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ABSTRACT

The present study was carried out during the years 1990 to 1993 at
the Experimental Farm of the Animal Production Department, Ministry of
Agricuiture. It included 352 normal first lactation records of buffaloes of the
herd of Mahallet Mousa Farm.

The propose of the investigation was to estimate genetic parameters
and selection indices for some economic traits of Egyptian buffaloes.
Results obtained may be summarized as the followings:
- Genetic and phenotic correlations were negative and significant (P < 0.05)
except the genetic and phenotypic correlations between fat percentage and
protein percentage.
- Single trait selection for 305 day milk yield (dMY) resulted in an expected
increase of 34.58, 5.44 and 2.35 as a percentage of the overall mean of 302
dMY, F% and P%, respectively. Selection of F% compared with selection
for 305 dMY resulted —~28.16, -2.23 and 2.35% of 305 dMY, F% and P%,
while selection for protein percentage resulted in ~42.08, -5.43 and 2.36%
of 305 dMY, F% and P%. Therefore, selection for 305 dMY is more
economic than selection for F% and P%.
- Four indices of selection for improving productive traits of buffaloes were
constructed involving all combinations of two or three traits studied.
- The selection index (I;) which incorporated 305 dMY, F% and P% was the
best (RIH = 0.63 and RE = 100%). This index was recommended for
Egyptian buffaloes if the selection exercised at the end of the first lactation.
The suggested index was I; = 1.599 (305 dMY) - 6.788 (F%) + 274.632
(P%). The expected genetic changes in one generation through this index
will be: increase in 305 dMY by 128.87 kg, 0.14% of F% and 0.04% of
P%. This index 1s very simple and early to construct. ‘

INTRODUCTION
Buffalo is considered the main dairy animal in Egypt. Numbers of
Egyptian buffaloes and their production of milk and meat represented by
FAO report (1990) for Egypt compared to those of the world indicate that
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the contribution of the Egyptian buffaloes in milk and meat in the world is
relatively considerable, i.e. about 5% and 14% of the world buffaloes milk
and meat, respectively. Hazel (1943) recommended that, selection of
indexes is the best method for multiple trait selection under farm
circ..mstances.

The income for milk to dairymen in any countries depends mostly on
the quantity of milk and its contents of fat and/or protein (Dommerholt and
Wilmink 1986). Selection for parameters such as herrtability of milk yield
and its contents of fat and protein and various correlations among there
traits are useful in estimating genetic progress and in planning breeding
programs.

The main objectives of the present study were to estimate the genetic
and phenotypic parameters of 305 day milk yield (dMY), fat and protein
percentage in the first lactation of Egyptian buffaloes and evaluate and
compare results of single and multiple yield traits in selection for 305 dMY,
fat and protein percentages.

MATERIAL AND METHODS

Data

A total 352 normal first lactation records of buffaloes of the herd of
Mahallet Mousa Farm, the experimental farm of the Animal Production
Department, Ministry of Agriculture. This farm is Jocated in Kafr el-Sheikh,
province of the Delta, during the period from 1990 to 1993.
Genetic correlation

The genetic correlation (r,) between two traits (x and y) was
computed as: '

Feg = Cov,/ (st(x) * GZS(_V))
where: Cov; is the sire components of covariance between traits x and y
o%se and G5y are the sire components of the variance for the
traits x and y.

The standard error of the genetic correlation was estimated as
follows:
S.E.r;= (1-r)*(S.E.h% * S.EN,) / (2 by, * i)

Phenotvpic correlations
Phenotypic correlation (1) between two traits x and y was:
rp = (Covs + Cove)/ (G7s@ * Osr) (S’eqn * ©egy)
where: Covs and Cov, are the components of covariance between x and y
traits
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o’sixy and o’eg, are the components of variance of the trait x
o’sy) and GYeq, are the components of variance of the trait y.

The standard error of the phenotypic correlations (S.E. r;) was
calculated by the formula ngen by Harvey (1987):
SErp=(-r)/(n-2)

Selection
Single trait selection
According to Falconer (1981) expected direct and correlated
responses to selection for one trait were estimated as:
R=il’s, and CR=ihhyr,op
Where: R the direct response in selection for x trait
h? the heritability estimate of x trait
cp the standard deviation of phenotypic values
CR the correlated response to sguare roots of heritability estimates
of trait x and trait y, respectively.
1y the genetic correlation between the two traits
Opy the standard deviation of genotypic values of trait y.
The expected genetic change in generation trait was set to 1.0 for only the
COMPpArison purposes.

Selection index

The selection index procedure condenses the available information into
a single score or index which can be used for ranking animals. Selection
index has been used in different situations such as:

1- Selection of individual for a single trait,

2- Selection on individual for several traits records on animals

themselves only, and
3- Selection of lines or lines crosses.

Estimates of the relative economic values

Required information:

1- The economic weights (ai, a2, ......., &) for each traits. hese
economic weights are based on the value in terms of the price date
and net profit.

2- The genetic and phenotypic variance: VA and VP for every trait
considered in the selection index.

3- The genetic and phenotypic covariance: Cov. A and Cov. P between

each pair of traits.
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Construction of selection indexes

The principle of selection by means of an index as developed by
tazel (1943) was followed in deriving the different indexes used in the
present study. Some modifications of this method was suggested by
Henderson (1963). Four indices for improvement of productive traits of
Egyptian buffaloes (involving all combinations of two and three traits
studied) were constructed using the general computer program cited by
Cunningham (1977).

The aggregate breeding value (H) of the index is:

X=X aiZi
where:  g; genotype value of trait
a; net economic value of traits i.
In matrix notation, the index can be expected as:
I=% b,‘X,‘

where X; phenotypic value of trait I

I number of traits in the index

b; regression coefficient for X.
The information required in constructing a cow genetic index were specified
in the following four vectors and three matrices:
y: a vector of additive genetic values for i yield traits included in the
aggregate value
a: a vector of constants representing the relative economic values of vield
traits, assuming the relative economic values of milk : fat as 1 : 13 based on
prices values for milk and milk butter fat cited from Dairy Facts and Figures
(1986). According to Dommerholt and Wilmink (1986), protein value is
almost the same as that of fat. Hence, the relative economic values for yields
of milk, fat and protein were set to be I : 13 : 13, Several authors have
concluded that the efficiency of an index is not very sensitive to changes in
the economic weights. In this respect, Vandepitt and Hazel (1977} showed
comparatively large changes (e.g. by a factor of 2) in economic weights
many have small ¢ffects on selection efficiency. Moreover, it is possible that
a certain degree of variation in relative economic weights mitk not change
expected selection response very much (Lin and Allaire 1978).
X : a vector of phenotypic measures for the n variables or sources
information to be included in the index (i.e., milk, fat and protein).
b : a vector of weighting factors to be used in the index (i.e, partial
regression coefficients).
p : a squared matrix of phenotypic variances covariances of three variables
in J™ variates.
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G : a matrix of genotypic covariances between the n variables in J* variates
and the it trait in y.
C ; a squared matrix of genotypic variance covariances of y traits.

The partial regression coefficients (b’s) were computed as:

: B=p"' Ga
where p’! is the inverse of p (in matrix)

The correlation of the calculated index with the total aggregate
genotype (R1H) was estimated as:

RIH =b’ Ga/a Ga.

The expected genetic change (DG) in any trait is the product of the
standard deviation of the index (ox) muitiplied by the intensity of selection
(I) and regression of each trait on the index (bYI), i.e. DG = (o, )(1)(bY1)
according to Cunningham (1970).

RESULTS AND DISCUSSION

Correlations

Genetic correlations (1) and phenotypic correlations (r,) between
different traits studied for all traits are given in Table 1. Most estimates of
(ry) were similar to the corresponding estimates of (1p) in directions and
were higher in magnitudes. This agree with Ragab et al. (1984) using
another herd of Egyptian buffaloes and Singh et al. (1982) using Murrah
buffaloes. This reflects the importance of environment and management
factors and selection indexes with respect to productive and fertility traits.

Table 1. Estimates of heritability (on diagonal), phenotypic (above diagonal)
and genetic (below diagonal) correlation traits*.

Traits 305 dMY, kg | F% P%
305 dMY, kg | 0.39(0.15) | -0.12 -0.08
Fat (F)% -0.56 (0.48) | 0.03(0.05) | 031
Protein (P)% | -0.82 (0.90) | 0.05 0.02 (0.03)

*Standard errors of estimates are given in parentheses.

Phenotypic correlations (r,) -

Estimates of phenotypic correlation (r;) between different traits
studied are given in Table 1. The phenotypic correlations between 305 day
milk yield (dMY) and percentage traits (fat and protein percentage) fairly
low and having negative sign
(-0.12 and —0.08, respectively). These results were similar to other workers
(e.g. Singh et al. 1982 in Murrah buffaloes, Vankov and Peava 1982 in
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Bulgarian and Murrah buffaloes). While other investigators disagree with
the results obtained in the present study (e.g. Soliman et al. 1989 and
H.ned and Soliman 1994 in Pinzguar and Fleckvieh cattles).

Positive estimate (0.31) of phenotypic correlation between fat percentage
and protein percentage was found (Table 1). The present study is in close
agreement with that reported by Ragab et al. (1984) in Egyptian buffaloes,
Meinert et al. (1989) and Chauhan and Hayes (1991} in different breeds of
dairy animals in different countries.

Genetic correlation

Estimates of genetic correlation {rg) between different traits studied
are given in Table 1. The genetic correlations between 305 dMY and
percentage of (fat and protein percentages) were negative ~0.56 and —0.82,
respectively (Table 1). These correlations are in close agreement with those
by Singh et al. (1982) in Murrah buffaloes, Meinert (1989) Santus et al.
(1993) and Campos et al. (1994) in different dairy cattle breeds in different
countries. While Hamed and Soliman (1994) working on Fleckvich cows
found that the rybetween 305 dMY and fat percentage was positive 0.02,

Estimates of genetic correlation (rg) between fat percentage and
protein percentage was positive and 0.31 (Table 1). The present study is in
close agreement with estimates that reported by Ragab et al. (1984) in
Egyptian buffaloes, Meyer (1985), Cue et al. (1987), Meinert et al. (1989)
Chauhan and Hayes (1991), Santus et al. (1993) and Campos et al. (1994) in
different dairy cattle breeds in different countries.

Selection index

The phenotypic and genetic variances and covariances given in
Table 2 are used to estimate the response to selection for one trait in one
generation of buffalo selection. The selection intensity is set to 1.00 for only
the purpose of comparative study of different traits under the present study.
Expected direct and correlated responses are given in Table 3. These
estimates are used to asses the relative effect of direct and indirect selection
alternatives. Direct selection on a single traits resvited in higher advances in
the designed direction in all traits studied except for protein percentage.
Using a percentage fat or protein in 305 dMY as a criterion of selection
resulted in a poor estimate of genetic improvement in the yield traits (Table
3) due to tha small value of genetic correlation between the percentage traits
and 305 dMY.
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Table 2. Phenotypic and genetic components of variance (on diagonal) and
covariances (above and below diagonal) for first lactation milk traits of

Egyptian buffaloes.
Traits Phenotypic components Genetic components
A M . F P M F P
Milk (M) | 273077 90.5541  -18.4219 107128 45.0442 -2.8303
Fat (F) | 905541 2.2029 0.17455 | 45.0442 0.0613 0.1939
Protein -18.4219  0.17455 0.1821 -2.8303 0.1939 0. 0034

Table 3. Expected direct (diagonal) and correlated response (off diagonal)
from one generation of selection of Egyptian buffaloes for single traits*.

Traits Milk, kg Fat% Protein%
Milk, kg 522.56 0.276 -0.093
Fat% 97.07 0.163 0.0020
Protein% -113.37 0.007 0.030

* Selection intensity equal 1.00

Responses per generation expressed as percentages of the overall
means were given in Table 3. Selection for 305 dMY resulted in an increase
of 522.26 kg, 0.276% of milk and fat percentage and decrease —0.093% of
protein percentage, respectively. Response per generation expressed as
percentage of the overall means were 34.58, 5.44 and -2.35%, respectively.
Selection for fat percentage compared with selection for 305 dMY, resulted
in -28.16, -2.23, 2.35% of 305 dMY, fat percentage and protein percentage,
respectively as calculated from Table 3. Selection for protein percentage
resulted in —42.08, -543 and 2.36% for 305 dMY, fat percentage and
protein percentage, respectively. Such procedure will lead to a decrease in
generation interval and consequently increasing genetic gain per year.
Therefore, selection for 305 dMY is more economic than selection for other
traits. Similarly, Ashmawy and Khalil (1990) reported that selection for
milk yield alone is more economic than selection for fat or for protein. Also,
Dejager and Kennedy (1987) indicated that selection for any yield trait
would trend to increase yields of other traits.

Multi-trait selection

For multi-trait selection, the following selection indices (Table 4)
were constructed:

1= 1.599 X, — 6.788 X, + 274.632 X,

I, =158723, +18.692 X,
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I;=1588 X; +265342 X;
14 = 1526 Xz - 0375 X3

Wre o X; 305 MY, kg

X, fat percentage

X3 protein percentage

The design of the construction was so drawn that an one side there

was an index (I original index) with all the three varieties (i.e, 305 dMY,
Fo and P%) which was assumed to be 100% efficient ir tie cenetic sense
and used for improving aggregate genotype of the three traits and on the
other side one or two varieties were dropped to select aggrezare enotype.

Table 4. Selection indices (I's) for different traits of Egvptizn bufialoes,
expected genetic change per generation (EG), in each trait, correlation of
index with aggregate genotypic {RIH) and the efficiencies (RE: of diiferent
indices relative to the original index (I,).

|1 305 dMY, kg F% P% RiH | RE%
| | b EG | b EG b EG I
i, | 1.599 128.87 |-6.788 0.14| 274632 004 | 063 , 100

ly| 1.572  81.84 [18.692 0.10| - - 0.601 95 ]
I;| 1.588 2750 | - - | 265342 0035{ 054 | 94 |
Li - - | 1,526 0.0 |-0375  0.0004 | 0.001 | 0.00002 |

Index coefficients (b’s)

The index coefficients (b’s) are shown in Table (4). These partial
regression coefficients indicate that relative emphasis each trait should
receive to maximize profitable genetic response and they are nearly
similarly to those obtained by Khattab and Sultan (1991) and Hamed and
Soliman (1994). Values of 305 dMY were greater than those of other
varieties in different indices. This may be attributed to negative and high
genetic correlations between this trait and others (Table 1} which appeared
in all indices. Also, a trait of high h* for 305 dMY in the index will have a
high index weight.

Trait expected gain (EG)

The expected genetic gain (EG) in any trait achieved by the index is
the genetic standard deviation for the trait multiplied by the correlation
coefficient of the index and the genetic value for such trait, assuming
selection intensity of one as mentioned before. The genetic improvement
(EG) ranged between 27.50 and 128.87 for 305 dMY, between 0.1 and 0.14
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for F% and between —~0.004 and 0.04 for P% (Table 4), with the range being
101.37 kg for milk, 0.04 for F% and 0.0404 for P%. A large differences 1s
noticed for, milk yield, therefore it could be stated that considerablie genetic
improvement for buffalo productivity might be achieved througi: selection
for milk vield Asker et al. (1966) working on two herds of Egvptian
buffaloes, estimated that the genetic improvement for 305 dMY were 159
and 255 pound/year at Sakha and Sids farm respectively. El-Borgy (1986)
waorking on 1838 records of Egyptian buffaloes, reported that the 1mtiai milk
vield or 305 dMY can be used as a basis for early selection merit is quickly
as select:on on total milk yield. Gokhale and Nagarcenkar (1981 vorking
on Murrah buffaloes, showed that efficiency of selection on iieid in 3
months or S months was 1- and 6% more than selection on yie:d i rotal
lactation and selection on the basis of 120-170 days lactations vere also
more effoent than selection on total milk yield. It is considered that part of
iastaviorn. s oe used profitability to determine culling policy. In sddision,
Singh et al. (1987) working on Murrah buffaloes, reported that annuai
genetic trend for milk yield, 300 day milk yield, age at first calving, service
period and body weight at first calving were 58.18 kg, 71.68 kg, 1.95 d, 0.04
mo., 6.39 d and 10.21 kg, respectively. In cattle, Khalil and Soliman (i589)
working on Biraunvieh cattle, found that expected genetic gain for milk
vield ranged from 414 and 424 kg. Ashmawy and Khalil (1990) working on
British Friesian cattle, estimated the expected genetic gain per generation
for milk yield ranged from 157.6 and 194.2 kg. Khattab and Sultan (1991)
constructed several selection indexes, reported that the expected genetic
gain per generation ranged from 88 to 235 kg for 305 dMY, from 21 to 27 d
for LP and from —0.36 to ~1.96 mo. For AFC.

The maximum genetic improvement in milk yield was achieved,
Table 4. The expected genetic gain in 305 dMY increased by 128 87
kg/generation, F% increased by 0.14% and P% increased by 0.04% (7Table
4}, Selection indexes not included protein percentage (dropped P%, ie. I2)
increased 305 dMY 81.84 kg and increase F% from 0.10%. Selection
indexes not included F% (dropped F%, i.e. I3) increased 305 dMY 27.5 kg
and P% increased by 0.035%. While selection indexes not included 305
dMY (dropped 305 dMY, i.e. 1) increased F% by 0.1% and decreased P%
by —0.0004. Ashmawy and Khalil (1990} showed that genetic improvement
ranged between 157.6 and 194.2 kg for milk, between 5.1 and 6.6 kg for fat
and between 4.5 and 4.9 kg for protein. A relatively large differences is
noticed for milk yield (36.6 kg of milk Vs 1.5 of fat and Vs 0.4 kg of
protein). The same authors concluded that the first index (I;) which included
all the variables result in slight increase in the value of the genetic gain cver
12 and 13 and relatively high increase compared with 14 or 15 [149 (1) +
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6.6 (13) + 4.4 (14) = 293.3]. Correlations coefficients of indexes with total
genotypes were around 0.5. However, the lowest in accuracy.

Index accuracy (RIH)

The accuracy of an index is based on its correlation with the 1atal
aggregate genotype (RIH) where the genetic from use of an index is directly
proportional to RIH. The correlations for different indices are ranged from
0.001 to 0.63 (Table 4). Indexes not including protein percentage (1)
showed less in accuracy 0.60. Including 305 dMY and fat percentage (I,)
was the highest in accuracy (0.60) and it was superior to the original index
(11} which incorporated all the three traits and assumed to be 100% efficient.
In addition, other indexes included protein percentage (I, and 13) are high in
accuracy being, .54 and 0.63, respectively. Then the selection index [,
incorporating 305 dMY, F% and P%. is the best index and the expected
genetic change in one generation through this index will be: (1) increase in
305 dMY by 128.87 kg (2) increase in F% and P% by 0.14 and 0.04,

‘respectively. This index is very simple and easy to construct, therefore, this
index was recommend for Egyptian buffaloes if the selection was exercised
at the end of the first lactation.

In addition, figures of relative efficiency (RE) given in Table 4 show
that the first index had the highest efficiency (100%). Adding fat percentage
in the index 1, the accuracy as demonstrated by I, the accuracy of index
decrease by 5%. Also, addition protein percentage in the index I3 decreased
by 6%. In this respect, Smith (1967) stated that the main factors controlling
the efficienc cy of index selection are largely determined by the values of the
factors of h", the product of the economic weight (per standard deviation)
and the hentability of each trait, i.e., if one trait dominates the index (for
instance milk yield here in), the efficiency will of the other traits, but will be
sensitive to the loss or reversal (to negative values) or weights for the
originally important trait.

Finally, more research work in this respect is needed by using a new
method of techniques and large herds. Considerable genetic improvement
for yield traits of buffaloes might be achieved through multiple-trait
selection based on reduced index including milk yield with either of fat
percentage and protein percentage.
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