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Introduction.

In a paper at the EAAP-conference in Prague Lindhé and Philipsson (1995) presented actual estimates of
the genetic correlations between yield on one side and daughter fertility and disease resistance on the other
tor the Swedish dairy breeds SRB (Swedish Red and White} and SLB (Swedish Black and White). The
effects on the estimated genetic gain on production as well as non-production traits were illustrated when
zero genetic correlations were used instead of the “true” negative comelations. Generally, the estimated
genatic gain was highly overestimated if zero genetic correlations were used. This was mostly pronounced
for SLB with the most untavourable correlations. Non production traits were more affected than yield. The
effects on the weights {b-values) of the part indexes inciuded were rather small.

In an other study Philipsson et al. (1994) illustrated that the relative genetic gains in yield and non yield traits
were affecled by the size of the progeny group. Pedersen and Christensen {1993) and Christensen (1994)
have shown that the the design of the breeding plan has an effect on the relative genetic gain in different
traits or groups of traits.

In conventional breeding programs for dairy cattle the proportion of young bull inseminations is a parameter
which varies considerably between countries. In the Nordic countries the average level is relatively high and
varies from about 30% in Denmark to 55% in Finland (Lindhé, 1985). in some countries the proportion of the
cows inseminated with semen from young bulls is below 10%. Given the level of young bull inseminations,
the available testing capacity can be used to test either many bulls with small daughter groups or fewer bulls
with large daughter groups.

In the present paper the efiects of diferent levels of young bull inseminations on the estimated genetic gain
in yield and health and fertility traits are ilustrated. Within each level the effect of varying number of tested
bulls is shown.

The present paper also covers the effects of using heifers as bull dams in breeding schemes which are
conventional in all other respecits.

Methods used.

The breeding goal defined and ali parameters in the index used for selection were the same as for the SRB-
breed presented in the paper by Lindhé and Philipsson (1995). The traits and the parameters in the index
are summarized in tables 1 and 2. For alt traits the genetic standard deviation was standardized at s,=7. In
table 5 Protein yield was the sole variate recorded bul the traits in the breeding goal and their economic
weights remained unchanged.

The Al-breeding plan was assumed to fit a population of 700 000 recorded cows in Al (corresponding to the
total number of recorded red cows in the Nordic countries). The traditional formula by Rendel and Robertson
(1850) was used to calculate the genetic gain. Selection differentials were cormrected for the finite number of
selected animals.




Table 1. Traits and economic weights used in the calculation of the selection index.

Breeding goal Abbreviation Economic weight
Traits per unit of subindex
Protein yield Prot 1
Daughter fertility Dfert 30
Mastitis resistance Mast .30
Resistance Other diseases Other A5
Other abbreviations:

SS = the path sire to son.

SD = the path sire to daughter.

DS = the path dam to son.

DD = the path dam to daughter.

n = number of daughters in the progeny group.
PYBS = Proportion af young bull inseminations.
NYB = number of young bulis tested per year.
NSD = number of sires of cows.

Tablo 2. Heritabilities (diagonal, double underlines), genetic (above) and phenotypic correlations (below the
diagonal) for the traits (=the variates) in the index calculations.

Trait/. Prot Diert Mast Other
Variate

Prot 25 -25 -1 -25
Dfert -035 08 o] .30
Mast -009 O b3 .20
Other -022 .05 006 03

In each path the gain in each of the traits was calculated by means of the regression of the part indexes on
the total index. The sum of these gains of the part indexes were divided by the sum of the generation
intervals as the sums of the gains in the total index were. No correction was made for the effect of
inbreeding or of any possible Bulmer effect.

Conventional breeding plans.

In the SS-path 3 sires of bulls were selacted from each annual crop of progeny tested bulls and used for two
years. With these prerequisites generation interval used was 7.2 years. The selection of sires of sons was
based solely on an index calculated with all the traits as observed variates and based on n daughters.

in the SD path selected bulls were used at an average of 75 000 inseminations in each of two years (total
150 000 ). The generation interval used was 7.2 years. In a population of 700 000 cows 1 015 000 females
(cows and heifers) are annually inssminated. With 1.7 inseminations per female and 5% inseminations with
beef semen the total volume of inseminations for young bulls and selected progeny tested bulls amounts o
1639225. The number of selected progeny tested bulls is thus a refiection of the proportion of inseminations
with young bulls. The number of selected progeny tested bulls (NSD) amounts to




NSD=(1-PYBS)*1639225/150000;
The selection of sires of cows was based on the same index as was used for the sires of bulls.

It was assumed that 12 selected bull dams were needed to produce 1 son ready to be introduced as a young
bull. This high number allows more diversity in pedigrees and culling of bulls at one year of age with respect
to conformation, mating behaviour, bull fertility etc. Potential bull dams had sires and grand_snres that at the
time of insemination were progeny tested. This requirement reduced the number of potential bull dams as

PYBS increased.

The bull dams were selected by means of an index comprising information on the protein yield of the cow
itself in the first lactation, the same amount of information of the dam, an index of the sire with n daughters
and an index of the MGS with 1000 daughters. (A buli with a second crop of daughters was assumed to
have 1000 daughters). The generation interval in the DS path was given the value of 4.0 years. lt is thus
assumed that all bult dams had at least one lactation at the birth of their sons and that all first lactation cows
with high pedigree indexes were mated to selected bull sires which aliows the ones with high performance in
the first lactation to be selected as bull dams by the time the second calf is born. It was assumed that on an
average 10 inseminations in recorded herds were needed to produce one tested daughter out of young bulls.

Thus
NYB = PYBS*1639225/(10"n);

Proportion selected in the DD path amounted to 0.9. The generation interval in this path was calculated at
4.3 years.

Heifers as bull dams.

In table 6 the results are given for breeding plans at different PYBS-levels with n = 100. These breeding

plans are identical with the ones used in table 3 and 4 with the following exceptions:

1. The number of potential bull dams was reduced by a factor of 0.75. (= The ratio of number of inseminated
heifers to number of cows in the first and second lactation).

2. The generation interval in the path DS was set at 2.2 years.

3. The potential bull dams (heifers) were selected by means of a pedigree index comprising the protein yield
of the dam and indexes of the sires and MGS based on n daughters.

Results.
Conventional breeding plans.

In table 3 DG in total merit index units and the number of young bulls tested per year are given for breeding
plans where PYBS varies from 0.1 to 0.7 and n ( the size of the daughter group) varies from 50 to 300.

The figures in table 3 confirm the early studies in Al-breeding plans (Skjervold and Langholz, 1964, Lindhé,
1968) that the optimum curves are very flat. The maximum point for DG is at a PYBS-level of 0.7 with 574
young bulls tested per year with 200 daughters each. However, 96% of that level or DG = 1.90 can be
reached at a PYBS-level of 0.3 and with 492 bulls tested with 100 daughters each.

In table 4 the annual gain in Protein yield, Daughter fertility and resistance against Mastitis and Other
diseases expressed in units of subindexes is given for the same alternative breeding plans as presented in
table 3.

The highest levels for protein yield in each row (level of n) coincide with the highest levels for total DG in
table 3. However in each column, which represent the PYBS-levels, the highest levels for protein yield are
found at lower values of n {higher up in the table) than the highest levels for DG in table 3.




Table 3. DG in total merit and NYB for breeding plans where PYBS varies from 0.1 1o 0.7 and n varies from
Sg;ho 30|O. The highest DG:s in each row are underiined. Bold is used to indicate the highest DG in
each column.

PYBS
n 0.1 0.3 0.4 05 0.7
50 DGtotal 1.74 1.84 1.86 1.86 1.83
NYB 228 984 1311 1638 2295
75 DGtotal 1.76 1.89 1.91 192 1.80
NYB 219 656 874 1093 1530
100 DGtotal 1.76 1.90 1.93 194 1.93
NYB 164 492 656 820 1147
200 DGtotal 1.71 1.90 194 1.96 197
NYB 82 246 328 410 574
300 DGtotal 1.65 1.87 1.91 194 197
NYB 55 164 219 273 382

For Daugher fertility and resistance against Mastitis and Other diseases the highest values are found at the
highest PYBS-level for all levels of n. For all PYBS-levels the highest values are jound at the highest levels
of n. When 30% of the cows are inseminated with young bulls the annual change in Diert is -0.11 at a
daughter group size of 50 but +0.06 at a daughter group size of 300. The size of the daughter group is by far
the most important variable affecting the absolute and relative gain in non yield traits with negative genetic
correlations with yield and with the economic weights given.

In table 5 indexes are used where Protein yield is the only vartiate recorded. The number of fraits in the
breeding goal are kept unchanged as well as the genetic corvelations (the c-matrix is kept unchanged) and
the economic weights.

When DGtotal in table 3 is compared with DG in Protein yield in table 5 it is obvious that the level of DG in
Protein yield in table 5 is higher as selection is for yield alone. However, i the value of the deterioration in
Dfert, Mast and Other is included, then the reverse is true. The conclusion is obvious. If the non yield traits
have significant economic value and are negatively associated with yield they should be included in the
index.




Table 4. Annual gain in index-units for Protein yield, Daughter fertility and resistance against.Mastitis and
Other diseasas for the same breeding altematives as in table 3. The highest values in each row is
underiined. Bold is used to indicate the highest vaiues in each column.

PYBS
n 0.1 0.3 0.4 0.5 0.7
50 Prot 1.79 1.89 1.91 191 1.87
Dfert -0.11 -0.11 -0.11 -0.10 -0.09
Mast 0.04 0.05 0.05 0.05 0.05
Other 022 -0.22 -0.22 -0.22 021
75 Prot 1.78 1.90 1.92 1.93 1.91
Dfert -0.06 -0.06 -0.05 -0.05 0.04
Mast 0.09 0.10 0.10 0.10 0.10
Other -0.17 -0.18 -0.18 -0.18 017
100 Prot 1.76 1.89 1.92 193 1.91
Diert -0.03 -0.02 -0.02 -0.02 -0.01
Mast 0.12 0.13 0.14 0.14 014
Other -0.14 -0.15 -0.15 -0.14 014
200 Prot 1.66 1.83 1.87 1.89 1.89
Dfert 0.02 004 004 0.05 0.06
Mast 0.19 0.22 0.22 0.23 0.24
Other -0.08 -0.08 -0.08 -0.07 007
300 Prot 1.59 1.78 1.82 1.85 1.86
Dfert 0.04 0.06 0.07 0.07 0.08
Mast 0.21 0.25 0.26 0.27 0.28
Other -0.05 -0.05 -0.04 -0.04 £.03

The most striking effect of including Diert, Mast and Other in a total merit indox is seen when the genetic
changes in these part indexes in table 4 and 5 are compared. If they are included as in table 4 improvements
can be seen in many combinations, especially when large daughter groups are used. If they are neglected
as in table 5 severe deteriorations are unevitable.




Table 5. Effects of selection, DG in index units, when Protein yield is the only variate recorded.

PYBS
n 0.1 0.3 0.4 0.5 0.7
50 Prot 192 203 2.05 2,05 2.01
Dfert 048 051  -0.51 £0.51 -0.50
Mast 019 020 -0.20 0.20 -0.20
Other 048 051  -0.51 0.51 -0.50
DGtotal 1.64 1.74 1.75 1,76 1.72
75 Prot 1.92 2.06 2.08 209 2.07
Dfert 048 051  -052 -0.52 052
Mast 019 -021  -0.21 -0.21 -0.21
Other 048  -051  -052 -0.52 -0.52
DGtotal 1.65 1.76 1.78 179 177
100 Prot 1.91 2.06 2.09 210 2.09
Die rt .048  -0.51 0.52 0.53 -0.52
Mast 019  -0.21 0.21 -0.21 0.21
Other 048  -0.51 0.52 -0.53 0.52
DGtotal 1.63 1.77 179 1,80 1.79
200 Prot 183 202 2.06 2.08 2.09
Dfert .046  -051  -051 0.52 -0.52
Mast Q18 020 -0.21 -0.21 0.21
Other 046  -051  -0.51 052 052
DGiotal 157 173 1.77 1.79 179
300 Prot 175  1.98 2.02 2.05 207
Diert 044 049 -0.51 -0.51 -0.52
Mast 018  -0.20 -0.20 -0.20 -0.21
Other 044 049 -0.51 -0.51 -0.52
DGitotal 1.50 1.69 1.73 176 178




Conventional breeding plans, heifers as bull dams.

In table 6 the effects of using heifers as bull dams is illustrated. In the alternative chosen the buli dams are
selected solely on a pedigree index including one lactation of the dam and the progeny test results of the sire
and the MGS with n daughters. The details in the procedures used are presented in page 4.

With the prerequisites chosen heifers as bull dams give a higher DG than altematives with "conventional®
bulldamsprwitr:q;fonnaﬁonon1 lactation.Asmeingexbymeansofwhmmebulldamsared\osanhas
more information from the sire and the MGS in relative terms the gain in the non yield traits is higher (or the
deterioration is lower) when young bull dams are used. it should be stressed _ihat this condusuon_ is
dependent on the prerequisites chosen. Careful performance recording of potential bult dams may give
reverse results.

Table 6. Annual genetic gain in DG and in the part indexes with heifers as bull dams at different PYBS-levels
with n = 100 compared with “conventional® rather young bull dams as in table 3 and 4.

PYBS

n a1 0.3 04 0.5 0.7

Heifers as bull dams.

100 DGtiotal 1.80 1.7 2.01 2.03 2.03
Prot 1.78 1.95 1.98 200 2.00
Diert -0.002 0.003 0.005 0.006 0.009
Mast 0.14 0.15 0.16 0.16 Q.16
Other 013 -0.13 -0.14 -0.14 -0.13

Conventional buil dams (from tables 3 and 4).

100 DGtotal 1.76 1.90 1.93 194 1.93
Prot 1.76 1.89 1.92 1.93 1.91
Dfert -0.03 -0.02 -0.02 -0.02 -0.008
Mast 0.12 0.13 0.14 0.14 Q.14
Other -0.14 -0.15 -0.15 -0.14 0.14

One of the components in the MOET idea is short generation intervals in the DS path. Table 6 shows that
the short generation intervals per se do not prevent consideration of the non yield traits. On the contrary, in
connection with progeny testing the short generation intervals can even strengthen the position of the non
yield traits. The decisive factor is progeny testing or not. I all indexes are based on records on individual
cows, no gain can be expected in non yield traits

Summary.

Conventional breeding plans based on selection on an index comprising yield, health and fertility traits give
the same general pattem with flat optimum curves as selection plans based on selection for yield. The
maximum points at each level of young bull inseminations are found at somewhat lower values of the size of
the daughter group when only yield is considered but the differences are small.




The proportion of young bull inseminations has a small offect on the absolute and relative gain in non yield
traits. However, the highest PYBS-levels give the highest gains (or the least deteriorations) in non yield
traits. The size of the daughter group is by far the most important factor affecting the gains in non yield traits.
At a PYBS-level of 0.3 the annual genetic change in the sub-index for Daughter fertility is -0.11 at a daughter
group size of 50 but +0.06 when 300 daughters are tested per bull. At the same pPYBS-level the annual gain
in Mastitis index is 0.05 and 0.25 respectively when n = 50 and 300.

Selection for yield alone is accompanied by a severe deterioration in the non yield traits. 1 the value of this
deterioration is considered selection for yield alone resultsina total merit change inferior fo the one achieved
with a total merit index.

Young bull dams per se does not mean that the gain in non yield trails is retarded. Ih heilers are selected as
buli dams by means of a pedigree index including the indexes of sire and the matemal grandsire the gain
in the non yield traits can even be improved in comparison with conventional bull dam selection. However,
careful performance recording of potential bull dams in the first lactation may give reverse results.
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