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India is bestowed with rich (199 million) cattle
population producing 127.9 MT @ 290 g/day consumed
by population of 1.2 billion (BAHFS 2013). The
combination of growing demand for livestock products in
the developing world and the demand in industrialized
countries represent a major economic opportunity for mostly
local livestock keepers in developing countries (GOI 2010).
In spite of the presence of large and diverse cattle genetic
resources, the productivity of indigenous cattle breeds
remains low in the country for various reasons, such as
inadequate nutrition, poor genetic potential, inadequate
animal health services, the harsh climatic conditions and
other management related problems. The productivity of
dairy animals could be increased by crossbreeding the low
yielding non-descript cows with high yielding suitable
exotic breeds. Crossbreeding of local cattle breeds with
exotic breeds such as Holstein Friesian is aimed to increase
milk production yield to 4,000 kg milk/lactation (Lakshmi
et al. 2009).

When sexual maturity is delayed, economic return will
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ABSTRACT

The study was conducted on the performance records of age at first calving (AFC) spread over a period of 15
years on Karan Fries crossbred cattle maintained at Livestock Research Centre. Data of 676 cows were collected
and analysed by Least Squares Technique to examine the effect of non-genetic factors on age at first calving.
Period of birth was classified into 5 periods (I-V) and season of calving into 4 seasons (winter, summer, rainy and
autumn) to see the effect of non-genetic factors on age at first calving. Effect of period of birth was significant on
age at first calving while season of calving showed non-significant effect on age at first calving. The overall least
squares mean of age at first calving was 1043.40±6.64 days. For the optimisation of age at first calving with regard
to milk productivity, analysis was carried out by class interval method. Age at first calving was classified into 7
classes and its average means of milk yield were obtained by using Least Squares Technique where optimum level
of age at first calving was obtained at 885–1100 days based on higher milk yield and numbers of animal observed
in different classes. From the study, it was concluded that optimum age at first calving could be achieved through
proper nutrition and management practices. However, to determine the optimum level of age at first calving, much
emphasis should be given to maximum profit rather than maximizing milk production.
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reduce in dairy cattle. The longer the animal remains
unproductive the greater the loss to the farmer. The age at
first calving changes the heifer from non-productive
expensive item to an income generating cow. Early age at
first calving reduces the unproductive period of the cow
and thus increases the net return. Higher age at first calving
causes the additional rearing cost of animal. So, it is essential
to asses at what age the animal would be bred for the first
time to get an optimum balance between expected increase
in production and expected increase in additional rearing
and other costs to maximise the production and net returns
in the following lactation. The objective of this study was
to observe the effect of environmental factors on age at
first calving and to analyse milk production records of Karan
Fries cows for obtaining optimum level of age at first
calving.

MATERIALS AND METHODS

The crossbred cattle maintained at the Institute farm were
exposed to extreme climatic stress due to wide range of
meteorological factors. Loose housing system was followed.
The nutritional requirement was met through both
roughages and concentrate. The animals were bred through
artificial insemination. All types of veterinary aids,
prophylactic and sanitary measures were taken care.

Data comprising 676 lactation records of Karan Fries
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cattle from 1998 to 2012 (15 years) were utilized for the
study. The records of known pedigree, normal calving and
normal lactation (250 days and above in milking) were
considered in the study. The collected data were classified
and coded into 5 different period of birth; 1995–1997 (I),
1998–2000 (II), 2001–2003 (III), 2004–2006 (IV) and
2007–2009 (V) and into 4 different season of calving; winter
(December - March), summer (April - June), rainy (July -
September), autumn (October - November) in order to
observe the effect of non-genetic factors on age at first
calving.

The influence of various non-genetic factors on age at
first calving was studied by Least Square Analysis of
variance for non-orthogonal data using the technique
described by Harvey (1975). The statistical model used for
age at first calving is given below.

Yijk= μ + Si + Pj + eijk

where, Yijk,overall mean; Si, effect of ith season of birth
(i=1–4); Pj, effect of jth period of birth (j=1–5); eijk, random
error, assumed to be normally and independently distributed
with mean zero and constant variance i.e. NID (0, σe 

2).
Class intervals of age at first calving: For optimisation

of age at first calving with regard to milk production, the
data were classified into different classes and used class
interval with the help of Sturges formula.

C=R/1+3.322 log 10N

where, C, width of class/class interval; N, number of
observation; R, range (maximum-minimum);
1+3.322log10N, number of classes.

The significant difference among means of different
classes of age at first calving was studied by using least
squares analysis. The model used is given below:

Yij = μ + Ci + eij

where, Yij, j
th observation of ith class of AFC; Ci, effect of

ith class of AFC; i, 1, 2, ....7 classes of AFC; eij, random
error, assumed to be normally and independently distributed
with mean zero and constant variance i.e. NID (0, σe 

2).

RESULTS AND DISCUSSION

Age at first calving is an important economic trait. The
early the cow matures, better is the profit. In this study, the
overall least squares means for age at first calving was
1043.40±6.64 days (Table 1), which was in agreement with
Reddy and Basu (1985) and Rana (1991) in various crosses
of HF. However, in contrast to our findings, Patil et al.
(1980), Yadav and Balaine (1980), Arora (1986) and Singh
et al. (1988), reported lower average means of age at first
calving in various HF crosses, while Nayak and Raheja
(1996) and Elemam and Nekheila (2012) reported higher
average of age at first calving in HF cross with Zebu cow.

Effect of period of birth on age at first calving: Period
of birth was statistically significant (P<0.01) on AFC which
is in agreement with Nagarcenkar and Rao (1982),Singh et
al. (1988) and Nayak and Raheja (1996) in various HF

crosses, while Sharma et al. (1982) reported non-significant
effect on Holstein crosses with Sahiwal. Those cows which
were born in the period (1995–1997) had the lowest average
means of AFC (997.15±14.21 days), while those cows born
during the period (1998–2000) had the longest average
means of age at first calving (1053.18±14.14 days). The
variation in age at first calving observed during these periods
might indicate level of management as well as
environmental effects on this economic trait. The level of
management varies according to the ability of the farm
manager, his efficiency in the supervision of the staff,
system of crop husbandry, method and intensity of culling.

Effect of season of calving on age at first calving: The
effect of season of birth on age at first calving was
statistically non-significant and similar reports were also
given by Rana (1991) in HF crosses with SW/T and Singh
(1995) in Karan Swiss and Karan Fries crossbred cattle.
The cows born in winter had the lowest average age at first
calving (1035.94±10.28 days), compared to autumn born
cows which had the highest average age at first calving
(1049.60±15.17 days) which might be due to availability
of good quality fodder and favourable climatic condition
during winter season.

Optimisation of age at first calving with regard to milk
productivity: To find out the optimum level of age at first
calving with regard to milk productivity, age at first calving
was divided into 7 different classes. The average mean
values of 305 days or less milk yield (305DMY), total milk
yield (TMY), milk yield/day of lactation length (MY/LL)
and milk yield/day of calving interval (MY/CI) for each
class of age at first calving were estimated (Table 2).

Age at first calving in relation to 305 days milk yield
and total milk yield: The averages of 305DMY and TMY
for each class of age at first calving were estimated (Table
2). The result with maximum 305DMY (3685.93±137.63
kg) and TMY (4652.83±229.08 kg) was observed in seventh
class (>1317 days) and sixth class. While, minimum for
both 305DMY (3222.93±232.64 kg) and TMY

Table 1. Least square means±SE value and effects of non-
genetic factors on age at first calving

Parameters No. of obs. Age at first calving (days)

Overall means 676 1043.40±6.64
Period of birth *

I 130 997.15±14.21c

II 127 1053.18±14.14b

III 110 1001.52±15.19c

IV 225 1049.42±10.68b

V 84 1115.72±17.41a

Season of calving
Winter 256 1035.94±10.28
Summer 151 1039.05±13.08
Rainy 158 1049.00±12.63
Autumn 111 1049.60±15.17

The values with different superscript within the column differs
significantly 5% (*) and 1 %(**)
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(4233.12±435.59 kg) was observed in first class (<776
days). Maximum number of animal observations (27.64%)
was observed in fourth class (993–1100 days) while,
minimum number of animal observations (2.05%) was in
first class (<776 days).

Age at first calving and milk yield per day of lactation
length: Milk yield/day of lactation length is a better indicator
to assess productive performances of dairy animals, as it
includes both milk yield and lactation length. The averages
of milk yield/day of lactation length for each class of age at
first calving was estimated (Table 2). Animals in the seventh
class (>1317 days) had the maximum MY/LL (11.36±0.04
kg), while cows in first class (<776 days) showed minimum
MY/LL (10.15±1.76 kg). Highest number of animal
observations was in the fourth class (993–1100 days) with
27.64%, while minimum number of animal observations
was in first class (<776 days) with 2.05%.

Age at first calving and milk yield per day calving
interval: Milk yield/day of calving interval is one of the
best indicators to assess productive as well as reproductive
performance of a dairy cow. This includes lactation length
(service period plus gestation period) and dry period. The
averages of milk yield/day of calving interval for each class
of age at first calving was estimated (Table 2). Maximum
MY/CI (10.37±3.98 kg) was observed in seventh class
(>1317 days) while minimum MY/CI (9.49±4.49 kg) was
observed in first class (<776 days). Highest number of
animal observations was in the fourth class (993–1100 days)
with 27.64%, while minimum number of animal
observations was observed in first class (<776 days) with
2.05%.

The rate of change in various milk production parameters
(305DMY, TMY, MY/LL and MY/CI) with respect to age
at first calving showed that milk production increases with
increase in age at first calving. Cows in early age lactation
showed inferior performance which might be due to sudden

exposure to calving, lactation stress and incomplete
physiological and mammary development. Whereas, milk
production of cows was better with higher age at first
calving which might be due to more maturity in their
physiological and mammary system.

Although, milk production increases with increase in age
at first calving, it is not economical for cow with higher
age at first calving as it reduces the lifetime production
couple with waste of extra feed cost and labour. Moreover,
fewer number of animal observations fall under these
classes. The least squares analysis showed that the effect
of age at first calving class on milk production was non-
significant. So, those animals which are having lower age
at first calving would be more economical. So, when third
and fourth classes (885–1100 days) were combined making
a majority of animal observations (52.34%) with wider
range of age at first calving showing better relative
performance, which could be considered as more
economical and achievable. The finding of this study was
slightly higher than those reported by Singh (1986), 721–
810 days in Jersey half-bred, 721–900 days in Friesian half-
bred and 871–990 days in Brown Swiss half-bred. However,
in comparison to indigenous cow, the same researcher
reported higher optimum AFC (1321–1440 days) in Hariana
purebred.

From the above discussion of milk production traits, it
can be concluded that the age at first calving (885–1100
days) which fall under third and fourth class was the
optimum level for Karan Fries cows. Early maturity cows
showed poorer performance while late maturity cows
showed higher performance although at the expense of more
labour, more feeds and shorter productive lifetime.
Therefore, in economical point of view, to determine the
optimum range of age at first calving, more emphasis should
be given to maximum profit rather than maximizing milk
production.

Table 2. Classes of age at first calving and average 305DMY, TMY, MY/LL and MY/CI

AFC class No. Average Average Average No. Average
305DMY (kg) TMY (kg) MY/LL (kg) MY/

CI (kg)

<776 14 3222.93± 4233.12± 10.15± 11 9.49±
232.64 435.59 1.76 4.49

777–884 106 3332.32± 4271.01± 10.44± 79 9.59±
84.54 152.54 0.64 1.67

885–992 168 3340.04± 4319.96± 10.59± 114 9.62±
67.15 121.17 0.50 1.39

993–1100 188 3400.59± 4364.85± 10.79± 121 9.57±
63.48 114.54 0.48 1.35

1101–1208 117 3445.71± 4248.98± 10.81± 78 10.34±
80.47 145.19 0.61 1.68

1209–1316 47 3670.14± 4652.83± 11.09± 27 10.10±
126.97 229.08 0.96 2.86

>1317 40 3685.93± 4534.32± 11.36± 14 10.37±
137.63 248.32 0.04 3.98
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