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SUMMARY

Cow transmitting abilities (CTA) were estimated by
three different methods for 6018 Fleckvieh cows. A total
of 16042 lactation records extracted from 53040 records
were used for this evaluation. All cows whose had at
least two records up to five were used. Records of
305-day lactation involving yields of milk (MY), fat
(FY), protein (PY), fat-plus-protein (FPY) and carrier
(CY) were used. The evaluation methods included best
linear unbiased prediction (BLUP), selection index for
MY (811), selection index for CY (SI2) and most probable
producing ability (MPPA). Criteria for judging the
merits of different methods of cow evaluation involved
the Product-moment correlation (rpy), Spearman rank
correlation (rg) and Kendall rank correlation (rg). To
assess 'the accuracy of different methods of cow
evaluatfon, the standard error (SE) of each method was
calculated along with the percentage of reduction in
standard error (RSE) due to using one method instead of
another. The last criterion for judging the difference
between methods is the sum of square of difference
between methods (SSD).

For all milk traits, the largest differences in
estimates of CTA were recorded by MPPA and the lowest
differences by the selection index (8I). The differences
in estimates of CTA using SI1 (for milk) and 512 (for
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carrier) were nearly the same. Therefore, both indices
have the same trend in the evaluation of cows. The dif
ferences in estimates of CTA for BLUP were much larger
than those for 8I. Among all methods of cow evaluation,
BLUP recorded the lowest percentages of cows with
negative estimates of CTA followed by SI and MPPA for
all milk traits. The estimates recorded by BLUP, SI1
andfor 8I2 and MPPA respectively were 52.0, 52.7 and
53.5% for MY; 50.9, 52.0, 50.3 and 52.0% for FY; 47.8,
48.8, 48.6 and 49.4% for PY; 51.5, 51.7, 51.7 and 52.2%
for-FPY and 51.1, 52.5 and 53.3% for CY. In judging the
merit of cow evaluation methods, estimates of r,, between
the two types of SI were near to unity, while r,, between
SI and MPPA were greatly lower (0.50-0.627). Estimates
of rPM between BLUP and SI (0.664-0.720) were less than
estimates between BLUP and MPPA (0.588 to 0.813). With
regard to accuracy of each method, BLUP across all milk
traits had the lowest estimates of SE followed by SI and
MPPA in a descending order. For all traits, percentages
of RSE from using BLUP instead of MPPA were also large
and ranged from 57.7 to 65.1%, while they ranged from
38.9 to 55.8% from using BLUP instead of any one of the
two types of SI. Estimates of SSD between BLUP and both
types of SI were smaller than those between BLUP and
MPPA, i.e. accuracy of SI was nearer to BLUP than MPPA.

Keywords: Fleckvieh, methods of evaluation, milk traits

INTRODUCTION

For making genetic progress in dairy cattle for any
breeding objective, identifying of elite cows and
superior sires to be propagated (through their use in
artificial insemination, AI) is essential. Developments
in sire and cow evaluation in the last two decades were
reviewed briefly by Freeman (1988). Comparison of
different methods of cow evaluation in real life data is
always a troublesome task. Criteria to define the best
method are not uniform from one research report to
another (Hargrove et al., 1974). In practice, the most
important features of <the methods used for cow
evaluation are the reliability in ranking of evaluated
cows. If the ranking appeared to be the same, it might
be concluded that the differences between the methods
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were small enough to be neglected.

The objectives of present study were: (1) to evaluate
the genetic merit of Fleckvieh cows for the same milk
traits of all available lactations using different
methods of cow evaluation, (2) to gquantify the
differences between these methods, and (3) to detect
which method is the hest under our data set structure.
Special emphasis of cow evaluation was paid for data
collected for short periods (i.e. less than five years).

MATERIALS AND METHODS

Data

Data on performance of 305-day lactation of Fleckvieh
cattle were obtained from Official Test Federation of
Bustrian Cattle Breeders (ZAR}) in lower Austria.
Detailed descriptions of these data have been presented
by Hartmann et al. (1992). Records were begun between
1977 and 1982. Lacration records involving yields of
milk (MY), fat (FY), protein (PY}, fat-plus-protein
(FPY) and carrier (CY) were used. All normal records of
less than 305 day wmilk along with those reaching 305
days were included.

Methods and Models

Cow transmitting abilities (CTA) were estimated for
6018 cowe who had at least two records and up to five.
A total of 16042 lactation records extracted from 53040
records were used for such cow evaluation.'EstlmatES of
heritability of all lactations and variance components
given by Afifi et al., (1994) were used. In the present
study, three methods of cow evaluation described below
were used.

Most Probable Producing Ability (MPPA)

Records of cow across lactations were used for
estimating MPPA. The method of MPPA can be computed
under the assumptions: (1) lactations have multivariate
normal distribution, (2) variances among lactations
within cows are egual, and (3) no correlation exists
between cow effects within sires. Data were analysed
using the following mixed model:

Yijkmn™ B+ S * €y + YS§ + B+ Dy ey vex (1)
where Y. 2¥X-305 milk record expressed as a deviation

ijklmn™

from herd average, W= the overall mean, S;= the random
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1
nested within the random effect of ith sire, Ys, = the

fixed effect of kth year-season combination (k=16}), A=

the fixed effect of lth age at calwving (in terms of
three-month intervals starting from <24 month, till 77
menth), Dm= the fixed effect of mwmth days open
(subclasses starting from <45 days as a first subclass
and an interval of 30 days thereafter) and € jkmn- the
random error (O, 0_). Using different sets of correction
factors of age at calving and days open derived from
polynomial regression coefficients, records of all
lactations of the cow were adjusted for these
non-genetic effects. Herd and year-season adjusted
records were used for estimating the MPPA for each
trait. Then the following equation (Carter et al., 1963)
was used:

MEPR = [AL/(I4En=1YE] ] (e ~ $ab s esvin (2)
where n= the number of cow records, t= repeatability
estimate, |i.= the average performance of cow records, and
Bp= the population average.

effect of ith sire, Cij= the random effect of jth cow

Selection Index (SI)
Herd-adjusted data of the first lactation were
analyzed to derive the estimates of genetic and
phenotypic variance-covariance matrices whose elements
were needed to construct the selection index. The
following model was used:
P+ & + ¥+ SE, E(YSE) @ ¥ Pl (X1 —X1
+ bl (Xlxwt Klk}2 b2 (X2 =X2,) +
b2 (xzukt—xz ) il e (3)

REFTY

where sz the fixed effect of the jth year of calving,
SE,= the fixed effect of the kth season of calving,
(YSE) ;.= the effect of the interaction between year and
season, bl & bly= the partial linear and quadratic
regression coefficients of yield trait on age at
calving, XIIWL: the age of cow at calving in months for
the corresponding Yrﬁt record, xl#= the mean of age @t
calving, b2 & b2;= the partial linear and quadratic
regression coefficients of yield trait on period of days
open, X2IM1- the length of days open for the
corresponding Y1kl’ x2#= the mean of days open, and the
remaining symbcls were described in the previcus model
(1). Traits considered for constructing a cow genetic
index were 305-day vyields of milk (MY) or carrier (CY)},
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fat (FY), protein (PY) and fat-plus-protein as a
composite trait (FPY). Theory and procedures for
construction of the selection index were described by
Cunningham and Mahon (1977). A series of indices (SI's)
were constructed toc maximize the gain in a specific
trait and not the aggregate genotype. Indices to improve
MY are called SI1, while indices to improve CY are
called SI2. Each index was used to select for just one

trait (as a criterion of selection). The partial
regression coefficients for indices (b’'s) were computed
ags b=P G where P = the inverse of phenotypic

variance-covariance matrix, and G= genotypic covariance
matrix.

Best Linear Unbiased Predictor (BLUP) procedure
Data of all lactations were used for estimating BLUP.
One set of crossclassified non-interacting random effect
(cow) is absorbed (Harvey, 1990). In this procedure,
BLUP estimates for random cow effects absorbed by
maximum likelihood were obtained. The following model
(in matrix notation) was used:
o= RB o+ 'Te € 0 wid s sedo (4)
where B= a column vector of the fixed effects (sires,
year-season, age at calving and days ocpen), T is n x p
matrix, ¢ is the vector of size p representing the
unknown cow random effect, and all other symbols were
previously described. A matrix with dimension of 62 x 62
was used. Representing this model by matrix notation
could be as follows:
XX 2YT i X'y
= S -]
T'X THTHIK C pead sy
where k. = 0 e[oi and solution to ¢ is called BLUP of cC.

Evaluation and accuracy of methods

The correlations between the three methods of cow
evaluation are used as the first criterion for judging
the merits of these mwethods. The product-moment
correlation (rpy) is a measure to calculate the
correlation among estimates of cow merit.

Spearman’s rank-order correlation coefficient (rg) is
a parametric measure to calculate the correlation among
ranks of the cow. For the Spearman rank correlation, the
data are first ranked. The Spearman correlation was then
computed among ranks (SAS Procedure Guide, 1988).
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Kendall’s correlation (r ) is a measure calculated from
concordances and discordances (SAS Procedure Guide,
1988). Concordance is measured’ by determining whether
values of paired observation ({e&.g. BLUP, S8I and MPPA)
vary together (in concord) or differently {in discord).

The criteria for judging the wmerits of different
methods of cow evaluation are the correlations between
these methods such as Product-moment correlation,
Spearman-rank correlation and Kendall-rank correlation
(Bar grove et al. 1974; panell and Eriksson, 1982; Kemp
et al., 1984; et al., 1%87; Vig and Tiwana, 1988;
Tajahi and Rai, 1990). Another criterion useful and
helpful in judging the merits of alternatives of cow
evaluation methods is the standard error (SE)} of each
method. Such estimate was used by many investigators as
a measure of accuracy of the evaluation method
(Henderson, 1974; Ufford et al., 1979; Jensen, 1980;
Kumar and MNarian, 1980; Eriksson and Danell, 1984;
Raheja, 1992). Sums of square of difference (55D)
petween the chosen (ideal) and the octher methods were
also calculated (Kemp et al., 1984).

RESULTS AND DISCUSSION

Estimates of cow transmitting ability (CTA)

The minimum and maximum estimates of cow transmitting
abilities (CTA) estimated by the three methods (BLUP, ST
and MPPA) are presented 1in Table 1. Szkotnicki et al
(1978) found that differences in estimates of CTA for MY
were 116 and 173 Kg for Brown Swiss and Canadian cattle,
respectively. The differences for FY were 5.0 and 8.6 Kg
for the same two breeds. Hintz et al. (1978) reported
higher differences in CTA for MY where they were 757,
520, 580, 487 and %07 Kg for Ayrshire, Guersey,
Holstein, Jersey and Brown Swiss, respectively. . The
differences between minimum and maximum values of CTA
for different methods are also illustrated in Table 1.
For all milk traits, the largest differences in CTA
estimates were recorded by MPPA and the lowest
differences were presented by SI (Table 1ys The
differences in CTA using SI1 (for milk) and 812 (for
carrier) were nearly the same (Table 1). Therefore, both
indices have the same trend in the evaluation of cows.

The differences in CTA for BLUP were often larger than
those for SI (Table 1). This may bhe due to that all
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available records of the cow were used in BLUP, while SI
used only the first record of the cow. Van Der Werf et
al. (1989) reported that &8I wvalues are underestimated
since young cows are compared with selected older cows.
As expected, the differences between CTA estimated by
MPPA were much larger than those estimated by SI
(Table 1). These large differences don’'t introduce a
good tool for having the correct culling decision since
these large differences may be due to disadvantages in
this method; like assuming that the genetic correlation
among lactations egual unity {(Maijala and Hanna, 1975;
strandberg, 1985).

Table 1. Minimum and maximum values for cow trang-
mitting abilities (CTA) estimated by Best
Linear Unbiased Predictor (BLUP)., Selection
Index for milk (SIl), Selection Index for
carrier (s8I2), and Most Probable Producing
Ability (MPPA).

Tralit+ Minimum Maximum Difference
MY
BLUP -992 1561 2553
SI1 =793 867 1660
MPPA -1584 2121 3705
FY
BLUP =52 &5 217
511 -38 45 83
Bt =3 40 T3
MPPA =6 82 - 145
PY
BLUP -42 49 91
s11 -24 31 55
SI12 -24 A 55
MPPA -48 : 53 101
FPY
BLUP = 118 217
SI11 -58 : 80 138
512 =58 80 138
MPPAR -116 136 252
5304
BLUP -994 1490 2484
S12 -733 797 1530
MPPL -1665 2037 3702

+ Number of cows evaluated were 6018.
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Table (2). Percentages of negative estimates of cow
transmitting ability (CTA) in different
methods of cow evaluation

Trait BLUP R SI12 MPPA
MY 52l 52.7 a 53.5
FY 50.9 528 50.3 52,0
i 4 47.8 48.8 48.6 49.4
rPY 51.5 5w 57 B2
CY 51.1 a 5245 533

a SI1 is the index to select for MY, while SI2 to select
for CY.

Bmong all cows, BLUP recorded the lowest percentages
of cows having negative estimates of CTA followed by SI
and MPPA for all milk traits {(Table 2}.

Distribution of absolute differences of CIA

Absolute differences (in Kg) distributed as
percentages in different methods of cow evaluation are
presented in Table 3. One method of improving the
production of a dairy herd is to cull the low producers
of the 25-30% of the cows (O'Bleness and Van vieck,
1962; carter et al., 1963). Accordingly, percentage of
culling of cows depending on their CTA mainly include
the inferior 25-30% cf cows (Table 3). Comparing SI
relative to BLUP, we found that this percent will cull
those cows having CTA < 100 Kg for MY or CY {Table 3).
When using MPPA as a method for estimating CTA and
comparing their estimates with those estimates of BLUP,
we found that percent of culling (25-30%) will include
those cows having CTA greater than 100 Kg £ill 200 Kg
for MY or CY. Using CTA estimates of FY, PY and FPY as
a criteria for culling decision, the appropriate culling
percent (25-30%) will include those cows having CTA
equal to zero and those having 10 Kg or less in
comparison of SI1 vs BLUP or SI2 vs BLUP or MPPA vs BLUP
(Table 3). For FPY trait, the appropriate culling
percent will include those cows having 10 Kg or less in
comparison of SI1 vs BLUP and SI2 vs BLUP but it will
include those cows having 20 Kg or less in comparison of
MPPA vs BLUP.
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Criteria for judging merits of methods

For all milk traits, the product-moment correlations
(rmﬂ between all combinations of two methods of BLUP, SI
and MPPA were greater than 0.50 (Table 4). Estimates of
rPM between two types of SI were near to unity. These
figures fairly demonstrate the closeness between both
two types of SI. Consequently, any type cf SI may be
effective in the evaluation of cows using only the first
cow record. The product-moment correlations between SI
and MPPA were considerably lower than those estimates
between any two types of combination {Table 4). The
estimates ranged from 0.50 to 0.627. This means lack of
agreement between SI and MPPA. It may also indicate that
the largest differences in ranks of cows were between
these two methods of evaluation. Schaeffer et al. {1982)
reported that rg, between BLUP and CcC for CTA of MY and
FY were 0.88 and 0.65, respectively. Van Der Werf et al.
(1989) reported that rPM between animal model (AM) and
SI were very high (0.98).

Table 3. Distribution of absolute difference (%) among
estimates of CTA calculated by SI1, SI2 and
MPPA relative to BLUF

Trait Absolute BLUP ws SI1 BLUP vs S12 BLUP vs MPPA
difference(Kg)

>300 264.6 a 33.6
>200-300 TR a 24.2
MY >100-200 25.9 a 28.3
>0-100 32.0 a 13.9
=0 0.3 a 0.0
>20 5.8 6.1 6.7
FY >10-20 23.4 24.4 44.3
>0-10 66.8 65.8 48.1
=0 4.0 3L T 0.9
>20 il gt 4.3
pY »10-20 2.0, 12.5 36.28
>0-10 80.2 80.6 59.4
=0 6.2 5.8 0.02
=30 2.1 B.8 9.8
>20-30 15.3 16.3 30.3
FRY »>10-20 29.1 32.3 36.3
>0-10 44 .3 40.8 23.3
=0 2.2 1.8 0.3
>300 a 26.5 31.0
>200-300 a 18.3 30.7
CcY >100-200 a 24.7 27.7
>0-100 & 30.4 10.5
=0 a 0.1 .11

a S11 i the index to select fur MY, while SI2 to select for CY.
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Estimates of r,, between BLUP and SI were less than
between BLUP and MPPA (Table 4). The estimates ranged
from 0.664 to 0.720 for BLUP vs SI1 or 512, while they
ranged from 0.588 to 0.813 for BLUP vs MPPA. The lower
correlation between BLUP and SI may be due to the fact
that SI constructed here included less information than
BLUP (first lactation only for the former methed vs all
lactations for the later method). Consequently, young
cows could be compared with those selected older ones
(Van Der Werf et al., 1989). The latter authors added
that BLUP showed an advantage over SI accounting for
bias from selection for sequential records of the cows.
Considering the other two types of correlation (rg and
ry), the same trend was observed with the decrease of
their estimates (Table 4¢). Standard error (SE) and sum
of square of difference (SSD) between methods.

Table 4. Product-moment correlations (rpy) Spearman’s
rank correlations (rg) and Kendall's correla-
tions (ry) among methods of cow evaluation for
different milk traits.

Methods correlateds+

Trait BLUP&SIT BLUF&SIZ2 BLUPEMPPA S11&5812 SI1EMPPA S128MPPA
Tem
MY 0.70%9 a 0.813 a 0.6M11 a
FY 0.706 0.705 0.804 0.997 0.593 0.593
PY 0.664 0.664 0.588 0.997 0.502 0.500
FPY 0.7 0.701 0.779 1.000 0.574 0.574
cY a 0.720 0.786 a a 0.627
Ty
MY 0.700 a 0.791 a 0.588 a
FY 0.684 0,684 0.771 0.997 0.566 0.566
PY 0.637 0.637 0.538 0.996 0.478 0.475
FPY 0.683 0.683 0.743 1.000 0.554 0.554
cY a 0.709 0.762 a a 0.600
Tk
MY 0.514 a 0.604 a 0.415 a
FY 0.514 0.514 0.5%94 0.974 0.410 0.410
PY 0.480 0.480 0.403 0,979 0.346 0.345
FPY 0.508 0.508 0.563 1.000 0.398 0.3%8
cy a 0.522 0.575 a a 0.428

+ Standerd errors for all estimates were leass than of
0.0001.

a SI1 is the index to select for MY, while 5I2 to
select for CY.
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With the clear disagreement among the three methods
(BLUP, SI and MPPA) as compared by the three types of
correlations of r,,, rg and ry {(Table 4), there would be
other different bases for detecting which method is more
accurate and which is more preferable over others. The
other criteria to assess the accuracy of different
methods of cow evaluation are the standard error (SE) of
each method and the percentage of reduction in stan dard
error (RSE) due to using one method instead of another.
Estimates of these criteria of cow evaluation are
presented in Table 5.

Table 5. The standard error of each method of cow
evaluation for different milk traits

Method MY EY BY FRY cY
BLUP 228 Bt 0,07 0.1 2.10
STl 4.60 LI .12 0.32 a
sS12 a 0.18 0.12 3 4.75
MPER 6.08 0.26 0.18 0.43 5.0

a SI1 is the index to select for MY, while SI2 to
select for CY.

Across all milk traits, BLUP had the lowest SE
estimates, while MPPA had the largest estimates and SI
was in between (Table 5). Bias owing to the genetic
trend and the limited amount of information used in
construction of SI may be the main causes for increasing
SE of S5I when compared with BLUP (Scrensen et al.,
1988). When using BLUP, Ufford et al. (1979) reported
that records additiconal to the first lactation would be
expected ,to contribute more accuracy. Within-herd
evaluation of cows, Schaeffer et al. (1982) reported
that using BLUP is more accurate than traditional CC.
Chyr et al. (1979) reported that BLUP (with or without
A ) were more effective 1in eliminating temporary
environmwental eifects relative to herdmate comparison in
cow evaluation. They added that standard deviation (SD)
ef herdmate comparison was larger than that of BLUP
without 1‘1?&-‘| (1174 wvs 1145). Estany et al. (1988) found
that there was about 6% loss in efficiency due to use of
SI instead of BLUP. However, using REML in estimation of
variance components for BLUP will also increase the
accuracy of estimates of CTA through the reduction of
predicted error variance (Henderson, 1975; Jensen, 1980;
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Carlson et al., 1984; Everett and Keown, 1984; et al.,
1987). The only advantage of SI over the BLUP in cow
evaluation is that, it can be '‘used when the cost of
computation effectively rules out the more sophisticated
BLUP approach of simultaneously estimating the breeding
values of all bulls and cows in the national herd
(Henderson,1975; Dempfle, 1982; Hill and Swanson, 1983).

Percentage of reduction of estimates of SE (RSE) from
using the ideal method instead of alternative ones are
given in Table 6. Across all traits, RSE from using BLUP
instead of MPPA ranged from 57.7 to 65.1% (Table 6),
from 38.9 to 55.8% from using BLUP instead of any one of
the two types of SI, while they ranged from 21.0 to
33.3% from using any type of SI instead of MPPA. The
lowest estimates of RSE were between SI1 and SI2
{(Table 6). In this respect, using SI1 instead of 512
will lead to a reduction in estimates of RSE of 0.0 to
5.6%. This means that both indices are similar and there
were no differences between them in ranking of cows.
Schaeffer et al. (1982) concluded that evaluations of
cows by BLUP are more accurate than traditional contem
porary comparisons.

Table 6. Reduction of percent in standard error (RSE)
gained from using BLUP instead of other methods
and sum of squares of difference (SSD) between
different methods of cow evaluation.

Comparison MY FY PY FPY cY
(i) RSE+
BLUP vs SII 50.9 42.1 1.7 46.9 a
vs 812 a 38.9 1.7 46.9 55.8
vs MPPA 62.8 57.T 6141 60.5 65.1
SI1 wvs SI2 a -5.6 0.0 0.0 a
vs MPPA 24.3 26.9 33.3 25.6 a
SIZ2 vs MPPA ] 30.8 33.3 25.6 21.0
(ii) SSD
BLUP vs SI1 277498979 453949 206467 1327500 a
vs SI2 a 472610 206537 1329120 303874108
vs MPPA 303947115 561763 542120 1784282 332916884
s11  vs SI2 a 6201 954 26210 a
vs MPPA 6077605656 1055520 628005 3187028 a
S12 vs MPPA a 1082979 627085 3196110 595819348

+ Percent of reduction in SE due to using BLUP
instead of SI1; using BLUP instead of SI2; ... etc.

a SI1 constructed to select for MY, while SI2
constructed to select for CY.
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In general, accuracy of $1 was the nearer to BLUP than
MPPA. This trend 1is clear since the sum square of
differences (SSD) between BLUP and both types of SI were
smaller than those between BLUP and MPPA (Table 6).
This trend is more evidenced since S$SD between MPPA and
both types of SI were greater than estimates of SSD
between MPPA and BLUP.

CONCLUSION

For all milk traits, the largest differences in
estimates of cow transmitting ability (CTA) cobtained by
BLUP introduce the possibility of making the correct
culling decision than simple methods (MPPA) do. Using
BLUP procedure in cow evaluation may be more effective
for improvement programmes than using MPPA due to MPPA
having the largest percent of negative CTA estimates,
i.e. using BLUP to select the best cows from those
having positive estimates of CTA is quite possible. This
leads to conclude that using BLUP may be more effective
for improvement programmes than using SI and MPPA. In
between, SI is better than MPPA in percentages of cows
whose having positive CTA values. Using estimates of CTA
to decide the culling percentage of cows leads to state
that both BLUP and SI are coupled in identifying the
inferior cows, while MPPA will include some cows whose
having large CTA in the culling percent. Comparing the
evaluation methods of Fleckvieh cows, in the point of
the percentage of culled cows, we concluded that using
BLUP or SI will lead to cull cows whose having CTA< 100
Kg for MY or CY. In case of using MPPA, the culled cows
will include those cows having CTA greater than 100-200
Kg for MY and CY. Since large differences in ranks of
cow using SI and MPPA were evidenced here, estimates of
rank correlations are not effective, in practice, for
comparison of culling schemes of cows. This could have
a large practical consequence in the usage or culling of
the cows. Correlations obtained here indicate also that
cows were re-ranked when using any method of BLUP or SI
or MPPA. Theoretically, the MPPA is biased due to the
presence of genetic trend and non-random distribution of
sires of herdmates (Chyr et al., 1979; Freeman, 1988).
Also, SI is biased through no accounting for selection
of ancestors, and not accounting simultaneously for
fixed effects (Henderson, 1975; Van Der Werf, 1989).
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Based on results obtained in the population under study,
the continued use of MPPA method is not, therefore,
recommended for evaluation of cows. Ranking these three
methods of cow evaluation on the bases of their
accuracy, BLUP recorded the first, followed by SI and
MPPA in a descending order, i.e. computerized methods
(BLUP and SI) are more preferable than the handy method
(MPPR) .
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