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PRINCIPLES OF AhI A.I. BREEDING PROGRAMME WITH SPECIAL REFERENCE
TO THE USE OF HOISTEIN FRIESIANS IN THE GERMAI{ BI..ACK
AND WHITE CATTLE BREED
E. Schwarz
Bayerische
Lsndevnstaltfilr Tierzucht,Grub, WestGermany
Artificial insemination(AJ.) has brought about a
breaktluough of population geneticsin cattle breeding.
Sevpml authors have discussedthe advanageswhich A.I.
offers compared to natural servioe. Referenceis made to
Fpers publishedby Robertsonand Rendel(1950. 1954),
Skjcrvold(1963), Skjervoldand Langhoh (lgffil, Henderssr (1953, 1954),VanVleck(1964), Spechtand McGilliard
(1960), Cunninghamand Cleaves(1965), LindH (1968).
A.l. has improved "selection accuracy" and "sclection
intensity", two factors which determine breeding progres. tf all facets of a modern A.I. breedingprogram:ue
optimized, selection progresscan be expectedto be twie
to three times higher than that attained in the past.

The path from sire to son has the greatestinfluence.
The influence of the path from sire to daughter is also relatiraly geat.From this it must be concludedthat the bull
has to be a point of rnain effort in our modern breeding
work, sinoe, according to the calculations, 6O to 7O9o
of the selection progrcs$is due to the sire.
Basicconceptsof an AJ. breeding program
Model calculations(VanVkck, 1964; LinOH, 1968;
Fewson,l963)aswell aspracticalexperiene show that the
developmentmaintenane of an A.l. breedingprogramis
wry exp€n$ive.Therefore,for a programconcentratingon
practical viewpoints, incorre has to be rnaximised and
coets havr to be minimized. This requircs a systematic
organization of all steps within the program. ln an A.l.
breeding program the npst important decisionsare made
when test bulls are selected.In many publications it is
shown that the greatest genetic p,rogressis obtained by
usingsqrs of the best proven sires(Robertsonand Rendel,
1950; Specht and McGilliard, 1960; VanVleck, 1964:
Skjervold and langholz, 1964).

In this connection the different selectiqr intensity
bctseen the fernale and the male cattle should be consider€d. ln the avcragcbreedingherd a relatively high peroentageof all fernale calvcs harreto be rearedas replacenpnts. In the Federal Republic of Crerrnanythis is about
60eo.The attainableselectiondifferential on the femaleside
is thcrefore relatively low while on the maleside,especially
under conditions of A.I., the possibilitiesare better. It is
mor€ accurirteto estirnatethe breedingrralueof a bull on
the basisof many daughterrecordscomparedto that of a
cow on the basisof her own perfornran@.
Corsidering the higher selecdqr intensity among
the sires, the higher accuriacyin estimating the breeding
valucs of bulls and finally the higher reproduction rate of
a bull compared to a cow, it is clear that the bull has a
gl':eatetinfluence in determiningbreedingProgress.Seraral
authors have estimated the relatirc importance of the
four possible paths determining brecding progress,(see
Table l ).

Ou own 2l yearsof experienceshow that the best
possible young bulb are provided when a central organization exists which is equipped with the necessarycompetence and with sufficient financial resowces (Schwarz,
1969). This organizationhas to plan the production of the
next young test bull generationsystematicallyin advance.
Following this tight programconflict with individual decisionsof breedersand A.l. stationscannot alwaysbe avoi&d.

Table I
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Authon
Roberaon and Rendel(1950)
Skjervold( 1963)
Synrad (1966)
a)
b)
tjndtt' (1968)
a)
b)
c)
d)
e)
Kriusslichet al. (1970)
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Emphasis of such a program has to be on:
l.

This seernsjnstified since the heritability of rnilk yield
and butterfat content decreases
in the following lactations
(Alpsand Averdunk,1972;F6rster,1971).

Qeating large breding units

Robertsonand Rendel (1950), Sgervold (1953),
Fewson (1963) show that ttrere is a correlation between
the rate of selectiql progressand t}re population size. ln
this case only thc actJvepart of the population has to be
taken into consideration,which are the cows under milk
test.Smallerinseminationunits hara a smallertest capacity.
Therefore, they are not able to select as intensively as
larger units. They also need more time to carry out the
test inseminations.Rate of geneticimpronementis, therefore, slower and more costly. Due to the fact that they
are able to test only a limited number of young bulb
each year, they carry a higher risk. To optimize an A.l.
breeding program, Fewson(1963) reconrmendspooling at
bast 50 000 actirre cows in one breedingunit. Therefore,
A.I. centres which cannot fulfill this requirement are
strongly advisedto cooperatewith other A-I. stations at.
least in the bull testing program.
2.

b)

When selectingappropriatesires,all bulls within the
breed must be taken into consideratisr regardlessof the
breedingareain which they are. Howerer,limitationsharc
to be set where the methodsof bull terting are of doubtful
validity. In these casesit is advisableto investigatc the
testing system before taking breedingstock in.
With regard to the desirableshortcning of the gpneration interval the siresshould be selectedin short interrals.
As soon as a sire appearsto be superior he should be used
immediately.
c)

Organizingof planned matings

In order to obtain a desireddistribution per selected
sire on a given number of darns the matings harrcto be
planned and the anirnal owner, the A.I. technician and
the staff of the AJ. centrc haveto communicatewith each
other. The coudinator of thesethree can only be successful
if the procpectivecalving data of the cows included in the
breedingprogramare known.
furother reguirenrnt is the uncomplicated semen
exchangebetweenthe A,l. stationsand the guaranteeof the
smen delirrcry at the right time to erery place. This is
only asured when deep frozen semenis routinely used.

Orgonization of planned ftutings

Only a small peroentagpof cws out of the total herdbook populatiut is eligible as potential damsof A.l. bulls,
while only the best progeny tested bulb are eligible as
sires. The selection of the sires and dams must be done
centrally sine the individual breederis not in a position to
assess
the total population.

3.
a)

Selectionof sires

Raring of bull calves

Selection of doms

In the Fcderal Republic of C,errnanythe selection
of darns takcs pbce in two stepo. First the deviatim as a
curtemporary comparisonin milk and buttcrfat yield of
each herdbook cow is computed and all the animrls are
ranked. These deviatims are calculated for the first 5
lactations. If results of more lactations are available,the
arithnptic awnrge is used.About 89oof all herdbook cows
are selectedin the fint step.
Subsequentlya scoring for type and conformation,
udder and milkability is carried out. After the second
selectim step 2 to 3eoof all herdbook cows rernainin the
dam register.The number of darnswithin a cloed breeding
unit which haw to be selectedfor the production of the
proposednumber of test bulls is influencedby the number
of the arrailabletest plaes which areon onehand determfuEd
by the size of the active bteeding part of the total population and on the other hand by the required selectionintensity after finishing ttre test. Furthermore, it depends
on the number of planned matings which have to be organizedin order to produce one testworthy young bullBasedon our own experience15 to 20 cows should be
selectedfor one young bull finally sampled. This figure is
identical with reports from Carter(1967\ for the regionof
the A.I. CentreEasternBreeders,New York.
In order to shorten the generationinterval the dams
should already be selectedafter finishing the first lactation.
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ln the Federal Republic of Germany the majority
of bull cahresresulting from planned natings are rearedon
the farm and are offered for sale at auctions. large*cale
performance testing is presently done only in South
Germany and includesthe breedsFleckvieh and Gelbvieh.
4.

kogeny test

The selectingof young test bulls which undergo the
progeny test on A.l. stations is based on their predicted
value, which is calculatedfrom their dams'and sires'inforrnation. The predicted breeding ralues and the final
pr(Eeny test results of 176 Fleckvieh bulls are comparcd
in table 2. There is good agreementfor both milk and
butterfat yield.
In all b'reedingareas of the Federal Republic of
Cerrmny a uniform system for the progeny test, for
milk and butterfat yield is used.The data for easycalving,
type and conformation scoring, milkability and beef
and carcassvalue are collected in a modified way in the
different breedingareas.
The useof Hohein Frieshns
In order to increasethe genetic variation of certain
production traits, top proyen sires of the samebreed but
of a different population are often uscd in breedingpro-

Table 2
Comyrison of predicted breding wlue and poformnnce of milk and butterfat yield
of 176 Fleckvieh bulb

ed. breed.
lue class
r milk
up ro
200 to
350 to
over

t99
349
499

s00

---l
stres
n

milk yield

x daughters

53
70
4l
t2

fat yield

b

46
49
35
45

l,5l
1,53
1,40
1,50

grams.This is being done in the Gernnn Braunviehpopulation by introducing Brown Swissbulls and in the Gerrnan
Friesian(DSB) populatian by introducing Holstein Friesian
(HF) bulls from Canadaand the United States.
These programs were initiated rnainly to irnprone
milk production and udder characteristicsmore rapidly.
There were rnany discussiqrs about the introduction of
Holstein Friesians into the Gerrnan Black and White
breed. The low butterfat content of Holstein Friesians,
and their loryer carcassvalue as well as the imbalanceof
the total milk and beef production within the European
Common Market, were pointed out. However,cmtinually,
increasingp,roduction ccts of milk, and the fact that the
net profit of milk production hasa positiw relation to the
herd lerrel necessitateda continud increasc in milk production. In individual cases therefore private economic
considerationsare grven preferenceto those referring to
the national economy.
ln the mean6me,Germany and a number of other
European countries have collected comparatiw figures
of the most important breed characteristicsof Holstein
Friesians and European Friesians.When screeningthese
figures the following prints have to be considered:
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l9
4,5
+ 4,7
+ l l ,8

49
4,0
rot
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3,9
3.9
,,t-

17

+ ll6
+ t4l
+ 369

eoi
9o

*i-l

+

Usually only semen from the top plus-provenHF
sires has been ttsed. These bulls were usually mated
to the best cows of Europeanorigin. Therefore, the
random samplecharactcr necessaryfor an objectira
comparison does not exist. Another complicating
factor is that only the special breeding value was
known for somc of the selectcd HF sires because
they were only tcsted in natural servie or in a few
speciallyselectedtest herds.
l.

Differencu in mtlk and fat perforrrunce and in
protein content

Genetic differences between Holstein Friesiansand
Crerman Friesians were inrcstigated by several authors
(see table 3 and 4). The unanimous conclusion is the
superiority of Holstein Friesians in milk and butterfat
yield and an inferiority in percentfat and protein content.

Table 3

tI

of milk, butterfat and protein production between HF- and DSB+ows

I
I

I

Ernst(1968)
Langletand Ernst
(le7l)
Franzet al. (1972)zit.n.
Krdusslich( 1973)
Werhahn(1972) zit. n.
Krdusslich(1973)
Krdusslich( 1973)
Huth(1972)
Schdnmuthet. al.
(1e73)

I
I
I

t_

*)

F1 mws

protein content

milk yield
kg

Author

37
37*F1
5l
43

|

j

populationshavebeenselectedin different directions.
While the European Friesians has become a dual
purpose breed, thc HF's have been selectedto becornea single purposebreed.WhenusingHF sires,for
crossbreedingheterotic effects can be expected,
which complicatesan objectirrccomparisonbetween
the two populations.

Holstein Friesiansand EuropeanFriesianshave the
same origin but during the past 50 yean the two

Comprison

i

+1647
rel.l26eo
rel .I l 5eo
+ 1884
+1777

90

+54
rcl .l 25eo
rel .l 2l eo
+61
+47

- 0,11
rel. l00eo
rel. l05eo

-o,20
- 0,3E

2 0 1rF 1

+ 839

+28

- 0,16

fogeny of 8 bulls
103'F1

+ 661
+ E39

+23
+28

- 0,06
- 0,16

20

l6l5

4l
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-0,37

rcl.94eo
rel .98eo

-028

Tabh 4
hogeny test rewlts of HF*ires on F1 cows

Author

Vogl-Rohlf (1973)

n
sires

n
daughters
p. sire

breedingvalrr
milk
kg

butterfat
kg

4

92

+ 646

27p

8
6
l2

84
ll0
98

+ 686
+ 70O
+ 624

27,6
28,8

Kriusslich(1973)

8

138

+ 537

Gravert(1974)

4

46*

+ 337

l8E
12,0

Bayern:

l97l
1972
r973
zit. n. Kriusslich(1973)
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Krdusslich and Osterkorn (1973), curcluded that the use
of Holstein Friesianbulls causesan increasein production
which is independent of the herd level. They could not
fuid any sign of a gpnotype environment interaction.
Daughtersof Holstein Friesian bulh show the samerelatiw increasein production in herds on a low production
level as in herdson a high lercl. Kriiusslichand Osterkornassuming a l0O% additive inheritane - cqrclude that
F1 cowsproduceS0Okgmilkand27 ksbutterfat npre than
comparable GermanFriosianconn.Pr,rebredHolsteinFriesian
cows showed a relatively high vzriation in fat content.
Kiinzli (1972) compared 2O Holstein Friesiancows
with Simmentaland Brown Swisscowsand obscned a superiority of + 1200 kg milk of the Holstein Friesian cows.
The protein- and fat content was below that of the two
European breeds. According to Huth (1972t net returns
from milk saleswere DM 160. -- per year higher for
Holstein Friesian cows compared with German Friesians.
Genetic differencesbetweenCanadianand US-American Holstein Friesianshavebeen investigatedby Hinks and
Zarnecki(1973) and by Gravert(1974). Basedon a reciprocal test of prown Holstein Friesiansiresfrom the two
populations in both countries Hinks and Zarnecki(1973)
showed the superiority of US sires in milk production.
The differences in fat content appearedto be of none
ggneticorign. The comparisqrof daughtersof US-American
and CanadianHolstein Friesiansires out of Friesiancows
in Germanyand Denrnarkshowedthe sameresult. Gravert
(1974) calculated the genetic differenccsbetween USAmerican and CanadianHolstein Friesiansto be 200 kg
milk and 8 kg butterfat in favour of US-Friesians.
2.

Differences in mett perfornunce

Severalinvesdgationson fattening and carcassperformancesof Holstein Friesiancattle and crossbreds
demonstrated more or less unanimously that the arrcragedaily
pin to a weight of 450 kg is equal or slightly superiorto
the averagpdaily gain of German Friesian cattle (Huth,
1972; Gravert, 1973 and 1974; Grothe, t973; Langlet

and Ernst, l97l; Sch6nmuth,Wilke, Rackuritz,Michulitz,
7*lfeld, Brauns,1973 ; Pappstein,Markrnann,Otto, Tielsch,
1973). lf fattened cattle were carriedto higherfinal weights
of 550 to 600 kg the avenge daily gins appearsto be in
favour of the C,ermanFriesians.All authors found that
Holstein Friesian cattte had a dressingpercentagewhich
was 05 to IJeo lourcr. The absolutefigures vary between
563*o (Grarrert,1974) at a final weight of 450 kg and
62,9%(Huth, 1972) at a final weight of 579 kg. Langlet
and Ernst(1971) found that 54 HF bulb carriedto a final
weight of 550 kg, had a superiority in awmge daily gain of
4% comparedto contpmporaries,but were inferior by 2eo
as far as dressingperoentagewas con@rned.All authon
report that monetary returns were lower for Holstein
Friesiansthan for Gernun Friesian slaughtercattle. This
is true for saleson the hoof as well as on the hook. The
lower pnces for animah sold on the hoof is caued by the
not vtry pronouncedmusclingof Holsrcin Friesians.
According to Ernst, Langlet and Martin (cited from
Grothe, 1974) under the present price+ost*elationshipe
in the Federal Republic of Germany, Fl females harc to
produce 350 kg FCM more and pruebredHF fernaleshave
to produce 500 kg F'ICMmore than German Friesiansin
order to compensatefor the lower returns for slaughter
cattle. Differenes in body measurenrcntsand weightsbetween animals of Hobtein Friesian and German Friesian
origtn were found in height at withers, lcngth of rump,
chest depth and total weight. Grottrc (1903) compared
pruebred Holstein Friesians with German Friesians and
found s $9.geaterheightat withers,an 89olongerrump and
a lO% high€r weight of Holstein Friesians.Corresponding
figuresfor F1 animalsare: +49o,+59oand+69o.Sch(nmuth
( 1973) found a superiority in height at withers of l2eo
which correspondsvery well with the findin5 of Huth
(1972) and l*angletet al. (1971).
Feed conrrersionfigwes in the literature show a
slight superiority of Holstein Friesiansmainly to a weight
of 450 kg (Huth, 1972; Sch6nmuth,1973; I*angletet al-,
1971).
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3.

Differences in age at fint ulving, miking ability,
fertility and calving ease

All arailable publicationsexpressa lower ageat first
calving for Hohtein Friesian heifen. Sch0nmuth (1973)
reports a difference of 35 days as companedto German
Friesianheifen; Huth (1972\ of one month; Grothe(1973)
of two to three rnonths and Kftrzli (1972) of 7 months
compared to Simmentals and of 9 rnonths comparedto
Brown Swiss.
ln spite of the higher milk productiqr of HF cows
no reports were formd of a greater frequency of inferti,
lity or conception anorrnalities.There are sorneindications
that Holstein Friesiancows show \rery pronouncedsignsof
heat and the averagesemenquality of rmles seemsto be
better.
fur impovernent of shapeof uddersand teatsand of
position of teatsis generallystressed.Ttre milking teststend
to indicate an improverirent of the avlrage r4ilk flow rate
and peroent milk in fore udden (Sch0nmuth, 1972;
Ifuduslich, l 973; lVitt, Andrea,I(allweit, Pfleiderer,Rappen,
von Schutzbar,Wcrhahn, Rdaelerand Selhatscn, l97l).
Grawrt (1974) reports that gestatiur lengfh for
Holstein Friesian calres was I day shorter and birth weights
were 5 to 8eo(2to 3 kg) higher.
These obserntions corespsrd to thoae of Pappstein
et al. (1973), who found birth weightswhich were6 to8%
hig!rcr and a higher percentage of still birth as well.
The following figures for still births were summarized
from own material (sce table 5).

varies very much from arca to area. The proportion is
l4,luo in lpwer Saxonywith the hrgest Friesianpopulation
in Germanyand is approxirmtely g0eoin Barnria with a rehtiraly smrll Friesian population. For the following reasonsone may expect a further intensification of the useof
Holstein Friesians.
l.

Becauseof a geneticnrperiority in milk and butterfat
performancesHolstcin Friesian sires normally have
better proggny results in these two traits than bulls
of Gerrnan orign. If Holstein Friesian bulls are included in a bull testing program, one is sost confrmted with thc fact that bulls from the original
population do not passthe progeny test as proven
sires.Hene, AJ. stationsare led to rse only Holstein
Friesianbulls. Only when beef characten and carqrss
ralue is giwn more emphasiscould this be prerrented.

2.

The agricultural structure of small farm holdings in
the Federal Republic of Cermany does not allow
a specializationin milk or beef production. For the
averageCrerrnanfarrner, the retums from cattle production are @mposedof 55o-o
from milk salesand of
49eofromsalesof slaughtercattle. But economic calculations have shown that an increaseof prices for
slaughter cattle will favour dairy cattle production
by T09oandcattle fatteningby only 3gzo.The reasqr
is that there is a yery high positive correhtiol betwoen pnces for slaughter cattle and pnoes for
feedercalrres.This is againan explanatior why genetic
improvementof the milk yield is gryenso much emphasis.

3.

Meanwhilc, in North America sonp thoughts are
spent on how the fattening performance of dairy
breeds,especiatlyof Hobtein Friesians,could be rsed
more e@nomically. Calo, VanVleck, McDowell and
Milhr (1973) show in model simulationsthet a simultaneousselectim on milk and meat would be more
economical than the medded considerationof milk
production only. In the meantinrcpurebredand croasbred Hobtein Friesians are fed in many North
Arnericanfeedlots. Biasesagairuttheseanimalson the
slaughtermarket are going to be reduced.A convergence of the breeding airns in the Holstein Frtssian
and German Friesian population can be expected-

Tablc 5
PercentageStillbirth
heifen

bull group
l00eoHF

7s%HF

n
bulls

n calving

9
l0

t72t
1237

@ws

eostillbirth

n calvhg

eostill'
birth

2,O sto2
1 , 5 2999

0,8
0,5

Discussion
Ttrc use of Holstein Friesian bulls has become
commonin all GermanFriesianherdbooksocieties.The proportion of fint inseminationswith Hobtein Friesianbulb
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