılama aralığı)
verim özelliklerine ait fenotipik ve genetik parametreleri hesaplamak için yapılmıştır. Süt ve döl verim
özelliklerine ait varyans bileşenleri ve parametreler bireysel hayvan modeli esas alınarak REML yöntemiyle
tahminlenmiştir. 305-gün süt verimi, laktasyon uzunluğu, kuruda kalma süresi, servis periyodu ve
buzağılama aralığına ait kalıtım derecesi sırası ile 0.15, 0.04, 0.04, 0.07 ve 0.02 hesaplanmıştır. 305-gün süt
veriminin servis periyodu ve kuruda kalma süresi arasındaki genetik korelasyon negatif, laktasyon uzunluğu
ve buzağılama aralığı ile pozitif olarak bulunmuştur. 305-gün süt veriminin laktasyon uzunluğu, servis
periyodu ve buzağılama aralığı arasındaki fenotipik korelasyon pozitif kuruda kalma süresi ile negatif
bulunmuştur. Sonuçlardan döl verim özelliklerine ait kalıtım derecesinin ekonomik olarak önemli süt verim
özelliklerinden düşük olduğu görülmektedir. Döl verim özelliklerine ait kalıtım derecesinin düşük olması
sürü idaresi ve diğer çevresel faktörlerin etkisinin genetik faktörlerden daha fazla olduğunu göstermektedir.
Bu çalışmada elde edilen kalıtım derecesi ve genetik korelasyonların bazı karakterlerin geliştirilebileceğine
ancak genetik ilerlemenin yavaş olacağına işaret etmektedir.
Anahtar kelimeler: Süt sığırı, süt verimi, döl verim karakterleri, genetik parametreler

1. Introduction
Cattle husbandry is one of the main area of
the animal breeding due to having great
marketing impact on breeding stock with
exporting sperm, embryos or alive. Although,
the relative importance of the characters in
cattle breeding programmes may change from
country to country according to farmer and
consumer requirements, milk yield traditionally
has been the most important trait of dairy cattle
selection programs in every country.
Additionally, many secondary traits such as
reproduction traits (Haile-Mariam et al. 2003)
and health (Pryce, 1997) are also economically
important for dairy enterprise.

Many studies have shown that relationship
between milk yield and fertility traits are
antagonistic (Damatawewa and Berger, 1998;
Bagnato and Oltenacu, 1993; Pryce et al., 1997;
Haile-Mariam et al., 2003). This antagonistic
relationship between milk production and
reproduction is becoming more important for
dairy breeders, because the maximum level of
milk production is nearly achieved. Generally,
selection for increased milk yield reduces
reproductive performance and this could affect
culling rates and reduce the genetic gain from
primary traits (Grosshans et al., 1997;
Damatawewa and Berger, 1988, Pryce, 1997;
Haile-Mariam et al., 2003). Many authors have

stated that the main reason for this antagonistic
relationship is assumed to be influenced by the
level of production and management systems
(Nebel and McGillard, 1993, Grosshans et al.,
1997; Damatawewa and Berger, 1988, Pryce,
1997). On the other hand, relationships between
milk yield and fertility traits and health were
assumed to be that cows produce milk at a
maximum level when they are expected to show
oestrous and conceive (Haile-Mariam et al.
2003).
Consequently, fertility traits should be
included in breeding programmes besides
production traits. Lately, in Scandinavia some
health and fertility traits were already included
in breeding programmes to counter the
deterioration in health and fertility due to
selection for increased milk yields (Ericson and
Wretler, 1990). In the UK, several dairy
recording services now offer comprehensive
recording of health, fertility and culling
information (Pryce, 1997).
The main objectives of this study are to
estimate variance components, genetic and
phenotypic parameters for 305 day milk yield,
dry period, lactation length, service period and
calving interval for Simmental cattle reared in
Kazova state farm.

232 cows which are daughters of 67 sires. Milk
records were pre-adjusted for 305-day lactation
length. Characteristics of the data set are given
in Table 1.

2. Material and Methods
2.1. Data
Data consisted of lactation records of 232
cows born from 1987 and onwards and
recorded between 1990 to 2000. Pedigree
information and the data used in this study were
obtained from the Kazova state farm. Prior to
analyses, abnormal records affected by diseases
or abortion and animals having calving interval
less than 310 and greater then 650 days, and
lactation length less then 220 and greater then
550 days were excluded from the data set.
Additionally, parities more than 5 were also
removed form the data set due to less number of
observations. Productive traits studied were 305
day milk yield (305-day MY), lactation length
(LL), dry period. Reproductive traits were
service period (SP) and calving interval (CI).
The calving months were grouped into four
seasons: December to February (winter), March
to May (spring), June to August (summer), and
September to November (autumn).
After editing, the data set consisted of 691
multiple lactation records (up to parity 5) on

Where, Yijklm is the observation of cow
milk yield; al is the random direct additive
genetic effect of lth animal; pl is the random
permanent environmental effect lth animal; cmi
is the effects of calving season (1,..,4); cyJ is the
effects of calving year (1990,..,2000); lk is the
effects of lactation (1,..,5); βj is the regression
coefficient for age at calving (Age) nested
within lactation k (lk); and eijklm the random
residual term. Genetic and phenotypic
correlations were estimated using bivariate
animal model. (Co) variance components and
genetic parameters and correlations were
estimated using the statistical software package,
ASREML (Gilmour et al., 1998).

Table 1. Characteristics of the Data Set Used
for Genetic Parameter Estimates.
Description
Total
Records in data
691
Cows in data
232
Sires in data
67
Dams in data
163
Animals in pedigree
407
Years (1990-2000)
11
Seasons
4
Lactation classes
5
2.1. Statistical analyses
Preliminary analyses were conducted for
the traits to identify the significant fixed effects,
eliminating non-significant terms by backwards
elimination until all factors were significant
(P<0.05) using a General Linear Model
(Minitab, 1998). The univariate animal model
used to estimate for heritabilities, permanent
environmental effects described below was
fitted to each trait:
Yijklm = μ+ cmi + cyj+ lk+βjAge(lk)+al+pl+eijklm

3. Results and Discussion
3.1. Descriptive Statistics
Lactation-wise and overall phenotypic
means of fertility traits and production traits
were presented in Table 2.

Table 2. Lactation-wise and Overall Phenotypic Mean (Standard Deviations) of Fertility and Production Traits

Parity
0-1
1-2
2-3
3-4
4-5
Overall

N
232
191
159
66
42

305-Day MY
3773(894)
4104(915)
4425(954)
4599(930)
4699(1046)
4150(978)

LL
300(37)
298(33)
298(30)
301(31)
296(26)
299(33)

Mean (±standard deviations) for age at
calving were 29.4 ± 3.42, 41.9±3.90, 54.7±4.25,
66.0±4.91 and 79.4±5.75 months, for lactations
1 to 5 respectively. First calving age were
reported as 30-36 months and 27-30 months for
Simmentals originated from Switzerland and
Germany respectively (French et al., 1966).
More recent studies indicate that first calving
age for Switzerland originated Simmentals were
30-30.5 months (Kunzi et al., 1996; Schmitz,
1998).
Means of calving interval and dry period
were estimated to be as 371±41 and 71±34 days
respectively. Calving intervals were reported as
374-382 and 391-398 days in the studies carried
out in Switzerland (Schmitz, 1998) and Poland
(Polanski et al. 1995), respectively. Studies in
Turkey indicate that there is a regular decrease
in calving intervals
for
Simmentals.
Chronologically, 439.2, 408.4 and 394.6 days
were reported for calving intervals of
Simmentals by Ilaslan et al. (1978), Tumer et
al. (1985) and Deliomeroglu et al. (1996). Dry
period should be between 45 and 60 days to be
ready for the next lactation period and to
provide the increased needs of calf during the
last months of the pregnancy. Dry period mean
was estimated as 71±34 days indicating that the
scheme for a calf per year and optimum
lactation length (305 days) were achieved.
305-day MY (4150 kg) obtained in this
study were higher than that estimated for
Simmentals raised in Turkey (Alpan et al.,

GL
284(10)
285( 8)
283( 9)
284(14)
284(15)
284(10)

CI
373(41)
367(36)
368(45)
381(46)
371(41)

DP
72(32)
70(33)
71(37)
73(42)
71(34)

SP
88(41)
84(36)
84(48)
97(48)
87(41)

1976; Tümer et al., 1985 and Deliömeroğlu et
al., 1996) which ranged from 2350 to 3559 kg.
This could be as a result of improvement of
management system and/or adaptation to the
environment.
Mean lactation lengths were estimated as
299±33, near to standard 305 days, the
difference could arise from the 3-4 days longer
gestation length of Simmentals than the other
comparable well known breeds. On the other
hand, lactation length reported here was longer
than that in some other studies (Ivanov 1978a,
1978b, Rycken 1997) and shorter than the
others (Brinzej ve Rostija 1976, Panic et al.,
1985). Generally, differences between studies
in terms of characters examined here could
arise from differences in climatic and
management conditions and genetic potential of
the herds.
3.2. Genetic Parameters
The heritability (h2) and the ratio of the
permanent environmental variance (c2) due to
animal and (co) variance components for milk
yield and reproduction traits from single trait
analysis are given in Table 3. Estimates of
heritability for SP and CI were lower than 305day MY, while they were similar to the other
milk production traits LL and DP (Table 4).
Estimates of c2 were within the range of
0.0000012 (for CI) to 0.002 (for LL) and much
lower than 305-day milk yield.

Table 3. Estimates of (Co) Variance Components and Genetic Parameters (Standard Errors) for Milk Yield
and Reproduction Traits
Traits
h2
c2
σ2 A
σ2PEA
σ2 E
σ2 P
305-day MY
0.15 (<0.001)
0.19 (<0.001)
85513
103658
370135.0
559306
LL
0.04 (0.056)
0.002 (0.064)
44.6
2.07
1002.0
1048.67
DP
0.04 (0.070)
0.15e-05 (0.079)
44.90
0.0019
1219.7
1264.60
SP
0.07 (0.068)
0.64e-05 (0.080)
73.25
0.00683
997.0
1070.26
CI
0.02 (0.065)
0.12e-05 (0.079)
23.62
0.00149
1228.0
1251.62

Heritability estimate for 305-day MY was
0.15. Lower estimates of h2 for milk yield were
also reported by many authors, that ranged from
0.07 to 0.17 (Hansen et al., 1983; Sallam et al.,
1990; Dahlin, et al., 1998; Saatci et al., 2000;
Ertugrul et al., 2002 and Ulutas et al., 2004).
However, Visscher and Thompson (1992),
Pryce (1997), Gomez and Tewolde (1999)
Kadermideen, et al. (2003), Kaya et al. (2003)
and Akman and Kumlu (2004) reported high h2
for 305-day milk yield ranged from 0.22 to
0.49.
The h2 estimate of LL was 0.04± 0.056.
The present estimate is similar to the values of
0.01, 0.09, 0.10 and 0.13 reported by Ertugrul
et al. (2002), Tuzemen et al. (1999), Khattab
and Atil (1999) and Atil et al. (2001)
respectively. On the other hand, higher h2
estimates for LL were also reported by Murdia
and Tripatti (1991), Atay et al. (1995) and
Kaygisiz and Vanli (1997) using different
breed’s data sets and ranged from 0.17 to 0.48.
The h2 estimate for DP was 0.04 ± 0.070.
This result was in agreement with the findings
of Katoch et al. (1991), who found that
heritability for DP were between 0.05 and 0.06.
The major part of the variation in lactation
length and dry period is due to non-genetic
factors and rapid response could be expected by
improving environmental conditions such as
feeding regime and management system.

The heritability estimate for SP was 0.07
(Table 4). Berger et al. (1981), Hansen et al.
(1983), Faust et al. (1989), Hayes et al. (1992)
Marti and Funk, (1994), and Atil et al. (2001)
reported similar h2 estimates for SP (between
0.00 and 0.09) although there were marked
differences in data sets, breed types, estimation
models and procedures among researches.
The heritability of calving interval reported
here was close to 0.022 reported by
Kadarmideen et al. (2003), but slightly lower
than 0.032 reported by Pryce et al. (1997).
However, Dong and Van Vleck (1988),
Campos et al. (1994), Ertugrul et al. (2002) and
Ulutaş et al. (2004) reported higher heritability
estimates for CI than this study, ranged 0.07 to
0.16.
The heritabilities of fertility traits in dairy
cattle are lower than many other economically
important traits. The low heritability of fertility
traits indicate that the influence of herd,
management and other environmental effects
greater than the genetic background. This was
also reported by Schaffer and Henderson (1972)
and Kadarmideen et al. (2003).
3.3. Genetic and Phenotypic Correlations
Estimates of genetic and phenotypic
correlations (r g and rp, respectively) among the
six traits studied are presented in Table 4.

Table 4. Genetic Correlations (below diagonal) and Phenotypic Correlations (above diagonal) with Standard
Errors Between Fertility and Production Traits
Traits
305-day MY
LL
DP
SP
CI
305-day MY
0,65±0.081
-0.07±0.065
0.13±0.143
0.41±0.094
LL
0.49±0.061
-0.05±0.112
-0.04±0.105
0.78±0.084
DP
-0.47±0.234
-0.17±0.293
0.10±0.078
0.09±0.102
SP
-0.60±0.272
-0.32±0.195
0.51±0.243
0.70±0.005
CI
0.35±0.072
0.89±0.076
-0.1±0.017
0.37±0.037
-

Phenotypic correlation between 305-day
MY and each of LL, SP and CI were positive
except DP. This indicates that the average 305day MY will increase with the increase of SP,
LL and CI. Negative rp between 305-day MY
and DP indicate that cows with shorter DP will
produce more milk. Estimates of rp obtained in
this study for the same traits are also followed
similar direction in some of the studies (Khattab
and Atil, 1999: Kadarmideen et al; 2003).

Genetic correlations between 305-day MY
and each of SP and DP were negative, whereas
the correlation between 305-day MY and each
of LL and CI are positive. Negative r g between
305-day MY and each of SP and DP indicates
that selection for these traits will also increase
milk yield. The rp between 305-day MY and LL
ranged from 0.6 to 0.9 (see for a review
Syrstad, 1993).
Observed antagonistic r g between 305-day
MY and CI (0.35) was higher than that reported

for dairy cattle in New Zealand (0.19)
(Groshans et al., 1997) and lower than that
reported for Australian Holstein-Friesian (0.48)
(Haile-Mariam et al., 2003) and for Turkish
Holstein-Friesian (0.69) (Ulutas et al., 2004). A
recent review showed that the r g between CI
and MY was in the range of 0.22 to 0.59 (Pryce
and Veerkamp, 2001).
Genetic correlation between SP and each
of CI and DP were positive and being 0.37 and
0.51, respectively. Basu and Gahi (1980)
reported that DP was positively correlated with
CI and SP. Khattab and Atil (1999),
Kadarmideen et al. (2003) have also reported
positive and high genetic correlation between
SP and CI, being 0.44 and 0.97 respectively.
The estimates of r g suggested that selection for
reduced SP would result in reduced CI
(Kadearmideen et al, 2003; Khattab and Atil,
1999). Genetic and phenotypic correlation
between LL and CI were positive and very
high, whereas the correlation between LL with
DP and SP negative (Table 5). Present results
were in agreement with Khattab and Atil (1999)
who were also reported high rg between LL and
CI and low negative r g between LL with DP but
low positive rp between LL and SP. High
positive rp between 305-day MY and LL

indicate that MY can be used for evaluating the
milk producing ability of cows (Khattab and
Atil, 1999).
Finally, estimates of heritability, genetic and
phenotypic correlations were in agreement with
the most of the earlier reports. Selection for
short dry period, service period and calving
interval will lead to increase in milk production.
Low h2 estimates of fertility traits also indicate
that a major part of variation in these characters
was environmental and selection would
contribute little improvement for reproductive
traits. On the other hand, high h2 estimated for
305-day MY indicated that it could be
improved through selection. The heritabilities
and genetic correlations estimated in this study
also indicate that selection to improve some of
the traits will be possible, but response to
selection will be slow.
The estimates were obtained from a
relatively small data set, and analysis should be
evaluated with care. Therefore, a similar study
with a larger data may bring more reliable
results. In any case applying these kind of
analyses, together with milk and reproduction
traits, in country-wide rage helps to bring the
livestock industry to a defined level in order the
compare with other countries outputs.
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