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ABSTRACT: The aim of this study was to improve weaning weight of
Friesian heifer calves (records of 1024 progeny of 52 sires and 810 dams} via
selection index method which inciuded general, reduced, sub and restricted
indices at different levels of restrictions on increase in birth weight.

Estimates of genetic and phenotypic parameters for body weight at birth,
30, 60 and 90 days of age were computed and used to construct nineteen
selection indexes to improve the weaning weight in Friesian heifer calves.
The full index incorporating weights of birth (W0), 30 (W30), 60 {W60) and 90
(WW) days of age had the highest correlation with aggregate breeding value
(R, = 0.765}. The correlation fell to 0.56 when body weight at birth was
omitted from the index. Selection for body weight at 90 days of age alone is
expected to be 0.49% as efficient as selection for the full index.

The maximum expected genetic gain in 90 body weight was 1.31 kg per
generation when all four body weights were inciuded in the index; this
decreased to 0.96 kg/ generation when body weight at birth was excluded
and further decreased to 0.96 kg/ generation when selection based on
weaning weight only.
it could be suggested using (I; I;, I, and I;) to improve weaning weight in
Friesian heifer calves under strategy one and using I:s (rsx restiction on woy, 117 (s0%
restriction on wo) Under restriction strategy in case of population that have already
not reached optimal WO but In case of population that have already reached
optimal W0, we suggest using completely restriction index (f,s).

Key words: body weight, genetic parameter, selection index, restriction,
Friesian heifer calves.

INTRODUCTION

Friesian heifers of high growth performance show decreased time to
conception and better milk yield during the first lactation as compared with
those of low or average growth performance (Shemeis ef al., 2006}. Thus, it
appears that a primatry interest of dairy producers would concentrate on the
improvement of pre and post weaning growth rates of their heifers without
much concomitant increase in birth weight to minimize the risk of calving
difficulties (Laster et al., 1973). MacNeil ef al., {1998} showed that it is
necessary to select against the increase of birth weight due to it is positive
relationship with dystocia.
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Friesian cattle are the most reputed dairy cattle in Egypt and they are
potential dual-purpose animals (Abdel-Glil and Elbanna, 2001). -

Selection index was developed by Hazel and Lush (1942) and Hazel (1943)
as a method of selection for more than one trait at the same time. This
method helps breeders to rank and evaluate the individuals on their total
breeding values by condensing and summarizing the breeding values of the
different economic traits in one total score for each one. Multiple trait
selection requires the definition of a breeding goal including individual traits
weighted according to their relative contribution to efficiency of production
as expressed by economic values (Hazel, 1943).

This study was carried out to estimates the genetic parameters of growth
traits during suckling period of Friesian heifer calves In Egypt, and construct
different selection indices to improve their weaning weight under different
strategies especially restriction strategy on increase in W0 to avoid risk of
the dystocial

MATERIALS AND METHODS

Data used for this study obtained through the period from 1994 to 2004 for
body weights at birth, 30, 60 and 90 days of age in Friesian heifer calves
(records of 1024 progeny of 52 sires and 810 dams). Data collected from
Experimental and Researches Unit of Animal Production in Tokh Tanbisha, in
the middle Delta, which belongs to Faculty of Agriculture, Minufiya
University, Egypt. Calves were mainly produced through artificial
insemination {imported frozen semen of Friesian sires) rather than by natural
service. The management and rearing of these calves were described by
Ghoneim et al., (2006)

The genetic parameters were estimated by derivative free REML with a
simplex aigorithm using the Multiple Trait Derivative Free Restricted
Maximum Likelihood (MTDFREML) programs of Boldman et al. (1995).

The animal model in matrix notation was:

Y=Xb+Zate

Where: Y= the vector of observations (W0, W30, W60 and WW); b= the
vector of fixed effects (i.e. parity, year, season of birth); a = the vector of
random additive genetic direct effects; X and Z=Known incidence matnces
relating observations to the respective; e= vector of residual effects (0, o).

Selection Index Program (Wagenaar et al.,, 1995) and Matlab program
{(Matlab, 2002) were used to set up and construct the selection indices. The
four traits studied were used in different combinations to construct 19
selection indices. The selection index obtained by solving the following
equation:

I=bP,+b,B+-bP =" biPi

Where: [ = selection index, bi = index weights for each trait in the index;
= phenotypic measurement for each trait in the index,
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The general index was obtained by solving the following equations given

in matrix expression according to Cunningham (1969):
Pb = Gv to give b=pP"' Gy

Where: P = Phenotyple variances (cov.) matrix; G = Genetic variances
(cov.) matrix; v = Economic weights column vector; b = Weighting factors
column vector.

The reduced selection index can be developed by omitting one or more
traits from the original index. In relation to the original index the efficiency of
the new index, the reduced ohe, is expected to be decreased depending on
the value of the omitted trait in the original index.

The general idea of the restricted index is to keep a particular trait from
changing genetically, and permit optimum genetic gains in other traits in the
index from generation to generation of selection. According to Cunningham
et al. (1970) for each completely restriction {i.e. zero change) of a particular
trait a dummy variable was added to the general index; a row and column
were added to the original P matrix to get P*, the row consists of genotypic
co-variances of the other variables with the trait being restricted to zero
change, the column is the transpose of the row and the diagonal element is
zero. A row of zeros was added to the original G matrix to get G* matrix and
zero economic value attaches to every restricted trait. The weighting factors
(b*) of completely restricted index could be obtained by solving the following
equation: b = P’ Gv

Furthermore, according to Cunningham (1969}, the other different
properties of the selection index were calculated as followlng:

The standard deviation of the index = oi = Vb'Pb
The standard deviation of the aggregate genotype = ot = WW'Gv
The correlation between the index and the aggregate genotype = R= oilot

The expected genetic change {AG) for each trait, after one generation of
selection on the index (i = 1} was obtained by soiving either of the following
equations (Van der Werf and Goddard, 2003):  AGi= (i b’ Gl)/sl.

Where: i = Selection differentiai in phenotypic standard deviation units; ol
= Standard deviation of the index; Gi = the i column of the G matrix.

The four traits studied were used in combinations to construct 19
selection indexes grouped under two strategies based on (W0, W30, W60,
and WW) as follow: Strategy 1: General and reduced indices (zero%
restriction on increase in W0). Strategy 2: Restriction indices on increase in
WO via different degrees of restrictions (25%, 50% and 75% as partially
restriction indices and 100% restriction on increase in W0 as completely
restriction index).

The economic values {v) were calculated as 1/op, where: op is phenotypic
standard deviation of each trait (Sharma 1982; Sharma and Basu 1986 and
Cameron 1997) as shown in table 1. The Selection criterion and the selection
objectives are the sama.
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RESULTS AND DISCUSSION

Table (1) shows the means of W0, W30, W60 and WW which are 32.04,
40.94, 51.86 and 81.98 kg, respectively. The W0 average of Friesian heifer
calves obtained in the study is not so far from 32.81 kg (Gaffer et al., 2005),
but lower than 38.6, 37.8 and 39.2 kg (Akayezu et al, 1994; Bar-Peled et al.,
1997 and Baumgard et al, 2002), respectively. The present study shows
average of WW is lower than 97.24 kg at 105 days of age (Gaffer et al,, 2005)
and higher than 75.83 kg at 90 days of age (Abdel-Glil and Elbanna, 2001).
The WW average of heifer calves is lower than that renorted by Gaffer ef af.
(2005) who reported 94.97 kg at 105 days of age and greater than 73.89 kg
that reported by Abdel-Glil and Elbanna (2001). The coefficient of phenotypic
variability decreased with advancing of age from birth to weaning (Table 1).

Table 1: Means, standard deviation (SD), coefficient of variability {CV) and
economic values (V) for growth related traits in Friesian heifer

calves.

Body weight at: Ne of records | Mean, kg | SD, kg CV, % Vv, 1/op
Birth (W0) 1204 32.04 4.380 13.87 0.228
30 day (W30) 775 40.94 4.370 10.69 0.229
60 day (W80) 775 51.86 6.870 13.26 0.145
20 day (WW) 1204 81.98 4.679 05.71 0.214

Estimates of heritability (h’}) as well as genetic correlations (rc) and
phenotypic correlations {rp} among different body weight traits are presented
in Table (2). Heritability estimates for body weights at birth, 30, 60 and 90
days of age were 0.16, 0.37, 0.34 and 0.18, respectively. These estimates are
moderate and in agreement with those estimates obtained by Oudah and EI-
Awady (2006) (0.24 and 0.28) for birth weight and weaning weight in Friesian
calves, respectively, Oudah and Mehrez {2000) (0.24 and 0.27), El-Awady
(2004) (0.28 and 0.24) for W0 and WW in Friesian calves, resp., and Cucco ef
al. (2009) (0.23) for birth weight in Braunvieh cattle. According to the present
moderate h’ estimates, it could be concluded that the genetic improvement
of WW can be achieved through selection. Oudah and El-Awady (2006) came
to the same conciusion on Friesian calves.

Tahle 2: Heritability estimates (diagonal), genetic (below) and phenotypic
(above) correlations among growth related traits in Friesian heifer

calves.
Body weight at; wo w30 WBD | WW |
Birth  (WO) 0.16 0.92 0.56 081 |
30 day (W30) 0.83 0.37 0.63 0.60
60 day (W60) 0.21 0.22 0.34 0.45
| 90 day (WW) 0.26 0.54 0.84 0.18
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Significantly estimates of genetic correlations (rg) and phenotypic
correlations (rp} among previous traits were positive in general except
between W0 and W60 (Table 2). Abdel-Glil and El-Banna {2001} arrived to the
same conclusion. Similarly, Abdel-Moez (1996) and El-Awady (2003) reported
that there were positive genetic and phenotypic correlations between birth
weight and weaning weight. El-Awady {2003) using another set of data of
Friesian calves, found that genetic and phenotypic correlation between birth
and weaning weights were 0.49 and 0.56, respeclively.

WW was significantly and positively correlated with all traits under study
imply that the W0 could be increased as a result of selection for the heavier
WW (rg =0.26, table 2; 0.65, Shemeis et al., 2006; 0.60, Bourdon and Brinks,
1982 and 0.50, Koots ef al., 1994).

General, reduced, partially and completely restricted selection indices are
shown in Table (3). The general index is considered as the main index due to
its properties, whereas this index is contained all traits under selection
program without any reducing or restrictions. Furthermore, the general index
is used as a standard efficlent index to determine the relative efficiencies of
the other types of selection indices.

Nineteen sefection indices were constructed divided according two
strategies; first, strategy one included fifteen indices, and second, strategy
two included four restricted indices {Table 3). The original selection index (4}
which included W0, W30, W60 and WW was suggested to be used for
improving weaning weight at 90 days of age in case of zero% of restriction.

The comparisons of the various selection indices indicate that the general
index (§;) which incorporated W0, W30, W60 and WW is the most efficient
(Rn=0.765) and it is recommended for improving weaning weight (WW) in
Friesian heifer calves in Egypt in case of populations that have already not
reached optimal W0

The least accuracy; first, in strategy one, [Ry; =0.241 (i;2), 0.378 (I;5), 0.380
(ls) and 0.385 (1,4} would result especially from sub indices in present study;
second, in restriction indices, [Ry =0.662 (l,5)] revealed that the R, values of
restriction indices under study were high. Indices (); ; anq ) 9ave high (Ry)
and (RE) values comparing with general index (1,).

The positive relationship was found between WO and WW (Table 2).
MacNeil et al, (1998) showed that It is necessary to select against the
increase of WO due to it is positive relationship with dystocia. So that the
authors suggest using restricted strategy (partially or completely restriction
on increase in W0)

Strategy two include four indices, the best restricted indices were lig 754
restriction on Wo)s 117 (50% restriction on wa). It cOuld be suggested using lyg ;755 restriction on
woy 117 (50% restriction on woy tO improve weaning weight in Friesian heifer calves
under restriction strategy. In case of populations that have already reached
optimal W0, we suggest using completely restriction index (lis (100% restriction on
wo)) to get zero genetic gaib in WO.
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Table 3: Weighting factors {b-values), standard deviation (i), efficiencies of
selection in absolutes (R;,) and relative values (RE) in indices used
to improve body weight at weaning in Friesian heifer calves.

S?‘i_le dc:ixon Selection criterion b alues I

; Wo | W30 | w80 | ww oi Rin J_RE

General Index
Iy WO | W30 | W60 | WW | -0.431 | 0.479 | 0.019 | 0.096 1 1.136 | 0.765 | 190
Reduced Indices
I, WO | W30 | W60 | -— | -0.380 0.490“.020 - 1.074 | 0.723 | 0.95
Iy WO | W30 |~ | WW [ 0.441  0.502 - 0.087 | 1.130 ; 0.761 | 0.99
I, 0 | = W60 | WW | -0.023 - 0.074 | 0.108 | 0.728 | 0.490 | 0.64
ls ! — W30 | WEo | Ww - 0.126 | 0.041 | 0.047 | 0.836 | 0.563 | 0.74
ls I vn HE.L‘ — | —- | -0.390 | 0.514 - - 1.067 | 0.719 | 0.94
b wo |~ mo ] — |ooes| - |oo7s| - | ose7 | 0402 | 0.3
lq WO | - | ~ ! WW 0.016 - - 0.113 | 0.564 | 0.380 0.5;
14 —- | W30 | W60 | -—— - 0.154 | 0.040 - 0.815 | 0.549 0.75
L IFT — | W30 [ — | WY - 0.157 - 0.045 | 0.800 | 0.539 | 0.70
| 11 - — | WE0 | WW - - 0.071 | 0.098 | 0.724 | 0.488 Lﬂ.ﬁd-
Sub Indices
Y1z W0 - | — | — | 0.088 - - - 0.356 | 0,241 | 0.32
Iy — W30 | —— | — - 0.183 - - 0779 | 0.525 | 0.69
| — ) o= | WE0 | -— - - 0.086 - 0.571 | 0.385 | 0.50
LR e | | WW - - - 0120 | 0.561 | 0,378 | 0.48
Restricted indices (I 25w, 117 50w, hia- 75%, 115 100% )

g (2s%) WO | W30 | W60 | Ww | -0.368 | 0.299 | 0.067 | 0.122 | 1.016 | 0.684 | 0.89
bz isoe WO | W30 ; weo | Ww | -0.378 | 0.329 | 0.059 | 0.117 | 1.037 | 0.698 | 0.91 _
ba grey WO | W30 | W60 | Ww | -0.386 ; 0.351 | 0.053 | 0.114 | 1.051 | 0.708 | 0.93
$15. (100%} Wo | wWao | Weo LWW -0.352 | 0.254 ; 0.079 | 0.128 | 0.983 | 0.662 ; 0.87

The expected genetic change per generation (EG) in each trait assuming
the selection intensity of 1.00 is given in Table (4). The expected genetic
change per generation (EG); first, in strategy one, ranged between -0.099 to
0.880 kg for WO, 0.338 to 1.870 kg for W30, -0.336 to 2,548 kg for W60 and
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0.205 to 1.309 kg for WW, second, in restriction indices, ranged between zero
to 0.280 kg for WO, 0.943 to 1.288 kg for W30, 2.730 to 3.137kg for W60 and
1.387 to 1.461 kg for WW.

The expected genetic gain after one generation through the general index
(11) will be {1) increase in W0 by 0.604 kg, (2) increase in W30 by 1.694 kg, (3)
increase in W60 by 2.274kg, {4) increase in WW by 1.309 kg. This index is
simple and easy to construct, therefore, its use is recommended for selection
for weaning weight in Friesian heifer calves in case of no restriction on
increase in W0,

Table 4. Expected genetic changes per generation in body weights (kg) when
using indices to improve body weiglrt at weaningi’ = 1.0).

Sei:_le:;:?n Selection criterion Expected genetic changes
;] wo | wso | weo W
General Index
Iy | wo [ w30 | weo | ww | o604 | 1684 | 2274 | 1.309
Reduced indices

|, Wo W30 W60 ——— 0.730 1.788 1797 1.108
I, Wo wa3o — wWwy 0.680 1.764 2.087 1.254 |

1y Wo —— W60 wWw -0.008 0.527 2,548 1.217

lg —— W30 W60 ww (.547 1.286 1.453 0.964

Is W0 w30 — e 0.817 1.870 1.581 1.044

ty WO —— Ws0 e 0.031 0.573 1.842 0.897
s WO | o | —— | WW | 0241 | 0664 | 1.265 0.809 |
Is e W30 Weo — 0.640 1.382 1.178 0.851 J

l 1o ——ne w30 — ww 0.783 1.480 0.310 0.772
I E—— ———n Weo WwW -0.021 0.598 2.362 1.166 B
Sub indices l

Iz wo —— e ———— 0.665 0.923 -0.336 0.205

[ — W30 — — 0.880 1.580 0.527 0.657

f1a ———— - We0 ——-e -0.205 0.338 2.285 0.979

s — —— ——— 0178 0.601 1.395 0.843

Restricted Indices {15 2%, l17-50%, Ma- 755, ho. 100% )

f1;-(zs%: wo W30 Weo ww 0.135 1.109 2938 1424 B

by g0y wo W30 wso0 ww 0.221 1.215 2814 1.402

l1g- r) wo W30 W80 ww 0.280 1.288 2.730 1.387

l1s. g100%) W0 | WD ) WwWe0 ww 0.000 0.943 3.137 1.461
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CONCLUSION

It could be suggested using (1, 1;, 1, and 15) to improve weaning weight in
Friesian heifer caives under strategy one and using bz ;7sy, restriction on waoy, 117 (50%
restriction on woy UNder restriction strategy in case of population that have already
not reached optimal WO but In case of population that have already reached
optimal WO, the authors suggest using completely restriction index (lig (100%
restriction on wo)} t0 get Zero genetic gain in WO0.
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