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Data on some production performance traits of 1000 milch Sahiwal cows from 3451 cows maintained at
the Livestock Experiment Station, Bahadurnagar, Okara, Pakistan during the period from 2000 to 2009
were selected to study the relationship between 12 linear type traits and reproductive performance of the
Sahiwal cows. The reproductive efficiency (RE) was measured in terms of calving interval from the first
five lactations. The type scores were standardized for stage of lactation, age at first calving and scoring.
The mean scores of linear type traits (rump width, stature, chest and body, suspensory ligament) varied
from 72.6+0.78 to 81.1+0.83 points. The estimates of heritability (h? for most of these type traits were
medium 0.31£0.22 to high 0.8210.31 and indicated the existence of large additive genetic variability for
these traits in this breed. The phenotypic correlations of linear type traits with RE ranged between -0.1.6
1 0.08 and 0.10 + 0.09. All the 12 linear type traits accounted for 92.96% of the variability in RE of Sahiwal
cows. Step-wise regression analysis revealed that 75% of the variation accounted by all linear type traits
in RE could be predicted by a sub-set of four type traits (TT) which included stature, chest and body,
pelvic angle and udder depth. It was concluded that in the case of absence of records, the reproductive
performance of Sahiwal cows can be predicted at an early age using some linear type traits.
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INTRODUCTION

Body conformation recording is not a common
measurement for dairy animals in Pakistan. This is also
true for Sahiwal Cattle breed. The major recorded

2007). Additive variance components estimated with
different methods for linear type traits TT have been
reported for Jerseys. Misztal et al. 1992 and Dahiya

populations of Sahiwal Cattle in Pakistan were presented
at livestock experiment stations in the public sector mainly
in Punjab Province. These experiment stations have been
given the mandate of Sahiwal breed conservation and
propagation through selective breeding. There were
several challenges in linear type classification. Linear
scores for different traits were dependent on several
environmental and physiological factors. There is an
increasing interest at the farmer level to broaden the
breeding objectives and to include more traits of economic
importance, especially the conformation traits (Khan,
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(2005, 2005a) recently reported inheritance pattern for 13
linear TT for Sahiwal and Hariana cattle using paternal
half-sib correlations. Several studies are available on
genetic parameter estimates on conformation traits for
different dairy cattle breeds in various countries. Wiggans
et al. (2004) reported animal model estimates of
heritability’s of genetic and phenotypic correlations for 15
linear TT of Ayrshire, Brown Swiss and Guernsey and 14
traits for Jersey. Such estimates for udder traits were
reported by Rupp and Boichard (1999) for French
Holsteins. Earlier, Gengler et al. (1997) reported genetic
parameters for linear TT for US Jersey cows while
Musarrat et al. (2008) reported genetic and phenotypic
correlations among TT of Guernsey cows using a sire
model. Heritability estimates of linear TT for Holstein cows



with sire model have also been reported.

Recently more emphasis on individual linear TT has
been advocated in contrast to genetic selection for final
type score. Functional type should received proper
attention to capitalize on the high production breed into
the modern dairy cow. Dairy cattle breeders in the
developed countries have studied the genetic importance
of linear TT but critical appraisal of the same are sporadic
and limited in Pakistan breeds. Hence, the present
investigation was undertaken to identify useful linear TT
for prediction of RE in Sahiwal cows.

MATERIALS AND METHODS

Phenotypic data and animal measurements were collected and
taken from 1000 in milk cows selected from 3451 animals. A
measuring tape (cm) was used for all measurements. Data were
analyzed through statistical software SPSS 17 version and GenStat
12" edition to see the scores for 12 individual TT according to
linearized type scoring system (Trimberger et al., 1987). In this
system individual linear TT were scored on 50 point scale (50-99
points) in which biological extremes of the traits were considered,
that is, minimum to maximum degree rather than desirability was
considered. Each cow was scored thrice just before milking. Within
21 days, three measuring of all type traits on one animals measured
and average of this taken as a result to reduce the error percentage.
For all the traits with an interval of 1 week and the average score for
each trait was taken to minimize any bias of a particular day. Data on
age at first calving, age at scoring and stage of lactation were also
collected to standardize the type scores for these factors. RE of the
cows was measured in terms of length of calving interval from the
first five calving of each animal. The data were analyzed using a
linear mathematical model containing stage of lactation as a fixed
effect, age at first calving as random effects and age at scoring as
covariates.

Heritability and correlations were estimated by the paternal half-sib
correlation method after adjusting the data for significant effects by
least-squares approach by GenStat 12" edition software. Multiple
and stepwise regression techniques Fooster et al., (1989) were
utilized to study the effect of linear TT on RE and to find out
important linear TT for the prediction of RE through SPSS 17 version
software.

RESULTS AND DISCUSSION

The linear type scores were standardized for stage of
lactation, age at first calving and age at scoring. Effect of
stage of lactation was significant (P<0.05) for stature,
rump width, rear udder height, teat placement and udder
depth. Age at first calving affected significantly only
stature, fore udder attachment, rear udder width, whereas
all the traits except foot shape and pelvic angle were
affected by age at scoring. Meyer et al., 1987, Filiz Akdag,
2011 and Toghiani (2011) also reported significant effect
of these factors of some linear TT. The average score of
all linear TT was computed after removing the significant
effect of these factors and given in Table 1. The scores for
form traits were in medium class (70 to 80 points) except
pelvic angle indicating that an average Sahiwal cow was
an intermediate in height and body capacity, having well
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formed feet, slight set in hock for rear legs and moderate
slope from hooks to pins. The scores for udder TT ranged
from 72.67 to 78.95 points and revealed that the
attachment of fore udder in Sahiwal cows was neither
extremely tight nor broken, udder was of intermediate
width, teats were centrally placed and nearly aligned and
tilting inward and udder floor was at the hock.

The h? estimates of various type TT given in Table 1
revealed that pelvic angle had the lowest h® (0.0710.262
followed by foot shape (0.13+0.30) in all linear TT. The h
estimates for stature, dairy character, rear legs, fore udder
attachment and udder depth were moderate, whereas the
estimates for all other form and udder traits were medium
to high. The h® estimates in the present study were higher
than those reported for various exotic breeds of cattle
(Meyer et al., 1987; Musarrat et al. (2008); Gengler et al.,
1997; Rupp and Boichard, 1999). High estimates of h*
were also reported by Musarrat et al. (2008) in Sahiwal
cattle. The high h? estimates for some linear TT in Sahiwal
breed are clearly indicative of the existence of large
additive genetic variability which in turn suggests that
these traits have hardly been subjected to selection.
Therefore, appropriate attention needs to be directed for
the utilization and genetic improvement.

The phenotypic correlations of linear TT with RE (Table
1) revealed that stature and chest and body had moderate
and negative relationship with RE suggesting that tall and
strong cows lend to have shorter inter calving period as
also reported by Burnside et al. (1984) and Dadati et al.
(1986) in exotic cattle. Total number of recorded in milk
animals was 1000 selected from 3541 animals. Each herd
was comprised of approximately 1100 animals and the
duration was 2000 to 2009.

In this study, the highest positive correlation 0.10 £ 0.09
was observed in dairy character. The average score of
dairy character was 79.62+0.81 and heritability was
0.31+0.22. The foot shape angle average score was
76.552+0.92 heritability was 0.131£0.05 and the correlation
value was 0.03£0.01. The values of chest and body, and
stature were 74.2410.84 and 73.26x0.82 and the
correlation was -0.27+0.08 to 0.31£0.08, respectively. All
the aforementioned results are similar with the findings of
Canadian Holstein Association (1995)

Most of the coefficient among chest and body had
negative signs. Udder depth corresponds to the distance
between the bottom part of the udder and the hocks
(Canadian Holstein Association, 1995). However, research
by Van Vleck and Norman (1972) showed a negative genetic
correlation between udder depth and lifetime production
(Canadian Holstein Association, 1995).

Udder depth and teat placement rear view had negative
correlations with all body traits; most of the correlation had
low medium range. Correlation of foot shape (angle), fore
udder attachment, pelvic angle, rear legs, rear udder
width, rump width and suspensory ligament had low
range. A phenotypic correlation of -0.16 was estimated
between pelvic angle and RE which was similar to the
findings of Van Vleck and Norman (1972) and Honnette et
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Table 1. Average score, h® estimates and phenotype correlations of linear TT with RE in Sahiwal cows.

Trait Average score h? + SE r, + SE
Chest and body 74.24 +0.84° 0.48+0.12° -0.27 £0.08°
Dairy character 79.62 +0.812 0.31 +0.22¢ 0.10 +0.09°
Foot shape (angle) 76.55+0.92° 0.13 +0.05° 0.03 +0.01°
Fore udder attachment 75.32 +0.97° 0.33+0.11¢ -008+ 003
Pelvic angle 81.16+0.81% 0.07 +0.01° -0.16 +0.08°
Rear legs (side view) 75.24 +0.97° 0.35+0.06° -003+ 001°
Rear udder width 75.35 +0.70° 0.63 +0.15° 0.02+0.01°
Rump width 72.67 +0.78° 0.82+0.31% 0.04 +0.02°
Stature 73.26 +0.82° 0.27 +0.10° -0.31+0.08°
Suspensory ligament 76.12+0.81° 0.53+0.21° 0.04 +0.01°
Teat placement 76.71 +0.74° 0.27 +0.09¢ -004+001°
Udder depth 78.95 +6.62° 0.35 +0.06° -0.12 +0.05°

h®, Heritability; rp, phenotype correlations significant (P<0.05) and non significant (P>0.05) means of triplicate experiment; means
sharing same letter in column are statistically non significant by Tuckey’s T-Test at 0.05 level of significance.

Table 2. Statistical analysis for RE on linear TT in Sahiwal cows.

-4
°

Trait

Regression analysis

Multiple Stepwise
1 Intercept 3233.53 2669.72
2 Stature -11.13 -9.02
3 Chest and body -1.75 -1.85
4 Dairy character 9.24 -
5 Foot shape (angle) -1.96 -
6 Rear legs (side view) -3.69 -
7 Pelvic angle 2.88 3.21
8 Rump width -0.38 -
9 Fore udder attachment 0.47 -
10 Rear udder width 2.66 -
11 Teat placement -1.15 -
12 Suspensory ligament -6.79 -
13 Udder depth -7.84 -7.92
14 R 92.96* 97.22

*Coefficient of determination: Is the ratio of the explained variation to the total variation.

al. (1980) who reported that cows with sloping rumps were
having shorter calving intervals than those with level
rumps. Among udder traits, udder depth had moderate
phenotypic correlation with RE as -0.12 indicating that
cows having deep udders had shorter calving interval
periods. Such type of relationships between udder traits
and reproductive attributes were also reproduced by
Honnette et al. (1980) and Dadati et al. (1985).

Inter and intra-correlations of type reproductive
performance traits may result in difficult on liner TT
reproductive performance in early life. Keeping these
findings in mind, step-wise regression procedure was
carried to know the best combination of few linear type
traits which have some predictability for RE (Table 2).

The total contribution of all linear TT towards the
variation in RE was 92.96%. The highest estimate of
partial regression coefficient among non-udder trait was
for stature -11.13 highlighting its importance in production
of RE in this breed. Among udder traits, udder depth
showed the highest partial regression coefficient.

Step-wise regression analysis revealed that 75% of the
contribution by all linear TT towards RE could be
measured by a sub-set of four TT. This group included
stature, chest and body, pelvic angle and udder depth. It
means that reproductive ability of Sahiwal cows can be
judged at an early age with the help of these four linear TT
in the absence of records for reproductive attributes.
Musarrat et al. (2008) reported that broad body and good



udder shape had the higher index values for reproductive
ability in cows.

Tozser et al. (1999) also reported that after 13 steps of
backward step-wise regression, only 9 out of the original
22 type traits were incorporated in the regression equation
and multiple correlations co-efficient did not change
substantially after thirteen step of analysis.

Conclusions

It was concluded that high magnitude of heritability for
some linear type traits and their association with
reproductive performance; these twelve traits can be
utilized for maintaining RE in high producing Sahiwal
cows. The regression analysis revealed that the repro-
ductive performance of Sahiwal cows can be judged in
early life with the help of few type traits such as stature,
chest and body, pelvic angle and udder depth.
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