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Abstract: The objective of the present study was to evaluate genetic variability in body condition score (Bes) along
with its relationship with reproductive performance (Do: days open) for Hungarian Holstein Friesian cows. Body
condition score records were available from calving to end of lactation of the first three parities. Data consisted of
162,792 test-day observations on 4,215 cows daughters of 1,410 dams and 132 sires recorded between the years 1998
and 2001. Polynomial random regression of the third order was applied to explain variation in body condition score and
days open. Heritabilities, additive and permanent environmental correlations were estimated using random regression
animal model. Heritability of body condition score was estimated as 0.17+ .08 on average, ranging from 0.01 for the
first parity during early lactation to (.26 for the second and the third parities during mid lactation. Heritability estimate
of days open was 0.20 on average, ranging from 0.19 to 0.23 during late and early production life, respectively.
Permanent environmental conditions contributed the lowest variation in Bes within the first parity and during early
stages of the second and third parities. Early body condition score was additively negatively correlated {-0.45) with next
measures near to lactation end but that during midlactation showed strong positive additive correlation (0.96) with the
next measures toward trajectory end. The results suggest that Bes across different lactation segiments could be treated as
separate traits, Random regression on age showed that Bes was not similar genetically across different calving age as
evident from depression and weakness of their positive correlations. Days open during early lifespan was additively
negatively associated with Bes during maturing calving age (reached -0.27). The results indicated that cows with high
Bes had genetically shorter days open, hence an increased reproductive performance. In general, the current results
suggested that Bes data collected by type classifier can be well used for genetic evaluation and that pattern of genetic
variation between animals for Bes can be changed either across different stage of lactation or across different calving
age.
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INTRODUCTION loss during early lactation is also related to higher
production and poorer reproductive performance. Bes is
favorably correlated genetically with days to first heat,
days to first service, conception rates, and calving
intervals (Dechow et «f, 2001; Pryce er al, 2001;
Veerkamp et al, 2001). Several steps can be taken to
address the reproductive performance conundrum, e.g.
including Bes in selection indexes. Bes has been shown
to be correlated (0.29 to 0.42) with improved fertility.
Therefore, it seems to be a possible factor to be
included in a selection index to maintain or improve
reproduction. Bes is easily measured, has herd
management benefits and has a moderate correlation
with fertility. The U.S. is starting to measure Bes
routinely and the UK has already included it in a
selection index (Berry ef al., 2003).

The objectives of the current study were to: 1)
investigate changes in genetic parameters for Bes within
and across lactations as well as with age at calving
using random regression model, and 2) measure the
relationship between Bes and days open across different

Total body energy reserves (or body condition}
kave been shown to influence reproduction, milking
abitity, and maintenance in multiparous cows (Morrison
ef al., 1999). Even more important may be the influence
of adequate body condition on reproduction in
primiparous cows (Lalman et af., 1997). Body condition
scores are a subjective measure of body fat and tissue
reserves that are commonly used to monitor and manage
the nutritional and health status of dairy herds (Wildman
ef al., 1982). They stated that body condition scores are
vhenotypically associated with yield, cow health, and
reproductive performance. Economic efficiency of dairy
production is dependent on all of these factors as well as
efficiency of feed utilization. Selection for yield traits
has been successful and has improved the efficiency of
dairy production {Korver, 1988). However, simulation
studies indicated that selection pressure for other
economically important traits, such as reproductive
performance using the best related traits such as body
condition scores, has been less than optimal (Philipsson

et al., 1994). Cows that are fat or overconditioned at
calving may be at risk for increased reproductive
problems (Gearhart e af., 1990). However, the fat or
overconditioned cows may represent extremes in Bes
that are not typically seen in high yielding dairy herds.
Cows with higher Bcs at calving generally lost more
body condition during lactation, which could negatively
influence milk yield (Domecq er af., 1997). Higher Bes
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calving ages.

MATERIALS AND METHODS

There are five key areas on the body cows that
need to be assessed, namely the area between the tail
head and pin bones, inside of the pin bones, backbone,
hips and depression the hip and pin bones as shown in
Figure | (Moran, 2005). The svstem for body condition
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score (Bes) ranges from emaciated/very little flesh over
the skeleton (score 1) to very fat heavy fat cover (score
8). Only cows showing scores from 1.5 to 5 are
described herein. Cows with scores of 1.5 or less are
very thin and either severely underfed or suffering
from disease or injury. Cows with scores over 5 are
overfat and at risk of suffering from metabolic diseases
around calving. Scoring increments are half point,
Records were edited to include Hungarian Holstein

cows classified berween 100 and 350 week of age and
between 15 and 395 days in milk (DIM) throughout the
lactation representing 13 groups with one-month
interval. Data consisted of 162,792 test-day

observations on 4,215 cows daughters of 1,410 dams
and 132 sires recorded between the wears 1998 and
2001, Distribution percentages of Bes and trend of its
changes across different stages within the first three
parities are shown in Figure 2.
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Figure (2): Changes of body condition score (Bes) across different lactation stages and their percentage of distribution.

Mathematical Model:-

Two random regression models were applied to
include either days in milk or calving age as fixed
regression along with the covariate function.

Maodel I:

Y, = HID, + DIM +Znﬁ,,,,zﬁ + zua,,,,zﬁ, £E,

Model 2:
r i
Y, =HID, +CA; + ). B Z, + Y. anZ, +&,

=0 A=

Where - Yy is the test-day observation for body
condition score and days open, HTD, is the fixed effect
of herd-test-date; DIM; is the fixed effect of days in
milk (model 1) or CAj: calving age (model 2); Z;, is the
polynomial n for days in milk (DIM;) Calving age
{CAj), where n=(0,......r) for permanent environmental
effects and n=(0,......t) for additive genetic effects; £,
is the random regression coefficient on Z, for the
permanent environmental effect of cow k; &y, is the
random regression coefficient on Z;,, for the additive
genetic effect of animal k and £ 4 is the random
residual variance,
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Additive genetic ola . and permanent

environmental o ¢ . variances and heritabilities at DIM
k were calculated as:

c’a, =2,Gg  oc=7,Ps

2
o da,
Wy = £

2 2 2
oca, toc, +o.

where : Z,, is the vector of polynomials in the model
for DIM,, G: is the (co)variance matrix for additive
genetic random regression coefficients, P is the
{co)variance matrix for permanent environmental

. - 2 .
random regression coefficients and o~ e is the random
residual variance.

Correlations between traits:

a
Z Z &, fies
’
r = L
8 Doy Bes ZZO_ Zzo_
2w, Do, & Buw; e,
t ) P

Where

r is genetic correlation between Do at "
gDo,.BaJ

DIM and Bes at j™ DIM, o is genetic

8w e,
covariance between Do at i'"" DIM and Bes at j™ DIM,
is genetic covariance between Do at i and at

&oo; b,
j® DIM, respectively and O, .. IS genetic
ey; Bosy
covariance between Bes at i and at j™ DIM,
respectively.

Software package of DFREML (Meyer, 1998
Version 3B last update 2001) was used for fitting
random regression model.

RESULTS AND DISCUSSION

Heritabilities of body condition scores:

Heritability estimates for body condition score
{Bcs) showed clearly different trends across different
lactation stages within the first three parities (Figure 3).
Averages and ranges of estimates were 0.02; 0.01 to
0.04, 0.14; 0.0 to0 0.27 and 0.14; 0.03 to 0.23 within the
first three parities, respectively. Peak of heritability
estimates were obtained near mid-lactation for all
parities. The lowest estimates were observed within the
first parity. It seems that, genetic variability among
young cows in Bes during early life was lower than at
later stages of their lifespan. The highest heritabilities
ranging from 0.23 to 0.27 during mid of the last two
parities. It seems that, inheritable effects on Bces are in
progressing mode with advancing order of lactation.
The lowest heritability estimates were mostly during
both trajectories of the first three parities. It is possible
that genetic variation in Bes might be greatly affected
by stage of lactation effects. Veerkamp et al (2001)
reported that genetic variance of Bes was found to be
highest in midlactation and lower at the beginning and
end of lactation. Therefore, the best results for
enhancing genetic improvement of Bes genetic could be
achieved when selection is applied within mid 2" and
3% parity. Heritability estimates of Bes during early
stage of lactation were low (0.09) and reached its
highest level near to lactation end (0.20) across different
parties (Dechow et al, 2001). Biffani ef al (2002)
found that heritability for Bes was 0.198 which is
similar to corresponding values obtained in the present
study. In addition, low heritability estimates (0.05) for
Bes reported by Pryce et al (2000) agrees with the
current estimates across the first parity.
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Figure (3): Heritability (h®) and permanent environmental effects (Pe?) for body condition score (Bes) across days in
milk and for days open (Do) across calving ages (in weeks).
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Permanent environmental effect:

Body condition scores seemed to be mainly
controlled by environmental condition across the first
parity. Environmental influence was however minimum
across early 2°¢ and 3" lactations (Figure 3). It appears
that, Bes measured early in life may be influenced to a
greater extent by management and environmental
conditions. These results are in agreement with those
reported by Dechow ef al. (2001). Thercfore, improving
systems for rearing heifers could be favorable for
improving body condition during first lactation.

Heritability estimates of days open:

Heritability  of days open (Do) was 0.198 on
average and ranging from 0.189 during late life to 0.230
during early lifespan (Figure 3). Changes of heritability
estimates across different calving ages seem to be
negligible. This result agrees with that reported by
VeerKamp e al. (2001). Contribution of permanent
environmental effects to variations in Do was limited
where only minor changes were observed across
different calving ages.

Correlation among repeated Bes across lactation:
Additive.genetic correlations between Bes at DIM®®
with nearest measures were moderately low and were in
depression mode from 0.83 to 0.05. (Figure 4). It
appears that genetic association of Bes at early lactation
with those at mid lactation segments tends to decline as
lactation proceeds. Therefore, Bes could be considered
as non repeated trait across the first half of lactation due
to existence of several physiclogical changes (estrus,
conception, lactation progress and pregnancy). This is in
agreement with results reported by Berry ef al. (2002)
and Dechow er al. (2004). Additive genetic correlations
between early Bes with the corresponding late measures
were negative and reached -0.45. This may indicate that,
thin cows during early Jactation could be progressing
lactation and pregnancy in a good body condition status,
Although showing slight reduction towards lactation
end, body condition score during inidlactation (Bes™™
was In strong additive correlation with next
measures till lactation end (close to unity). The small
changes in additive genctic correlations across the 2™
half of lactation and the high genetic correlations imply
that Bes are genetically similar. In other words, Bes
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could be considered as repeated trait during the second
half of lactation. These results are in agreement with
reports of Koenen and Veerkamp {1998). They found
that, genetic correlations were very high (0.34 to 1.00)
between Bes observations across the 2™ half of
lactation. Additive correlation between repeated
measures of Bes around the first 90 days in milk was
about 0.8 being lower than the around midlactation.
Therefore if true, avoiding Bes depression across the
current lactation may be more successful by
manipulating Bes after the middle of the previous
lactation.

Retationship between early Bes with repeated Do
across calving ages:

Additive associations between early body condition
scores (Bes) and days open (Do) during midd!e lifespan
increased with progressing calving age and arrived to
more than 0.60 (Figure 5). This means early over weight
is the most possible reasons for inefficient reproductive
performance during lifespan end. On the other hand
negative additive correlation was established between
Bes at 175 wk of age with the nearest subsequent
measures of Do. [t appears that, mature cows genetically
inclined to produce higher levels of body condition
scores tend to have short days open, loose more body
condition score and suffer more severe negative energy
balance in early production life. Therefore, fattening
heifers during early production life must be avoided in
order to extend reproductive life. On the other hand, a
moderate body condition score seems to have a normal
effect on subsequent reproductive performance in
mature cows. Domecq et af. (1997) reported that early
fosses of body condition scores lead to impaired
reproductive performance in multiparous cows more
than other reproductive disorders. Body condition score
of cows at calving is the most important factor affecting
postpartum interval to estrus and pregnancy rate in
multiparous cows (Selk e af, 1988). Biffani ef ol
{2000) found that genetic correlations between Bes and
reproductive traits were moderately high and seem to be
not negligible. These relationships have positive
implications for the evaluation of Bes as candidate
predictor of reproductive performance.
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Figure (4): Additive (Ra) and permanent environmental (R¢) correlations between early (Bes™ °%) and midlactation
{(Bes'"™™ '*% body condition score with their next measures across lactation.
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Figure (5): Additive (Ra) and permanent environmental (Rc) correlations between early body condition score and days

open across calving ages (weeks)

Permanent environmental correlations between
early Bes and Do were -0.42 on average and remaining
stable at low levels (between -0.2 to -0.3) across most
calving ages (Figure 3). Enhancing environmental
conditions for rearing pregnant heifers have no serious
effect of future reproductive performance due to their
negative relationship with Do. Thus measuring body
condition scores during early ages are very important
for addressing reproductive performance in future.

Relationship between early Do with repeated Bes
across calving ages:

Additive relationship between early (at 100, 125wk)
measures of days open with body condition scores
across different calving ages follows a negative
curvelinear fashion (Figure 6). Highest magnitudes were
-0.25 to -0.30 for Do at 125wk with Bcs across the
interval of calving age from 225 to 275 weeks. This
indicates that early good reproductive performance will
lead to a good body condition score during mature age.
Permanent environmental correlation between early Do
and nearest three measures of Bes increased in negative
direction (around -0.8) and then decreased toward
production life end (between -04 to -0.6). Such
relationships are favorable for genetic enhancement of
body status during stage of progressing pregnancy and
embryo development. Thus, routinely measurements of
Bcs are recommended to be included in reproductive
selection index.

Relationship between Bes and Do across calving
ages:

Genetic and permanent environmental relationships
between Bes and Do are not consistent at the same
calving age (Figure 7). Body condition score was found
to be additively negatively correlated with Do during
middle productive life reaching to -0.29. These results
suggest that Bes could be considered important factor to
be included in a selection index tO maintain or improve
reproductive performance. Cows with fow Bes will
exhibit poorer fertility, suggesting that genes associated
with body tissue mobilization may have pleiotropic
effects or be closely linked to genes controlling fertility
i animals (Berry er af,, 2003). Relationships during
early calving age were low and ranged from 0.0 to -0.20
across the [50 wk of age. Despite the antagonistic

relationship between Bes and production traits (Dechow
et al., 2002), selection must be practiced for enhancing
body status because of a favorable relationship with
reproductive performance. Positive association between
Bes and Do was observed at the 300" week of age and
progressed throughout the rest of animals’ life where it
reached 0.42. This means that, lowering reproductive
performance (extending Do} during the late productive
life was associated with enhancing body score. So,
decreasing reproductive efficiency of dairy cows at life
end will be associated with enhancing body condition as
a result of more fat deposition. Curve shape in Figure 7
indicates that all efforts fo enhance Bces though
managerial aspects will lead to shortness days open as
gvident from their negative permanent environmental
correlations.

Relationship between repeated Bes across calving
ages:

Relationship between early Bes and nearest
repeated measurements are strong and decreased rapidly
toward lifespan end (Figure 8). This means that, fatty
heifers during earlier calving ages are not reliable
indicator for their body condition score during older
calving ages. Similarly, frailer cows, i.e. those with
early low body condition form has good possibility for
achieving good Bes with advancing calving age. In
addition, Bes could not be consitdered as repeated
measurements as evident from reducing its correlations
with progressing calving age. It appears that,
management practices for enhancing Bes are not the
same across different calving ages, since permanent
environmental correlations between repeated Bes are
negative

Relationship between repeated Do across calving
ages:

Additive genetic correlations between early Do with
subsequent measures are in depression mode toward
productive life end (but still high ~ 0.75) as shown in
Figure 8. This means that Do could be considered as
repeated trait across different stages of productive life.
Also from economic point of view, early selection for
efficient reproductive performance will be very
effective for reducing general reproductive losses in
dairy herds.
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Figure (6): Additive (Ra) and permanent environmental (Rc) correlations between early days open {at 100 and 125 wk)
with body condition score across calving ages (wk).
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Figure (7): Additive (Ra) and permanent environmental (Rc) correlations between body condition score and days open
at the same point across different calving ages (wk).
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Figure (8): Additive (Ra) and permanent environmental (Rc) correlations between either early body condition score
{Bcs) or days open (Do) with their repeated measures across calving ages).
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