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Abstract: The present investigation was undertaken to study certain factors affecting production efficiency, milk production and
reproduction and to estimate the repeatabilities and phenotypic correlations of these traits in Holsteins maintained at different farms
in western Anatolia over 3 years (1990 - 1993). The data consisted of 506 first and 232 second lactations of  525 cows. Three
production efficiency traits (milk yield per day of lactation length (MYPDLL), milk yield per day of calving interval (MYPDCI) and milk
yield per day of age at second calving (MYPDASC)), one production trait (lactation yield (LY)), and one reproduction trait (calving
interval (CI))  were studied. The means of MYPDLL, MYPDCI, MYPDASC, LY and CI were 19.04 kg, 15.44 kg, 4.91 kg, 6404.77
kg, and 418.86 days, respectively. 

The analyses of variance indicated that the effects of the region-year factor were significant (P < 0.05) for all traits, whereas none
of the traits was influenced by the parity order. The calving months were significant (P < 0.05) for  MYPDASC, LY and CI. Least-
squares means illustrated that these traits were lower for summer calvers. Age also had an important effect (P < 0.05) on MYPDLL,
MYPDCI and LY. The positive phenotypic correlation (0.55) between milk yield and calving interval suggested that the higher yielding
cows had longer calving intervals. Fertility was also severely depressed when the lactation yield  was  higher than 7000 kg. The
repeatabilities for MYPDLL (0.51), MYPDCI (0.41) and LY (0.43) were high, and low for calving interval (0.10).
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Bat› Anadolu Holfltaynlar›n›n Üreme ve Üretim Etkinli¤i Özelliklerine Baz› Faktörlerin Etkisi,
Bu Özellikler Aras› Fenotipik ‹liflkiler ve Tekrarlama Dereceleri

Özet: Bu araflt›rma baz› faktörlerin Holfltaynlarda baz› üretim rand›man› göstergeleri, süt üretimi ve üremeye etkilerini ortaya
koymak ve bu özellikler aras›ndaki fenetopik korelasyonlar› ve tekrarlama derecelerini tahmin etmek amac›yla yap›lm›flt›r. Araflt›rma
materyalini TÜRK-ANAF‹ süt s›¤›rc›l›¤›n› gelifltirme projesi kapsam›nda Bat› Anadolu’da  yetifltirilen 525 ine¤in 1990 -  1993 y›llar›
aras›nda  tutulmufl 506 birinci ve 232 ikinci laktasyon kayd› oluflturmufltur. Üç üretim rand›man› (laktasyon süresinde günlük süt
verimi (LSGSV), buza¤›lama aral›¤›nda günlük süt verimi (BAGSV), ikinci buza¤›lama yafl›nda günlük süt verimi (‹BYGSV)), bir üretim
özelli¤i (laktasyon verimi (LV) ve bir üreme özelli¤i (buza¤›lama aral›¤› (BA) incelenmifltir. LSGSV, BAGSV, ‹BYGSV, LV ve BA için
ortalama de¤erler s›ras›yla 19,04 kg, 15,44 kg, 4,91 kg, 6404,77 kg ve 418,86 gün bulunmufltur. 

Varyans analizleri, bölge – y›l faktörünün tüm özellikleri önemli derecede (P < 0,05) etkiledi¤ini, buna karfl›l›k laktasyon s›ras›n›n
hiçbir özellik üzerinde önemli etkiye sahip olmad›¤›n› göstermifltir. Buza¤›lama ay› ise sadece ‹BYGSV, LV ve BA özelliklerini önemli
(P < 0,05) düzeyde etkilemifltir. En küçük kareler ortalamalar› bu özelliklerde en düflük de¤erlerin yaz aylar›nda buza¤›layanlarda
oldu¤unu göstermifltir. Yafl faktörünün de LSGSV, BAGSV ve LV özellikleri üzerinde etkisi önemli (P < 0,05) bulunmufltur.

Süt verimi ve buza¤›lama aral›¤› aras›ndaki fenotipik korelasyon (0,55) yüksek verimli ineklerin daha uzun bir buza¤›lama aral›¤›na
sahip oldu¤unu göstermifltir. Ayr›ca süt verimi 7000 kg düzeyini aflt›ktan sonra döl veriminin bask›lanmaya bafllad›¤› belirlenmifltir.
Tekrarlama derecelerinin LSGSV (0,51), BAGSV (0,41) ve LV (0,43) için yüksek BA (0,10) için ise düflük oldu¤u saptanm›flt›r.

Anahtar Sözcükler: Süt üretimi, üretim rand›man›, üreme, fenotipik korelasyon, tekrarlama derecesi, Holfltayn
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Introduction

The reproductive activity of cows in dairy operations
is an important factor in milk production. The more
frequently a dairy cow calves the greater is the amount of
milk produced in her lifetime (1). The calving interval
should not be longer than 1 year for obtaining lower
costs, profitability and optimum viability of the dairy
enterprise (2,3).

In the past, dairy animals have been mainly selected
on the basis of their milk yield without giving
consideration to other traits. The real merit of dairy
animals, however, depends on many traits that need to be
considered simultaneously for performance evaluation.
Reproductive traits such as age at first calving and calving
interval should be taken into consideration in a selection
program (4). In several studies some antagonistic genetic
and phenotypic correlations between reproductive
performance and lactation yield were reported (5-8). To
obtain a simultaneous improvement in productive and
reproductive traits by overcoming this antagonism, it will
be useful to use a practical measure that combines these
traits and shows the overall efficiency of a cow. Milk yield
per day of calving interval and milk yield per day of age
at second calving may be thought of as combinations of
production and reproduction. Moreover, the productive
and reproductive traits of dairy animals are also affected
by various environmental factors like farm operation,
age, parity and season (2,4,9-26). 

The objective of this investigation was to determine
the effects of some environmental factors on production
efficiency, milk production and reproduction, and to
estimate the repeatabilities and phenotypic correlations of
these traits in Holstein cows kept in western Anatolia,
Turkey.

Materials and Methods

The data for the present study were collected from
506 first and 232 second lactation records of 525
Holstein cows calving in the Balıkesir, Çanakkale, Aydın,
Denizli, ‹zmir, Manisa, Mu¤la, Uflak, Burdur and Isparta
provinces of the Marmara, Agean and Mediterranean
regions of western Anatolia as part of the TURK-ANAFI
dairy cattle improvement project from 1990 to 1993.
Only the records including lacatation lengths longer
than150 days and calving intervals between 300 and 700
days were included.

In the study, 3 production efficiency traits (milk yield
per day of lactation length, milk yield per day of calving
interval, and milk yield per day of age at second calving),
1 production trait (lactation yield), and 1 reproduction
trait (calving interval) were considered. The lactation
yields were divided by lactation lengths (days) and calving
intervals (days) to get milk yield per day of lactation
length (MYPDLL) and milk yield per day of calving interval
(MYPDCI), respectively. Similarly, milk yield per day of
age at second calving (MYPDASC) was worked out by
dividing the first lactation milk yield by age at first calving
(days) plus first calving interval.

The effects of region-year (herds were grouped
according to breeding regions and years because of small
herd size), calving month (1-12), parity order (1-2) and
age at calving were determined by the method of least
squares (27).

The model:

yijkl = µ + RYi+ CMj+ POk + b (AGE) + eijkl

where 

yijkl: the lth observation in the kth parity, jth calving
month and ith region-year.

µ: the overall mean;

RY: the effect of ith region-year group (i: 1,......,12);

CM: the effect of jth calving month ( j: 1,......,12);

PO: the effect of kth parity order ( k  1, 2 );

b (AGE): The partial regression of yijkl on age at
calving;

eijkl: random error component assumed to be normally
distrubuted with mean zero and variance σ2.

The analyses for MYPDASC were carried out after
excluding the parity order and regression of age in the
model. The data were corrected for the significant (P <
0.05) effects. The influence of lactation milk yield on the
production efficiency and calving interval was revealed
using 6 milk production categories (< 4000 kg, ≥ 4000
- < 5000 kg, ≥ 5000 - < 6000 kg, ≥ 6000 - < 7000 kg,
≥ 7000 - < 8000 kg and ≥ 8000 kg) and one-way
ANOVA. Regression coefficients of production efficiency
and calving interval on lactation yield, Pearson correlation
coefficients among the traits and repeatabilities were also
calculated. The repeatabilites were estimated from the
variance components using intraclass correlation and
repeated records of the same animal (28-31).
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Results 

Mean squares from the analyses of variance are
presented in Table 1. Region-year had significant (P <
0.05) effects on all traits. The effects of calving month on
MYPDASC, lactation yield and calving interval were
significant (P < 0.05). Linear regressions on age were
also significant (P < 0.01, P < 0.05) for MYPDLL,

MYPDCI and lactation yield. In addition, the least-squares
means for the group effects of calving month and parity
as well as linear regressions on age for milk production
categories, regression coefficients on milk production for
production efficiency and reproduction, phenotypic
correlations among different traits and repeatabilities are
shown in Tables (2-6). 
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Table 1. Analysis of variances for different traits.

M E A N   S Q U A R E S
Factors D.F.

MYPDLL MYPDCI MYPDASC LY CI

Region-Year 11† 11‡ 117.74** 65.71** 8.78** 13,345,875.73** 20,595.72**

Month 11 11 16.28 11.25 4.25** 7,335,481.74** 22,173.62**

Parity order - 1 53..55 18.63 - 27,382.91 11,324.41

Regression on age 1 108.34** 67.82* - 18,408,748.71* 998.11

Error 483 713 14.93 12.22 1.42 3,141,041.62 5990.28

* P < 0.05,        ** P < 0.01.
† Degrees of freedom for MYPDASC.         ‡ Degrees of freedom for MYPDLL, MYPDCI, LY and CI.

Table 2. Least squares means for different traits.

Effect n MYPDLL MYPDCI MYPDASC LY CI
(kg) (kg) (kg) (kg) (days)

µ 506† 738‡ 19.04 15.44 4.91 6404.77 418.86
Months
January (1) 16 28 18.60a 15.66a 5.30ab 6885.22a 441.62ab

February (2) 45 66 18.51a 15.13a 5.01abc 6467.02ab 435.79ab

March (3) 69 90 19.61a 16.06a 5.28ab 6831.76a 426.88ab

April (4) 56 86 18.82a 15.17a 5.09ab 6662.18a 444.82a

May (5) 64 82 18.86a 15.44a 4.87bc 6376.11ab 418.26bc

June (6) 20 46 18.83a 15.10a 4.25 d 6180.38abc 409.42bc

July (7) 23 46 18.29a 14.73a 4.22 d 5698.91c 388.88c

August (8) 46 62 18.90a 15.33a 4.60cd 5989.18bc 393.08c

September (9) 50 69 19.13a 15.57a 5.11ab 6403.13ab 416.53bc

October (10) 63 87 19.59a 15.46a 4.79bcd 6010.35bc 392.79c

November (11) 38 48 18.81a 15.03a 4.89abc 6496.04ab 437.05ab

December (12) 16 28 20.57a 16.60a 5.57a 6857.02a 421.14abc

Parity order

1 - 506 18.46a 15.09a - 6418.08a 427.41a

2 - 232 19.63a 15.79a - 6391.46a 410.29a

Regression ona ge 0.11 0.08 - 43.53 0.32

†  First lactation number used for MYPDASC.     ‡ Lactation numbers used for MYPDLL, MYPDCI, LY and CI.
a,b,c Means connected by the same letter are not significantly different in the same column.



Discussion

In general, cows calving in hot months (summer) had
lower milk yield and production efficiency and shorter
calving interval. The results for calving interval seem to
contradict the findings of Ray et al. (16), who reported
that the fertility parameters were depressed in cows
freshening in spring and summer in Arizona, USA.  In this
study, there was a sympathetic decrease in calving
interval with the decrease in milk production. These
results suggested that fertility might be more affected by
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Table 3. Least squares means for production efficiency and calving interval by milk production category.

Production Category (kg) N MYPDLL MYPDCI MYPDASC CI

<4000 29† 45‡ 12.87e 10.15f 2.84f 362.63e

≥4000-<5000 84 104 15.774d 12.41e 3.74e 385.24de

≥5000-<6000 129 183 17.53c 13.94d 4.52d 398.00cd

≥6000-<7000 126 162 19.78b 16.04c 5.18c 413.30c

≥7000-<8000 70 120 20.67b 17.14b 5.77b 444.62b

≥8000 68 124 22.45a 19.09a 6.63a 499.47a

†First lactation number used for MYPDASC.
‡ Lactation numbers used for MYPDLL, MYPDCI, LY and CI.
a,b,c,d,e,f Means connected by the same letter are not significantly different in the same column.

Table 4. Regression coefficients for production efficiency and calving interval on lactation yield.

MYPDLL (738†) MYPDCI (738) MYPDASC (506) CI (738) 

0.001** 0.001** 0.001** 0.025**

**P < 0.01
† Figures in parentheses show the lactation record numbers.

Table 5. Phenotypic correlations among different traits.†

MYPDLL MYPDCI MYPDASC‡ LY CI 

MYPDLL - 0.89** 0.74** 0.64** -0.14**

MYPDCI - - 0.80** 0.70** -0.16**

MYPDASC - - - 0.92** 0.32*

LY - - - - 0.55** 

*P < 0.05
**P < 0.01
† The correlations were estimated from 738 lactation records of 525 cows.
‡ Correlations related to the MYPDASC were calculated from only 506 first lactations.

Table 6. Repeatabilities* for different traits.

Traits r S.E.

MYPDLL 0.51 0.05

MYPDCI 0.41 0.05

LY 0.43 0.06

CI 0.10 0.07

* The repeatabilities were estimated from 213 cows having both first
and second lactation records.



milk production than hot weather in western Anatolia.

The least-squares means in Table 3 indicated that
fertility was depressed more severely in cows producing
more than 7000 kg of milk. Similarly, Faust et al. (14)
reported that this level as 7250 kg in the North Carolina
Holsteins. Further, the partial linear regression
coefficients in Table 4 showed that production efficiency
and calving interval were expected to increase by 1 kg
and 25 days, respectively, for every 1000 kg increase in
milk production. However, the relationships between
these traits may not be linear.

A positive and significant (P < 0.01) correlation
was found between calving interval and lactation yield.
This result was similar to the findings of Olds et al. (5)
and Mohiuddin et al. (32).  The positive correlation
between calving interval and milk yield per day of age at
second calving was low but significant (P < 0.05). A
similar result (0.071) was reported by Deshpande and
Bonde (10) in Friesian x Sahiwal crossbreds. These
findings indicated that cows having higher lactation yield
and milk yield per day of age at second calving would
have longer calving intervals. Phenotypic correlations
between calving interval, milk yield per day of calving
interval and milk yield per day of lactation length were
negative but significant (P < 0.01) in a desirable way.
These were in accordance with the findings (-0.15, -
0.24) of Dhumal et al. (11) in Jersey x Red Khandri
crossbreds. These results implied that the longer calving
interval was associated with lower milk yield per day of
calving interval and milk yield per day of lactation length.
Lactation yield had positive and significant (P < 0.01)
correlations with milk yield per day of calving interval,
milk yield per day of lactation length and milk yield per
day of age at second calving. Similar findings were
reported by Deshpande and Bonde (10) in Friesian x
Sahiwal crossbreds, and Umrikar and Despande (13) and
Vij and Tivana (33) in Murrah buffaloes. Correlations

between different production efficiency traits were also
significant (P < 0.01) in desirable way. These results
were in accordance with the findings of Deshpande and
Bonde (10) and Dhumal et al. (11) in  Friesian x Sahiwal,
and Jersey x Red Khandri crossbreds.

Repeatabilities of milk yield per day of lactation length,
lactation yield and milk yield per day of calving interval
were higher than that of calving interval. Similar findings
were also reported by Hatwar and Chawla (34) in Murrah
buffaloes. These results suggested that there were higher
possibilities of improvement in the first 3 traits, whereas
an improvement in calving interval may be possible
through better feeding and management practices.

It was concluded that different environmental factors
such as region-year and calving month had significant
effects (P < 0.05) on production efficiency, milk
production, and calving interval. The effects of these
factors must be taken into consideration when evaluating
dairy cows. Milk yield per day of lactation length and milk
yield per day of calving interval have high repeatabilities
and desirable correlations with lactation yield and calving
interval. Therefore, these traits may be preferred by
breeders as selection criteria, but further genetic
correlation analyses with enough data would be useful for
assessing real genetic merit. The correlation between
milk yield per day of age at second calving and lactation
yield was higher than the others. However, the positive
and undesirable correlations between calving interval and
this trait should be considered. 
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