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SUMMARY

Data consisted of 44,707 first lactation records classified in 5 
breed groups based on the proportion of Holstein genes. Production, 
fertility and health traits were considered. Least sguares 
constants for breed groups were estimated after adjusting for herd- 
year and month of calving effects. A multiple regression model was 
used to partition the breed group effect into one component 
representing a combination of additive and heterosis effects and 
a second component more complex but probably dominated by the 
recombination effect. The additive effect for Holstein plus the 
heterosis effect was significant for all traits considered but 
parturition problems, and was equal to between 4% and 10% of the 
mean for production and fertility traits and equal to about 30% of 
the mean for health traits. The second factor, dominated by the 
recombination loss effect, was important for yield and health 
traits and was equal to 5% and 20% of the mean, respectively.

INTRODUCTION
In the last 10 to 15 years genes from North American Holstein breed 
have been introduced to Swedish as well as other European Friesian 
populations. This trend is expected to continue. Even after accoun
ting for the breed effects, Meyer (1987) and Van der Werf and De 
Boer (1989) reported higher heritability estimates for yield traits 
in such crossbred populations. This would indicate that nonadditive 
effects are included in the estimates of the additive genetic vari
ance. It is necessary to evaluate the genetic parameters and to 
assess the importance of ■■ nonadditive effects in crossbred 
populations. The selection goals are somewhat different for North 
American Holstein and European Friesian. Therefore, these 
evaluations should be performed not only for yield but also for 
fertility as well as health or fitness traits.
The objectives of this study were: 1) to estimate differences in 
performance of progenies of Friesian, Holstein and crossbred bulls 
for yield, fertility, and health related traits; 2) to estimate the 
direct (additive) and nonadditive effects for Holstein and Swedish 
Friesian breeds.

MATERIALS AND METHODS
The data for this study came from the Skara region of Sweden and 
consisted of all cows that calved for the first time between Janua
ry 1 1984 and December 31 1987. The sires of these cows were clas
sified, based on the proportion of Holstein (H) and Friesian (F) 
genes, in five genetic groups: F, .25H, .50H, .75H, and H. The dams 
were Swedish Friesian cows. Only herds with >4 records of which at 
least one was progeny of a crossbred bull and only sires with > 5
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daughters were used. The final data set consisted of 44,707 records 
in 2,145 herds. The distribution of progenies and of sires by the 
sires' genetic group are shown in Table 1.
Table 1-. Distribution of records.

______B r e e d _____o f______ s i r e _________________
-------------------------- (F) ( • 75F) ( .2 5 m  ( . 50F) ( . 50H) ( . 2 5 ’Fl f ,75m (HI
Progeny 27,000 4,922 448 10,988 1,349
Sires 214 45 3 69 35

The production traits considered were kilograms of milk (MILK), fat 
(FAT) and protein (PROT) produced in 305 days. Fertility traits 
considered were age at first calving (AGEF), days to first service 
(SRVl), and total number of services per cow (SRVN) for all cows. 
Days from first to last service (SRVP) and days open (OPEN) were 
evaluated for pregnant cows only. The health traits considered 
were: dystocia and/or retained placenta and/or metritis combined 
in one parturition disorder (PART), clinical mastitis (MAST) and 
silent heat (SLHT). The occurrence of a disease represents clinical 
diagnostic and treatment by veterinary practitioner. All diseases 
and culling (EXIT) were coded as 0,1 (no,yes) dichotomous 
variables.

Statistical analysis. The following statistical model was used to 
estimate least squares constants for each breed group:

Yijk = H + HYj + Mj + BGk + e1Jk
where: jx is the general mean; HY£ is fixed effect of ith herd-year; 
Mj isthfixed effect of ith month of freshening; BGk is fixed effect of k breed group; and e1Jk is random error associated with ijkth 
observation (NID,0,ae).

A multiple regression procedure, based on a genetic model describ
ed by Eberhart and Gardner (1966), was developed by Robison et al. 
(1981) to estimate direct breed effects, maternal effects, and 
heterosis from crossbreeding data. The procedure should give 
results identical to those obtained by estimating each breed group 
constant, equating it with its genetic expectation, weighting each 
constant by the number of observations and solving the resulting 
system of equations. The multiple regression strategy was used in 
this study to estimate the direct additive effect, the individual 
heterosis and the paternal heterozygosity effect for Holstein and 
Friesian breeds. The following statistical model was used:

Y1Jk = fi + HYj + Mj + AhPh + AfPt + H1?,.,, + HsP'f.h + e1Jk 
where: n, HY1( Mj and e1Jk were defined; A and Af are direct
additive effects for Holstein and Friesian breeds; Ph and P£ (Table
2)  are proportion of Holstein and Friesian genes in the progeny 
contributed through sire and dam; H1 and Hs are individual 
heterosis and paternal heterozygosity effects; P£„h and P'£„h (Table
2) represent proportion of loci with one gene from Friesian breed 
and one gene from Holstein in the offspring and in the sire, 
respectively.

There were two dependencies in the genetic effect equations 
described in Table 2, P£ + Ph = l and 2(Ph)=Pf»h. They were removed
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by setting the direct effect of Friesian breed, Af, and individual 
heterosis, H1, equal to zero. As a consequence, the direct breed 
effect and individual heterosis effect cannot be separated. A clean 
estimate of the direct breed effect Ah should describe the effect 
of substituting Holstein genes for Friesian genes but our estimate 
represents Ah-Af+2HI. The estimate of the paternal heterozygosity 
effect, Hs, is unique.
Table 2. The coefficients Pt, Ph, Pf,h and P'£.h used to estimate 
additive, individual heterosis and paternal heterozygosity effects.

Breed of Breed direct effect Heterosis
Sire Dam P, P„ (indv) P',.Jsire)

(F) (F) 1 0 0 0
(•. 25H) (.7 5F) (F) .875 . 125 .25 .50
(.. 50H) (-50F) (F) .75 .25 .50 1
(•. 75H) (.25F) (F) . 625 .375 .75 . 50

(H) (F) .50 .50 1 0

RESULTS AND DISCUSSION
The least squares solutions for each breed group, as deviations 
from progeny of Holstein bulls (which was set to zero) and their 
standard errors for all traits are in Table 3.
Table 3. Least squares solutions and standard errors for breed 
groups (progeny of Holstein bulls group set to zero).

Breed qrouo defined as the breed of sire
Trait (F) (■. 25H) (•. 50H) (.. 75H)
Production traits:
MILK -414.8 ±29.7 --393.3 ±32.4 -288.7 ±58.5 -•356.0 ±30.3
FAT -17.4 ±1.25 -19.1 ±1.37 -18.2 ±2.47 -16.2 ±1.28
PROT -9.6 ± .94 -9.6 ±1.02 -6.7 ±1.86 -8.2 ± .97
Fertility traits:
AGEF 10.96 ±3.03 6.82 ±3.28 15.31 ±5.46 3.94 ±3.10
SRV1 -2.31 ± .95 -3.23 ±1.01 1.67 ±1.63 -1.97 ± . 97
SRVN -.081 ±.040 -.088 ±.042 -.016 ±.068 -.043 ±.040
SRVP -4.84 ±1.53 -4.46 ±1.63 .63 ±2.71 -2.96 ±1.55
OPEN -6.94 ±1.75 -7.29 ±1.87 1.70 ±3.11 -4.97 ±1.78
Health traits:
PART . 0028 ±.008 . 0069 ±.009 •.0323 ±.015 . 0139 ±.009
MAST .0044 ±.010 . 0122 ±.011 .0291 ±.019 -.0003 ±.011
SLHT -.0198 ±.006 --.0125 ±.007 -.0189 ±.011 -.0157 ±.006
EXIT . 0825 ±.014 . 0769 ±.015 . 1313 ±.025 .0782 ±.014

Progeny of Friesian bulls had lower yields, older age at first 
calving, more parturition problems, more clinical mastitis and 
higher culling rates but they had better fertility and fewer cases 
of silent heat than progeny of Holstein bulls.
The estimates of the regression coefficients Ah and Hs, the R2 for 
the multiple regression model and the mean for each trait are in
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Table 4. The A coefficient is an estimator of the additive effect 
of Holstein relative to Friesian breed combined with the individual 
heterosis effect. The effect was positive and significant (Pc.05) 
for yield traits and varied from 6.3% of the mean for PROT to 9.9% 
for FAT yield. For fertility traits the effect was also significant 
(Pc. 05) but negative, except for AGEF, and varied from a low of 
2.2% of the mean for AGEF to a high of 29.1% for SRVP. For health 
traits the effect was positive and equal to 25.2%’ar.d 35.6% of the 
mean for MAST and EXIT, and negative and equal to 38.1% of the mean 
for SLHT.

The Hs regression coefficient is a composite measure of several 
effects of which probably the dominant is the recombination loss. 
This effect was negative (Pc.05) for production traits and its 
magnitude was about 3 to 5% of the mean. Similar results were 
reported by Van der Werf and De Boer (1989). For health traits the 
effect was negative (increased frequency) for PART, MAST and EXIT 
and its magnitude was 15 to 20% of the mean. For fertility traits 
the effect was not significant.

Table 4. Least-squares constants for Ah and Hs equations, R2 for 
the model and averages for each trait (Af and H1 set to zero) .
Trait Ah Hs R2 Mean

MILK
FAT

489.90**
23.30**

-190.10**
-13.10**

35.0%
36.3%

5752.0 kg 
234.6 kgPROT 12.10** -5.10** 38.8% 192.3 kgFertility traits:

AGEF -19.90 .92 40.5% 884.0 daysSRV1 3.30 * -1.44* 20.3% 81.7 daysSRVN .15** -.03 10.3% 1.74SRVP 6.53** -.58 10.7% 22.3 daysOPEN
Health traits:

9.08 * -1.97 14.6% 103.3 days
PART .006 .017** 7.4% .076MAST -.032** .018* 10.0% . 127SLHT .016* -.001 11.6% .042EXIT -.094** .053** 8.2% .267

** Pc.05; * Pc.15;

In this type of crossbred population the nonadditive effect seem 
to play an important role, especially for health traits. These 
effects need to be accounted for to avoid biases in genetic 
evaluations.
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