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lr roducllon.

In a pap€t d lho EMP-conlercnce in Pragr.r Lind6 and Philip€son (1995) pr€s€nt€d actlal os{irnates of
lhe gen€lic con€lations b€tw€€n yield on on€ skto and daughter tertility ana dsease resistance on the olher
for lhe Swedish dairy breeds SRB (Sredish R€d and Whit€) and SLB (fuedish Blad( and fMrile). Th€
etfecis on lhe estirnat€d gen€tic gain on Fo&ction as well as noGprodrc-tion taits wero illus{rded wtsr
z€ro genotc conelalions were used inst€ad ot lhe '1ru6' negativs co.rehtions. Generally, lhe estirmtsd
g€n€lic gain was highv overestimaled it zero g€n€lic oonsl€rtio.rg were used. This was mastry p@nound
for SLB with the most unlavourable conelalions. l,lon FodJclim faits rere rnore effected lhan yi€ld. Tho
€tfec-ts on t|e w€ights (brnlr.,€s) of the part ind€xes indud€d wgr€ rath€r stne|l

In an olher sludy Philipsson et al. (1994) illustrded that lho r€lative gen€tic gains in yieH and non yieH tra'rts
were dfec{ed by the size of the Fogeny group. P€derssn and Christenson (1993) and Christensen (199{)
have shown hal th€ the design ol the keeding plan has an etfect on tte r€laliv€ gene[c gnin in dtte.€nl
baits or groups o, trails.

In conver ional breeding p.ograrns lor dairy catUe lhe proportion of young bull ins€minatbns is a param€tsr
whi{$ vati€s consid€rably b€tween countri€s ln thg },lordc countrbs lhe averagp level is reldively high and
varies lrom about 30o/. in Denmark to 55% in Finland (Undr6, 1995). In some countries the propoition of tn
cours inseminaled with semen fmm young bulls is below 1()96. Giiwn the levC of young bull irisemindbns,
th€ at/ailabl€ testing capacity can be us€d lo test either rnany bulls with srmll daughter groups or feuor bu s
wilh large daughter groups.

In the Ptesent Paper the ett€cls ol dfler€nl levels of yo.rng bull inseminations on lh€ estimat€d genetic gah
in yield and health and lertility taits are iltusfated. Within eacfr lsvel ths etlecl ol varying number ot USed
bulls is shown.

Ths prssgnt pap€r also covers lhs etfecls of using heiters as bull darns in breedng sd€m€s srhich are
conventional in all oth€r respects.

Methods used.

The breedng goal detin€d and all param€t€ts in he index used for selec{ion w€re lhe sarne as lor the SR8|.
breed presenled in lhe paper by Undh6 and Philipsson (1995). The fails and the parameterc in lhe index
are surtmarized in tablss 1 and 2. For all taiF |he genelic standard doviation was standadizd at s.-7. In
table 5 Prolein yi€ld sras the sole variate recorded bul tre traitrs in the brceding goal and their €conomic
weighis remained unchanged.

The Al-btesding plan was assumed to lil a population of 7OO OOO recorded oolre in Al (conssponding to lhe
lotal number of r€cord€d red cows in the Nordic countries), Th6 fadltonal formuh by nenOet anO noOerSon
(1950) wss used to calculate the genelic gain. Sel€ction dtferentials were con€c.t€d tor lhe finite number of
selgct€d animals.



Tabl€ 1, Traits and €conomic u/eights used in th€ calqllatbn ot the s€loction ind€x'

Abbreviation -conomic weight
Breeding goal
Traits

por unit ol sutindex

Protein yield
Daughter lertiltty
Maslitis rssislance
Resistance Olher d'ls€as€s

Prot
Dt€rt
Mast
O|her

.30
.30
.15

Olh€r abbrevialions:
SS - the path sire to son.
SD - the Path siro to daugl er.

DS - tho palh dam to son.
DD - the path dam to daughlet'
n - numb€r ol daught€rs h lho Ptogeny group'

PYBS - Propottion ot young bull ins€minalims'
NYB - nufiib€] ol young buls lested Per year'

NSD - numb€r ol sires ol co*s'

Tab|€2.F|edtabiftties(d8gona|,doub|€under|ines),gsn€tic(abova)a''dPh€not/pficcofre|diorrs(b€|owt'o'-- -jf,l;t ilii.;d" ('th€ vatial€s) in the index calculEtions'

TraiU.
Vaftrle

Prot Masl Other

Prot
E}|e.l
Mast
Other

-.a -.10 -.25

fl i':S.015 .006 ,!l

&,
-.035
-.009
-.t2

|nga.hpath|hagainineactrotthgtraitswascalcu|at€dbymeansoltheregressiono||hepa'lindexesdi
lh€ total ind€x. The sum ol ihes€ gains ol tt9.ryrt'td"]T T* dvid€d 

-by 
the sum ol th€ opn€rdiotl

intervals as lhe sums of ne gains in he total index wefe. G conec{ion w€s madg for lhe ell€c'l ol

inbr€€dng or ol arry Possible Bulmer etfect

Convenllonal br€edlng Phns'

|ntheS,gpa|h3si'€so|bu|lswgrosel€ct€d|'omoacfiannuat-c'opo|progerrytesled-bu]t]s.andus€d|o|two
v€ars. Wth thes€ prorequisit€";;;t-#;; usJlls-zz vears' The seledion of sir€s ol sons was

6ased sotely on an index catortaied with all th€ raits as obseryed narriates and bas€d m n daughlers'

tn the SD pafft sol€ct€d bulls w€rs used at an average 91 
75 OoO inseminations in eacfi ol two years (lotal

150 OOO ). The gen€ration inr"r[i rii-""""?.2 yeai. tn a population ol 7oo ooo covYs 1 015 0oo lemal€s

(cows and hsilers) are annuatry f,;;i;i;. witir r.z ins€minations p€r lernal€ and 5% insemindions wih

ieet sernen the total votume 
"t 

;;ffiil;io. young bulls atd sei,"ea prog€ny tastsd bulls emunts to

ffi;a;:Tr.,; nu,u., or :.'*S#SrJ$"jrl!lUli:,"#:3gn"'lt 
propodx'n ot insemi.rEtims

wift young bulls. The number o



NSD-(1 -PYBSn 63922s/1 5O0OO;

The selection ol sirgs ol cons was basod an the same index as was used for tho sitos ol bulls,

It was assrim€d lhal 12 s€lected bull darns wer€ n€ed€d to produc€ 1 son ready to be intodr.rced as a yorng
bull. Thb high numb€r allo$,s mor6 divorsity in p€dgress end qrlling ol bulls d one y€ar of ag€ witt respeci
to conformaiion, tnaling b€haviour, bull ferlility otc. Potontial bull dams had sires and grandsireB lhat 8t lh€
litn€ ol insemination werc progony tested. This requiremenl reduced the number ol potential bull dams as
PYBS increased.

Tho bull datns were s€l€c-ted by means of an index oompriring inlormdion on lhe prot€in yield of lho @w
its€lt in lhe lirst lactation, lhe same arnount ot i. ormation ot lhe dam, an ind€x of the sire with n daughieG
and an index ol lhe MGS with 1m0 daughtets. (A bull with a sscond crop ot daught€rs was eunied to
have 1000 daughters). The generalkrn inierval h |ho DS pEth was given the vattr d 4.0 yeers. lt b lhus
as$tm€d f|d all bull dams had al lead one ladatim d lhe t*rth of lheir sons end lhd aI first la.ialion cou,s
with high Pedigre€ indexes were mal€d to sel€ct€d bull skes whidr attows tre ones with high performance h
th€ first lactalion to b€ solecled as bull dams by he time the s€cond calt is bom. lt was assum€d that on arl
avsrag€ 10 inseminalions in recorded herds were needed to producs on€ lesied daught€r out of young h.rtls.

Thus
NYB - PYBS'I 639225(1 0.n);

lPpott* sel€c-t€d in tho DO pafft emounted to 0.9. Tho g€neration interval h trb patt was calorlded at
4.3 yeers.

Helfers as bull dams.

In table 6- lhe rosllts are given for breeding plans at dtler€nt PYBglevets with n = 1OO. These breedng
plans aro idsntical urith iho ones us€d in table g and 4 with tho lollowing exc€ptions:
1. Tho numb€r ot potential bull dams was reduc€d by a factor of 0.75. i= The ralio ot numb€r ol inseminded

heir€rs to number of cou,s in lhe firsl and second hctation).
2. The gonoration interval in the path DS was set at Z.Z yeari.
3. Tho Polonlial bull dams (h€it€ts) wor€ selsct€d by m6ans of a peclgre€ index comprising tho prot€in yb6

ot the dam and indexes of the sires and MGS based on n daugirters-.

Results.

Conventlonal breeding plans.

In table 3 DG in total meril ind€x units and lhe number of young bulls lested p€r year are giron for breedng
plans where PYBS varies from 0.1 to 0.7 and n ( the size ol the daught€r group) ,aries ttori sO to gOO.

Tha figures in table 3 conlitm lho early 1tudies in Al-breeding phns (Skjeruold and Lengholz, 1964, Undh6,
1968) lhal on oPlimum qrrves ane very llai. The maximum point tor'oC is at a pyBg6vet it o.z wnn sayoung bulls testod p€, yaar with 2oo daughlers each. Hou€wr, 96% of thd l€vet or oG - 1.9) can tr
reacfnd at a PYB$levd ol 0.3 and wih 492 bulls lesiled wih 1OO daughtorc each.

In lable 4 lh€ ennual gain in Protoin yield, Daughler lertility and rellistance aoainsi Mastitis end oth€r
dis€asos €xprossad in units of subindexes is given lor lhe sam€ altomati\re breeing ptans as prggented h
tabl€ 3.

I? hlS!""t levels for prot€in yield in earfi row (level of n) coirrcirje with the highest bvels lor totat De h
table 3. Hourever in oach column, which represent the PYilglevels, tre highesilevets lor prolein yiekl are
tound at lorv€r values of n (higher up in th€ table) than the high€st lev€ts lor-Dc in table g- '---



Tabl€3.DGintotalmeritandNYBforbreedingphnswhSr:PYBSvarieslrom0'1to0'7and'n'varieslrom
SO to 3OO. Th€ nighesr D6:s-in-;ctr rJw are undertined. eo[E ,""d fo in<Icdo lhe highest DG in

each column'

o.70.50.30.1

PYBS

0.4

50 Dctotal

NYB

1.71

3%

1.84

984

1.86

1311

i.!0

1639

1.&l

2$

75 Dclotal

NYB

1.76

219

1.89

656

1.91

871

1l,2

1093

1.90

1530

1oo Dctotal

NYB

1.76

164

130

492

1.93

656

l.94

8n

1.93

1117

2Oo Dctotal

T,IYB

1.71

82

1.90

26

134

s28

136

/tlO

Lgu

571

300 Dctofal

NYS

1.65

55

1.87

lef

1.91

219

1.94

273

1A7-

3&

[il.H?H*v,#:'ffi aiH,:?rxiffi +3flffi ffi ##H,"fr fffrqifr
i{itr?tr#"Xmn*ffi 

'ffi 
;r*fl;*Hg*n*;r"""xs

;;ffi;'*ith yi€ld and with the €conomicweights giv€n'

In table 5 inderes are used where Protein yieb is tre.'ontv-vadae l€cordd' Th€ number ol' rails h t|e

breedng goa| a'o kePr un--g]i"" i[ii'"!.d.," i.*t" ;,*LT#it..;;matrix is kgpt unchang€d) a'd

|he sconomic wsights'

WhenDGtota|intab|o3lscomPa'€dwithDGin.Protejl4.eld.intable5hisobvkNst'l.h€!9velo|DGh
protein yield in tabl€ s o n'sn"'I;?H'Jn-r ior vura iron"ig** $m.1tg: *ffi
il:} jlH*'g"ffi ,igtr ff i*""gffi'f *5#:'ffi ;;; T'"v'n*ro ue inaui"a in t'e

index.



Tabl€ 4. Annual gain in index-unib lor Prolein yield, Daughter lertility ard r€{iistance aetainsi Mastitis at|d
Other diseases for th€ sam€ br€€ding altomatives as in table 3. The highes{ valuos in eadt row is
underlined. Bold b us€d to indcats lho highest values in oacfi column.

PYBS

o.70.50.40.30.1

50 Prot
Dterl
Masl
Olher

1.79
-o.11
0.04
4.2

1.89
-0.11
0.05
4.2

1.91
-o.11
0.05

4.2,

l.9l
{.10
0.05
4.2,

1.A7
-o.09
0.05
4.21

75 Prol
Dt€rt
Masl
Other

1.78
{.06
0.09
-0.17

1.90
-0.06
0.10
{.18

1.92
-0.05
0.10
-0.18

lt3
-0.05
0.10
-0.18

1.91
-o.(x
o.to
-o.17

100 Prot
Dtert
Masl
Olher

1.76
-0.03
o.'12

-0.14

1.89
-0.02
0.13
-0.15

1.92
4.O2
0.'t4

-0.15

r,g!t
-0.02
0.14

-0.14

1.91

{^41
0J4
{.t4

200 Prot
Dtert
Masi
Oth€r

1 .65
0.c2
0.19
{.08

1.83
0.(N
0.22
-0.08

1.A7
0.(N
o.2

4.08

1.89
0.05
o.23

-0.07

1.89
o.06

LA
-o.07

300 Prot
Drert
Mast
other

1.59
0.(x
0.21
{.05

1.78
0.06
0.25
{,.05

1.42
0.07
0.26

{.04

1.85
0.07
o.27

{.04

L8o
0.08
0.28
{.03

The mosl stikng et €ct of indudng Dt€4 Mas't and other in a total merit index b see.t wh€n lhe genetic
cfunges in lhese parl indexes in table 4 and 5 ars comparod. It they are irdudod as h table 4 imDrov€m€nts
can be !€€n in many combinalions, especially wtren largo daughb groups are us€d. lt they ai negfecred
as in tabl€ 5 sover€ dotedorations are un€vitabl€.



Table5.Etloctsots€lection,DGinindexunlts,s'henProteinybldisth3onvvatbterecorded'

o.70.50.30.1

PYBS

0.4

50 Ptot

Dlert
Masl
Olher

DGtotal

1.92

{^4S
4.lll
{.4!

1 .64

2.O3

-0.51
-0.20
{.51

1 .74

2.05

-0.51
4.20
{.51

1.75

a^05

{.51
.0.20
.{1.51

1J0

2.01

.0.50

.0.20
-0.50

'1.72

75 Proi

Df6tt
Masl
Other

Dctotal

1.92

4rs
4.19sl!

1.65

2.06

-0.51
-o.21
-0.51

I .76

2.08

4.52
4.21
4.52

1.78

2^0s

-o.52
-0.21
-0.52

lJg

2.07

-0.52
4.21
-0.54

'1.77

100 Prot

Dfe n
Mast
Olher

DGtotal

1.91

-0J!
{Jll
43!
1.63

2.06

-0.51
-0.21
-0.51

'1.77

2.09

-0.52
4.21
-0.52

IJg

?.10

-0.53
- 0.21
- 0.53

r.Eo

2.09

{.52
{.21
-o.52

1.79

200 Prot

Dlstt
Mast
Other

Dctotal

1.83

4.40
4.18
-o 45

1.57

2.02

-0.51
-0.20
-0.51

1.73

2.06

{.51
4.21
-o.51

1.77

2.08

-0.52
4.21
4.52

1.79

2^09

-0.54
4.21
-0.54

ll9

300 Prot

Dled
Mast
Othor

Dclotal

1.75

tla
{.19te

1.50

1.98

.o.49

.0.20
-0.49

1.69

2.O2

-0.51
-{t.20
.0.51

1.73

2.6

{.51
-0.20
-0.51

1.76

257-

-0.52
-o.21
-0.52

L7t



Convenlional breedlng plans, hellers as bull dams.

ln table 6 lhe efiects of using h6it€]s as bull dams is illustated. In the altomativ€ ctrosen the bull darns are
selec{ed solely on a pedigree index irdudng on€ lactation o, the dam and the progEny l€st .esults ot lh€ sirs
and the MGS wilh n daught€rs. Th€ d€tails in the procedur€s us€d aro pres€nted in page 4.

With lhe prerequidtes chosen heilers as bull dams give a higtrer DG |han alternativ€s with 'oonwnlbnd'
bull dans with inlonnslion m 1 bcltation. As he index by means ol which |h€ bull &ms are c$o€en has
more it otmdim trom the sire and the MGS in relativo bnns the gEin h the non ykrE fafts is higher (or the
dgterioralion b lorrr€r) wtren yo.rng bull darns ars us€d. lt should uo sresdd t|at t|is cirauslm g
dependeni m lhe Preroquisites cfnsen. Carelul perfonnance rcooding ot potential butt dams may gir€
reverse resulls.

Tabl€ 6' Annual genolic gain in DG and h the part indexes with heit€rs es bull danr3 d dtt€rent pYB$bvela
wilh n - 100 ompared with 'conventionat. rath€r young bult dams as in tablo 3 and 4.

0.70.50.30.1

PYBS

0.4

Heiters as bull dams.

100 Dctotal
Prot
Dteft
Mast
Olher

2.O1
1.98
0.(x)5
0.16

{.14

2.03
2.OO

0.006
0.16

{.14

1.80
1.78

{.002
0.14
-o.13

1.97
1.95
0.003
0.15
-0.13

2.03
2.O0
0.o09
o.16

-0.13

Conventloml bull dams (tfom tables 3 and 4).

1.76

1.76
-o.03
o.12

-0.14

100 Dctolal

Prol
Dt€rt
Mast
Other

1.93

1.91

{oo8
o.14

-o.14

1.90

1.89
-0.02
0.13

-0.15

1.93

1.92
4.@
0.14

-0.15

1.94

1.93
4.O2
0.14

{.14

gns 9f 0le compon€nts in ihe MoET.klea.b short generdion intervals in t|€ DS path. Tablo 6 sr|ou,s Ulat
l" tT g€n€ration intervals p€r_so do nol prev€nt-consid€ration ot tho non viefo lmirs. 

'o" 
t 

" -",r|erv, iTPc-t':Nl wilh prog€ny l€sling. th€ short generatirn intor\rals can even stenglh€n t|e posilion ot the no.lyield traits' The decisive tactor is progeny iesing or not lt att indox€s ar€ bas€d m r€oords on individ,alcows, no gain can be expec-led in non yield traits 
-

Summary.

conv€ntional breeding plans bas€d on sebclion on an index comprising yield, h€alth and l€rlility taitrs givsthe sam€ gsn€rar pattem with flat optimum orry€s es setecrio"'prarG 
,d.&;;;;;'ior 

yiero. nemaximum points at each level of young bull ins€minEtions are tound at sdn€wfiat fo*",-*1r"" li o''e size ofthe daughler grorp wh€n onv yiord is considersd but tre dtterences are srnal.



H"i'mil'"'iyil3,*iffi#i:sr.tri'ffi ffiil#,Tff E'3Hi"X3ilsffi
trails Th€ sizo ot the daugnrer gfrp " 

UV f"* U. tt*i i.port"n'f.Xotieaing the gainsin non vield taits'

AtaPYBelevelolo'3the-annual-#';hc*'t'4eintn"o'u'q'g,ntgt"*fJ;1;.i;^H'$fl
fr um: ** H**.u xs::l,r'ff rs H i*
Se|ection|oryie|daloneisaccodPani€dbyasevergdejqiorlimh|h€nonybldt'aits.||.|hevahro||his
deterioration is consider* **'ffi'rfi[io-"6l-r6*rs i" 

"toil "'frJoni" 
ittt"tiottottt *" ac*rieved

with a total m€dt indsx.

Younsburrdanspe,Tdo":-J-H11l:m'lHJ"Jffi.5fiffi",sHiT-R'#"":f;Young bull dans per T doe: not tn€atl lhat lho garn n non vre'u,4E€tJ-tt" ta"t"t grandsire the gait

u.ii'ilr* uv ,*d* ol a pedgree index ittdY{.P-1";:f:*".fln 
convenlional bull datn sd€.'.n' l'lou'ev€r'Urrrr'Oit* UV ,t ,io ol a pedgree index tncluong m€ rrrre^* Y: ";;;"t-"1 bull dam s'ibdion' l'lou'ev€r'

iir'ffili"ro r",t" can gven.ue TryY*,,lgffi,SilJtiiiiilr sive reverse resuts'

carelul Perlornance

: can €v€tr be improv€o - *"f,ulln;i;a"iion 
,nay givo reve|te r€sults.

record'urg ol Potanthl bull dams ll
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