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ABSTRACT

Several crossing experiments in dairy cattle are cur-
rently in progress. Most of them are based on Holstein-
Friesian, superior in milk production, and Jersey, 
known for highly concentrated milk and early matu-
rity. Crossbreeding can lead to combination of favor-
able characteristics from the breeds involved, based on 
breed additive genetic effects. Further, heterosis can 
be of additional economic benefit, but the magnitude of 
heterosis is not well established for many breed com-
binations, and traits and effects of heterosis are not 
heritable. These unknowns, and possible recombina-
tion losses in rotational crossbreeding systems, are the 
challenges to practical application of crossbreeding in 
dairy cattle. Crossbreeding, if widely implemented, im-
pacts existing breeding schemes and should be pursued 
after careful economic evaluation. In the former East 
Germany, crossbreeding in dairy cattle led to a new 
synthetic breed, a milk-emphasized dual-purpose breed 
called Schwarzbuntes Milchrind der DDR (SMR). The 
SMR composite was based on a 3-breed cross, including 
native East German Black and White, Danish Jersey, 
and Canadian Holstein-Friesian. The SMR breed was 
used in commercial milk production in East Germany 
in the 1970s and 1980s. This paper describes the goals 
in creating and performance of SMR and summarizes 
related work during the SMR period. Current German 
crossing experiments and profitability for different 
amounts of heterosis will be introduced.
Key words:  crossbreeding, heterosis, additive and 
nonadditive effect, economic evaluation

INTRODUCTION

Genetic diversity is the prerequisite for breeding suc-
cess (Simianer et al., 2006), and rapid genetic change 

by intense selection leads to gene loss (Schönmuth, 
1985). A large number of studies (Fleischer et al., 2001) 
and practical experiences have shown that strict selec-
tion on high performance as done in the last decade 
for Holstein-Friesian is accompanied by unwanted side 
effects in metabolism, fertility, and health. Insufficient 
data-recording schemes for these secondary traits and 
low heritabilities complicate their inclusion in tradi-
tional breeding programs. Genetic antagonisms of first 
lactation performances and incidences of mastitis and 
ketosis, functional conformation traits, and longevity 
have been found in the vast majority of targeted stud-
ies, especially from North European countries where 
health-recording systems have been implemented for 
more than 20 yr (Heringstad et al., 2001).

Fitness in highly selected populations decreases with 
increasing distance from the original production level 
of a base population (Beckett et al., 1979), because 
a long-term directed intense selection on breeding 
goals disturbs genetic homeostasis (Kräußlich, 1999). 
Breeders of Bavarian Simmental stated that decreased 
longevity, greater stillbirth and calving losses, more 
frequent occurrence of inheritable disorders, and unfa-
vorable correlations between protein yield and health 
traits are the main disadvantages of selection for 
greater production within pure dairy breeds (Rosen-
berger et al., 2004). In fact, deterioration of health and 
fertility have an important effect on dairy cow profit-
ability in purebred dairy breeds and lead to decreasing 
milk production in further lactations (Gottensträter, 
2007). Despite the advantages of selection within pure 
breeds, a single pure dairy breed is unlikely to fulfill all 
demands of milk producers on a long-term period. Be-
sides several options for maintaining genetic diversity 
in German Holsteins, considerations and experiments 
on crossbreeding are underway, suggesting a tempting 
alternative (Swalve, 2007).

Characteristics of crossbred offspring are influenced 
by several effects, mainly by direct effects, parental 
effects, heterosis effects including dominance and 
epistasis, recombination loss, and effects for combi-
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nation suitability (Schüler et al., 2001). These effects 
depend on the breeds involved and the trait of interest 
and have been described in theory by different authors 
(Hill, 1971; Schüler et al., 2001). Genotype × environ-
ment interactions may also play a role, but they are 
currently not under focus in studies of crossbreeding in 
dairy cattle. Heterosis effects are expected to be large, 
when the trait-related differences of parental breeds 
are large. Jersey shows the largest genetic distance 
from Holstein-Friesian (HF) among dairy cattle breeds 
(Basedow, 1998). A detailed view of crossbreeding 
schemes for dairy cattle and of heterosis estimates 
from the literature is given by Sorensen et al. (2008). 
According to Hill (1971), a crossing system should lead 
to a constant genetic composition affecting trait-specific 
performances. Generally, it should be clear that het-
erosis effects are not heritable additions accompany-
ing the combined additive effects as a bonus of a cross 
and decreasing in advanced generations of crosses. As 
one crossbreeding system suggested for dairy cattle, 
rotation crosses result in a cyclical gene composition 
from generation to generation (Schüler et al., 2001). 
The decrease of heterosis effects in rotational crosses 
depends on the number of breeds involved (Hill, 1971). 
Two breed rotations maintain 67% of F1 heterosis at 
equilibrium, and 3 breed rotational crosses maintain 
86% of F1 heterosis.

Crossbreeding appears to have application in com-
mercial dairy production, although heterosis for yields 
may be less than in economically important traits of 
poultry or pigs (Kräußlich, 1999). In contrast to other 
farm animals, Swalve (2004) suggested that crossbreed-
ing programs are useful for dairy cattle only in those 
cases in which fertility and longevity are especially 
important. The contradiction between steadily increas-
ing milk yield (MY) and decreased length of productive 
life or impaired fertility is a growing problem in Ger-
man Holsteins. As one specific example, MY of German 
Holstein-registered cows increased steadily from 7,014 
kg per 305 d in 1996 up to 8,672 kg in 2006, whereas 
longevity decreased from 4.9 to 4.6 yr during the same 
period (ADR, 2007). Simultaneously, fat and protein 
content decreased by 0.23 and 0.03%, respectively. 
Increased calving intervals affect economy negatively. 
Moreover, inbreeding and genetic drift within a breed 
may create further problems.

To cope with these problems, several research groups 
in cooperation with dairy cattle farms in Germany 
started limited crossbreeding experiments. Crossing 
experiments, especially with Holstein and Jersey, are 
not a new idea. A practical experiment crossing German 
Black and White (SR) dairy cows and Danish Jersey 
sires started in the 1940s in Dummerstorf in northeast 
Germany (Schmidt, 1948). Crosses of SR cows and Jer-

sey sires in both parts of Germany increased fat content 
(FC) and fat yield within homogeneous F1 production 
herds (Schlie, 1949). Conclusions concerning body de-
velopment and MY from a large crossing experiment 
in West Germany included heterosis effects up to 
8% (Witt et al., 1973a,b). In the 1960s, an additional 
cross using Canadian Holsteins produced a composite 
dairy breed, called Schwarzbuntes Milchrind der DDR 
(SMR). The motivation was very different from the 
considerations of today. The purpose was to develop 
a milk-emphasized, dual-purpose breed starting from 
the existing dairy population within East Germany 
(Schönmoth, 1963).

The primary focus of this paper is to review the 
3-breed cross, including the main scientific and practi-
cal results of the breeding process. Furthermore, we 
report motivations and preliminary results of current 
crossbreeding experiments in Germany and economical 
aspects related to specific crossbreeding designs.

BLACK PIED DAIRY CATTLE OF EAST GERMANY

Background of Creating a New Breed  
by Crossbreeding

During the late 1950s and early 1960s in East Ger-
many, a simple grading up of SR with HF sires, as done 
at that time in West Germany, was not considered the 
optimal breeding strategy. An increased demand for 
butter fat for human food supply combined with strict 
limitations in food supply for animal production was 
not achievable by using HF sires. The most economi-
cal dual-purpose cattle was described as small-framed 
with high fat- and protein-concentrated milk and 
sufficient ability for meat production. Improvement 
of functional traits, such as early breed maturity and 
a long productive life, was also of special interest. A 
thorough and detailed analysis of possible dairy breeds 
for the breeding objective was outlined by Schönmuth 
(1963). The plan was to rely on additive breed effects to 
produce a new synthetic breed that met the breeding 
goals. The continued crosses with Jersey and SR (Stahl 
et al., 1959; Lenschow, 1961; Lenschow and Tilsch, 
1963) could be viewed as a preliminary step to creating 
SMR.

Time-Related Description of Involved Breeds

Breed averages for HF, Jersey, and SR breeds for 
production traits, first lactation culling, productive 
life, and stillbirths in calves are shown in Table 1. 
The SR breed, which was restricted primarily to East 
Germany at this time, was of smaller frame and lower 
milk production (MY) compared with the modern HF. 
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However, the breed was considered superior to HF for 
slaughter traits, giving it an advantage in production 
of meat. The breed was predominately blacker than 
HF, and fertility and longevity were reasonably good. 
The SR breed maintained adequate performance under 
poorer environmental conditions, including feed qual-
ity and quantity, than HF. The MY in SR was constant 
between 1955 and 1962 and averaged less than 3,000 
kg in 1963. In addition, there was no increase in fat 
yield and fat content. Mean performances of herd book 
cows reached about 120 kg and 3.60% fat. As a further 
practical problem, milking ability and quality of udder 
traits were insufficient for machine milking.

Danish Jersey (J) was better adaptable to machine 
milking and had greater contents of milk fat and pro-
tein than SR. Hence, 6 Jersey sires were chosen for 
the first crosses on SR females because of their high 
breeding values (BV) for fat and protein percentage. 
Danish Jerseys were also known for early sexual ma-
turity, expressed in young ages at first calving, and 
expressed high nonreturn rates. This breed was known 
for its small frame (about 400 kg of adult body weight), 
refined bone structure, and brown coat color. The supe-
riority in MY per body weight unit was emphasized by 
Horn (1973).

Sires of the larger framed HF, as it was bred in the 
United States and Canada, were used to increase milk 
production, body and frame size, and udder traits. The 
HF breed is well known for high MY, lower percentages 
in fat and protein, and excellent udder shape and qual-
ity that is suitable for machine milking. A drawback was 
a later age at first calving. A comprehensive historical 
review of sperm imports and use of sires Brown, Glen, 
Ponto, Walter, and Witt and development of breeding 
values was reported by Pötke and Panicke (1993).

The SMR Breeding Program

Schönmuth (1963) suggested the crossbreeding pro-
gram to create the composite breed (i.e., a milk-empha-
sized, dual-purpose cattle with high milk fat and protein 
content) and udder structure acceptable for machine 
milking based on a 3-breed cross (Figure 1). A long-
term breeding goal was formulated as follows: annual 
milk production of a cow was targeted to reach 5,000 to 
6,000 kg with 4% fat, reaching at least 200 kg of fat and 
165 kg of protein, and sufficient muscling for 600 kg of 
body weight, and 128 to 132 cm in height at withers. In 
1975, pure breeding of SMR began (Zelfel, 1974). Sires 
for reproduction originated from 12 bloodlines initially 
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Table 1. Average performances in production and functional traits for breeds involved in development of the Schwarzbuntes Milchrind der 
DDR breed (Schönmuth et al., 1980) 

Breed1 Code Number

First lactation performances completed Life performances

Milk  
yield  
(kg)

Fat  
yield  
(kg)

Fat  
content  

(%)

Protein 
yield  
(kg)

Culling  
in first 

lactation  
(%)

Days of 
productive 

life2

Life  
performance 
milk yield2  

(kg)

Calves  
death  

born (%)

HF 03 100 6,555 236 3.60 209 3.01 1,403 21,959 8.87
Jersey 08 183 3,241 204 6.30 138 15.90 1,444 19,142 2.97
SR 01 454 4,368 176 4.03 150 8.70 1,186 14,719 3.96
1HF = Holstein-Friesian cattle; Jersey = Danish Jersey cattle; SR = native Black and White cattle population in East Germany.
2Breed-specific observations in life performance traits are biased by trends over time for specific breeds, herds, and environmental effects.

Table 2. Average performances of elite bull dams and all dairy cows during the period of establishing the Schwarzbuntes Milchrind der DDR 
breed (Baum, 1986; Geissler et al., 1989; Zelfel, 1990b) 

Year
Category in 
breeding centers Number

Average performances All East German dairy cows

Milk  
yield  
(kg)

Fat  
yield  
(kg)

Fat  
content  

(%)
Number  
of cows

Average  
milk yield1  

(kg)

1970 Young cows2 9,750 3,499 137 3.92 2,162,900 2,900
Elite bull dams 4,233 5,425 235 4.33

19803 Young cows2 40,000 4,077 169 4.15 2,137,900 3,433
Elite bull dams 4,500 7,197 327 4.54

1989 Young cows2 43,641 4,611 198 4.29 2,019,9004 4,0204

Elite bull dams 3,322 7,665 365 4.76
1Milk yield corrected to 4% milk fat.
2In first lactation.
3Number of animals roughly for 1980.
4In 1988.



and decreased in later years to 6 and 3 blood lines. 
The progeny testing program and genetic evaluation 
of SMR sires in the initial phase considered production 
traits, growth performances, and udder shape. Semen 
of roughly 500 young sires per year was distributed 
equally across large-scale testing farms, which utilized 
random mating except for strict avoidance of inbreed-
ing. This breeding strategy produced about 50 effective 
daughters per sire for genetic evaluation, which was 
carried out by the East German computing center in 
Paretz, Brandenburg. Sire selection on coat color and 
pattern started about 1985, to avoid inheritance of car-
riers of too much black and unwanted patterns. Also, 
genetic evaluation was extended toward a combined 
evaluation of type and body shape during the 1980s. 
However, breeding goals and weighting factors of traits 
in a combined breeding goal were adjusted to natural 
conditions of production such as rough forage quality, 
grain availability, and grain price (Schwark, 1986a). 

Selection criteria for SMR elite bull dams from 1986 
to 1990 were as follows: 7,000 to 7,500 kg of milk per 
305 d of lactation, 4.5 to 5% fat and 3.5 to 3.7% protein, 
body weight at least 600 kg, height between 135 and 
140 cm, and broadness of pelvis of 49 cm (Baum, 1986; 
Kramer and Wiegand, 1986). Criteria relative to repro-
duction included a maximum age at first insemination 
of 640 d and a calving interval between 350 and 370 d. 
Physical criteria measured on breeding sires included 
height of 126 to 132 cm, pelvis width of 44 cm, and a 
weight between 430 and 460 kg at the age of 1 yr.

Results of SMR Breeding—A Source for Research 
and Practice

SMR Applied to the East German Dairy Breed-
ing System. Performance of SMR relative to SR was 
considered to be 125% for MY, 115% for milk protein 
yield, equal in growth and fattening performance, and 
95% of slaughter performance (Panicke et al., 1982). 
Elite bull dams showed a substantial increase in av-
erage production during the process of creating and 
establishing SMR (Table 2). Many studies involved 
the relationship of body development in a heifer to its 
ultimate milk production as a cow. The association of 
greater MY with greater body weight postpartum in 
first lactation was clearly more pronounced in SMR 
than in SR (Panicke et al., 1983). Several studies 
confirmed the positive effects of length, height, broad-
ness, and depth of body on milk production. Decreasing 
MY would follow a decrease in only one of these traits 
[e.g., decreasing broadness (Schwark, 1986a)]. The 
performance of SMR cattle to other breeds was care-
fully studied (Neumann et al., 1980; Matthes et al., 
1985; Beckert et al., 1986; Neumann and Zupp, 1986; 
Seeland, 1986). Correlation coefficients between BV of 
carcass traits in fattening bulls and female growth per-
formances ranged from 0.15 to 0.36. Heritability coef-
ficients varied among 0.23 to 0.40 for net daily gain in 
grams and carcass weight in kilograms, respectively. 
The SMR breed was considered to be a useful combi-
nation of high MY and reasonable meat production of 
good quality (Borrmann et al., 1986; Roffeis and Zelfel, 
1989). Breeding of dual-purpose cattle considers some 
compromises in individual traits (Kramer and Wie-
gand, 1986). Results of SMR in beef developing traits 
compared with other dual-purpose crosses in cattle 
were summarized by Schwark (1986a), underlining the 
importance of genetic correlation when defining com-
bined breeding goals. Correlation coefficients of BV for 
growth performance and milk production traits ranged 
from 0.122 to 0.235 (Zelfel and Sieber, 1986), whereas 
earlier reports by Leuthold and Leucht (1980) showed 
small or slightly negative correlations from −0.12 to 
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Figure 1. Scheme of crossing breeds Danish Jersey, native East 
German Black and White, and Holstein-Friesian during the process 
of creating the Schwarzbuntes Milchrind der DDR (SMR) in East 
Germany (according to the concept by Schönmuth, 1963).



0.09. Rybka (1979) reported moderate positive correla-
tions of 0.3 and 0.4 between own performance for dry 
matter intake in bulls and growth performance of their 
daughters. Wolf (1986) and Beilig (1987) discussed feed 
intake and body capacity in a total merit index for dairy 
bulls. However, Schönmuth and Seeland (1986) sug-
gested that further emphasis on growth and fattening 
traits could reduce the competitive ability of SMR on 
the international market, in light of different economic 
conditions in East and West Europe during the 1980s 
(Schwark, 1986b).

Kräußlich (2002) stated that the success of the SMR 
as a new breed was a unique situation, because the 
lack of competition in a socialist country allowed the 
development process to survive difficulties that might 
doom breed development to failure under other circum-
stances. However, SMR was also positively evaluated 
by breeders in other countries (e.g., Bozo et al., 1983). 
In fact, SMR was a useful breed for commercial milk 
production under suboptimal management and feeding 
conditions prevalent in East Germany at that time.

SMR as a Valuable Basis for Breeding Research. 
Seeland et al. (1984) compared heritability coefficients 
for production traits from different genetic groups 
involved in creation of SMR. The greatest heritabili-
ties for single production traits were found in HF (in 
particular for MY h2 = 0.35, for fat yield h2 = 0.33, and 
for protein percentage h2 = 0.31, as shown in Figure 2), 
whereas the lowest heritabilities were for the crossing 
group J × SR. Genetic correlations were highly posi-
tive among yield traits. In several studies, the lowest 
correlations were found in the crossing group J × SR 
(in F1 and F2), whereas results for SR and SMR were 
more similar (Figure 2). The varying correlations show 
that the breeding goal became much more complex in 
SMR, and as several authors assumed, a simultaneous 
increase of MY and protein content was not possible. 
This trait antagonism has a genetic basis and responds 
to intense selection (Schönmuth and Seeland, 1986). 
Differences in frequencies of milk protein alleles in dif-
ferent cattle breeds could be one reason for changing 
correlations between content and yield traits (Freyer 
et al., 1999). For example, for a closer protein:fat ra-
tio, HF genes were favorable, whereas Jersey genes 
contribute to increasing fat content. However, there 
is also a substantial lack of information about the 
correlations among content traits and various other 
trait complexes. Thorough analysis of Jersey and HF 
crossbreds including genome analysis are currently 
underway and will contribute to our understanding of 
these relationships.

A long-term scientific experiment on milk protein 
was carefully designed and carried out in Clausberg 
(Thuringia) involving the different genetic groups of 

cows during the SMR breeding phase. Breitenstein et 
al. (1990) summarized the main results.

Several questions on how to improve SMR following 
its establishment had to be answered simultaneously 
with development of the breed. The breeding organi-
zation and the continuously developing breeding goal 
for SMR through classical breeding approaches needed 
accompanying research activities; moreover, even the 
trait-specific additive and nonadditive effects were un-
known at the time of establishment.

Nonadditive Effects for Improving Specific  
and General Performances

In a highly variable environment, only heterozygous 
individuals are able to produce the vital, new genetic 
combinations within their offspring for survival of the 
population (Wessely, 1988, based on Kacser and Burns, 
1981). We generally do not expect such extreme chang-
es in modern dairy cattle breeding systems. However, 
the problem is to improve functional traits showing 
low heritabilities. They are of increasing economic im-
portance in modern dairy cattle due to their effect on 
production costs. Whereas additive effects can be read-
ily exploited to improve highly heritable production 
traits, the use of possible nonadditive effects may be 
more critical to maintain or improve fertility, health, 
adaptability, and longevity. By standard definition, in 
a cross of 2 pure breeds, heterosis is the deviation of 
performances of an offspring from the parental mean. 
According to the dominance hypothesis, nonadditive 
genetic effects are those caused by heterozygosity at a 
gene locus (dominance and overdominance), combina-
tions of dominant genes at different loci, and various 
types of nonallelic gene-gene interactions, such as ad-
ditive × additive, dominant × dominant, and additive × 
dominant gene interactions (epistasis).

Gene × gene interaction exists if 1 gene suppresses 
or modifies expression of a different gene. Two genes 
interact if their joint effect deviates from the sum of 
single gene effects. Understanding the complex design 
of epistasis is important to understand the genetic ar-
chitecture of a quantitative trait (Carlborg and Haley, 
2004). As an example, gene × gene interaction effects 
explained about 30% of the phenotypic variance within 
an F2 mouse population (Schwerin, 2001). Additive × 
additive epistatic interactions of individual loci within 
the entire genetic background were identified to be a 
major component of heterozygosity (Melchinger et al., 
2007). The different mechanisms of gene expression 
and a wide variety of gene interactions likely play an 
important role in functional traits such as fertility, 
disease resistance, and longevity (Dempfle, 2004). Re-
duction in genetic diversity, as produced by selection 
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and pure breeding, reduces the ability of an organism 
to effectively respond to multipurpose demands.

In later generations following a cross of trait-
divergent breeds, the positive effects of a new genetic 
construction can be reduced by recombination loss. 
By theory, recombination loss is expected to occur if 
a favorable combination of 2 or more linked alleles 
affecting a trait (or trait complex) is broken apart by 
crossover during meiosis. Further, in inter se mating of 
crossbred animals, a breakdown of favorable heterozy-
gous gene combinations, can reduce the positive effects 
of heterosis on a production trait. Epistatic effects and 
recombination loss are dependent on the design of a 
crossbreeding program and thus not heritable or per-
manent from one generation to the next. New studies 
show that the genetic basis of the biological phenome-
non of heterosis is still of great interest and has not yet 
been completely elucidated (Melchinger et al., 2007).

Heterosis Field Experiment

Experimental Design. Panicke et al. (1975) re-
viewed approaches of estimating additive breed effects 
and non-additive effects in a cross, to construct a design 

to estimate those effects in SMR. This effort led to the 
implementation of the Heterosisfeldversuch (HFV) ex-
periment (Panicke, 1986; Panicke et al., 1990). An ex-
tensive crossing design with additional crossing groups 
as shown in Table 3 was implemented in a large field 
experiment including several large-scale dairy farms, 
located in Mecklenburg-Lower Pomeranian and Sax-
ony-Anhalt. In addition to the regular crossing groups 
(Figure 1), an inter se cross (F2) from Jersey × SR mat-
ing (code 18 × 18), an F1’ (code 13), and a backcross (R1’, 
code 12) of SR × HF were needed. Three unrelated sires 
in each breed (Jersey and HF) were used. Herds were 
divided into 3 levels based on average fat yield in 305 d 
in first lactation: (i) lower level of less than 150 kg, (ii) 
medium level averaging about 160 kg of fat, and (iii) a 
high level group of 180 kg of fat and more. The estima-
tion of additive and heterosis effects was based on the 
medium level, to avoid the disturbing effects of feeding 
stress (in the low level), and of preferential treatment 
of individual cows practiced within small herds in the 
high group. Differences in mean performances of all 
involved crossing groups were in agreement with the 
expectations (Table 3).
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Figure 2. Genetic correlations of milk production traits in SMR (Fiedler et al., 1990) in comparison to pure SR (*) and crossing group SR 
by Jersey (#), and heritability coefficients (Droese et al., 1985) based on a large material from the contemporary East German crossing popu-
lation. SMR = Schwarzbuntes Milchrind der DDR breed; SR = native Black and White cattle population in East Germany.



Actual yields were adjusted for effects of calving age, 
herd, year, and season of calving to obtain individual 
adjusted performances for estimating additive and 
nonadditive effects. Methods and results of estimation 
are reported in detail by Panicke and Freyer (1992). 
The main model was a simple dominance model. A 
maternal effects model was applied to traits related to 
body development, where such effects were expected to 
play an important role (Dietl, 1987). Several crossing 
groups were missing or did not provide enough data 
to enable estimation of epistatic effects or recombina-
tion losses. For example, the F2’ generation from HF × 
SR and backcrosses of J × (J × SR) and SR (HF × SR) 
were not available. Estimates of recombination loss or 
epistasis were insignificant.

Results in Milk Traits. Estimated additive breed 
effects of HF on MY confirmed the superiority of HF 
(Table 4). Note that the additive and heterosis effects 

in Tables 4 and 5 are given as relative values in trait 
units (kg for yield traits and % for content traits). To 
distinguish estimated heterosis effects from denoting 
crossing groups, we use abbreviations J_SR, HF_SR, 
and J_HF for denoting the nonadditive effects associ-
ated to the specific breed origins.

The greatest heterosis effect for MY of 4.5% was ob-
tained by the combination J_HF, followed by HF_SR. 
The combination HF_SR was inferior in fat yield, and 
here, the greatest heterosis effect was obtained from 
J_SR of about 4%. The lowest heterosis effect in content 
traits was from the combination HF_SR. An extended 
model including epistatic effects (Wessely et al., 1985, 
1986, 1987) revealed similar results. However, due to 
a greater number of parameters to be estimated by the 
epistatic model and lack of data in specific backcrosses, 
errors of estimates for heterosis and epistatic effects 
were extremely large (Table 5).
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Table 3. Means and standard deviations production traits in first lactation (305 milking days) and for productive life for breeds and crossing 
groups involved in the heterosis field experiment (Heterosisfeldversuch), selected from herds with a medium production level of about 140 kg 
of fat (Panicke and Freyer, 1992; Freyer and Panicke, 1993) 

Breed or  
crossing group1 Code

Cows (with 
productive  

life), n

Milk  
yield2  
(kg)

Fat  
yield2  
(kg)

Protein2  

yield  
(kg)

Fat  
content2  

(%)

Protein 
content2  

(%)

Productive 
life2  
(d)

SR P0
01

1,132 3,664 138 121 3.80 3.28 1,140
(1,550) (745) (28) (43) (0.33) (0.98) (583)

J × SR F1
18

5,674 3,310 147 118 4.45 3.51 1,057
(3,848) (754) (35) (45) (0.43) (1.13) (690)

HF × (J × SR) M1 = SMR
30

6,637 3,596 143 123 3.98 3.33 1,135
(4,525) (837) (35) (55) (0.39) (1.33) (690)

SMR × SMR M2 = SMR
30 × 30

2,844 3,443 138 115 4.02 3.29 1,065
(2,723) (797) (33) (50) (0.41) (1.25) (650)

J × SR F2
18 × 18

497 3,021 132 104 4.40 3.45 1,041
(541) (644) (27) (30) (0.48) (0.77) (665)

HF × SR × F1’
13

863 3,806 144 125 3.82 3.27 813
(920) (851) (31) (42) (0.42) (0.88) (640)

HF × (HF × SR) R1’
12

275 3,730 139 119 3.74 3.21 947
(421) (754) (28) (43) (0.37) (0.98) (580)

1SR = native Black and White cattle population in East Germany; J = Danish Jersey cattle; HF = Holstein-Friesian cattle; SMR = 
Schwarzbuntes Milchrind der DDR breed.
2Mean (SD).

Table 4. Estimated additive and heterotic effects (±SE) for breeds involved in the heterosis field experiment for production traits (Panicke 
and Freyer, 1992) and productive life (Freyer and Panicke, 1993) based on a simple dominance model 

Effect

Milk  
yield  
(kg)

Fat  
yield  
(kg)

Protein  
yield  
(kg)

Fat  
content  

(%)

Protein  
content  

(%)

Productive  
life  
(d)

Additive1

 SR −73 ± 122 −14.4 ± 5.4 −4.9 ± 3.8 −0.20 ± 0.04 −0.03 ± 0.03 −93.6 ± 30
 J −641 ± 222 −4.2 ± 9.7 −8.9 ± 6.7 0.70 ± 0.15 0.30 ± 0.07 96.0 ± 50
 HF 336 ± 60 1.6 ± 2.8 5.4 ± 2.2 −0.29 ± 0.04 −0.08 ± 0.02 −77.5 ± 16
Heterosis
 J_SR −18 ± 76 8.2 ± 3.3 −0.6 ± 2.3 0.16 ± 0.05 0.16 ± 0.02 37.7 ± 18
 HF_SR 85 ± 71 1.1 ± 2.8 4.9 ± 2.1 0.01 ± 0.04 0.02 ± 0.02 99.5 ± 13
 J_HF 162 ± 92 9.8 ± 3.7 2.9 ± 2.7 0.03 ± 0.05 0.06 ± 0.02 112.5 ± 20
Mean SMR 3,596 143 123 3.98 3.33 1,135
1SR = native Black and White cattle population in East Germany; J = Danish Jersey cattle; HF = Holstein-Friesian cattle (based on sires from 
Canadian Holstein population); heterosis components refer to the breed origins. SMR = Schwarzbuntes Milchrind der DDR breed.



Two further studies in addition to HFV were carried 
out on additive and nonadditive effects using the entire 
East German dairy population. Additive effects report-
ed by Großhans et al. (1993) were larger than by the 
HFV study. In the same study, the greatest heterosis 
effects in MY and fat yield were estimated for combina-
tion J_HF, consistent with the HFV project. Heterosis 
effect of J_HF on FC was 0.09%, compared with 0.03% 
in HFV (Panicke and Freyer, 1992). A second study of 
nonadditive effects on milk traits was carried out by 
Bergfeld (1991). A large recombination loss of −250 kg 
of milk was found for J_SR, whereas the corresponding 
dominance effect was 110 kg (Table 5). Large differ-
ences of estimated recombination losses were found in 
both studies (Table 5). Großhans et al. (1993) and U. 
Bergfeld (Leipzig University, Germany; unpublished 
data, 1992) used data from the basic SMR population, 
regardless of production levels of the herds involved. 

This could likely be the reason for overestimating these 
effects. Evaluation of epistatic effects led to a similar 
conclusion (Table 5).

Results for Productive Life and Maternal Fer-
tility. The data for estimating effects of productive life 
and maternal fertility was based on a medium-level 
group for milk traits, apart from deviating sample sizes 
(Tables 3 and 6). Here, we refer to the number of total 
productive milking days of a cow (excluding dry days). 
In Table 4, only the Jersey breed showed a favorable 
breed additive estimate of 96 d in productive life. How-
ever, heterosis effects were always positive, and great-
est in J_HF (112.5 d), followed by HF_SR (99.5 d). The 
negative additive effect of SR was most likely biased by 
the relatively low means of crossing groups based on 
SR and HF. On the other hand, a remarkable heterosis 
effect J_SR of 37.7 d was found (Table 4). Heritability 
for productive life and number of lactations was low 
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Table 5. Estimates of additive, dominance, and epistatic effects and recombination loss on specified milk traits from studies of U. Bergfeld 
(Leipzig University, Germany; unpublished data, 1992), Großhans et al. (1993), and Wessely et al. (1985) 

Category of effect1

Milk yield (kg) Fat yield (kg) Fat content (%)

Mean2: 4,117 Mean2: 160.9 Mean2: 3.84

Bergfeld2 Großhans2 Bergfeld Großhans Bergfeld Großhans

Additive breed
 SR 0 NA3 0 NA 0 NA
 J 18 −672* 15.2** 8.3 0.46** 1.23***
 HF 433 813*** 9.0 18.3 −0.18 −0.31
Dominance
 J_SR 110** 8 1.4 −2.7 −0.10** −0.18
 HF_SR 24** −130 0.4 −6.5 0.04** −0.08
 J_HF 6** 182 11.7 16.8 0.23 0.09
Recombination loss
 J_SR −250** −200 −11.6** −30.1 −0.02 −0.66***
 HF_SR −38 −318 −1.3 −14.7 0 −0.11
 J_HF 206* −107 6.3 −4.8 −0.11 −0.15

Wessely4 Großhans Wessely Großhans Wessely Großhans

Additive breed
 SR −80 ± 12 NA −7.5 ± 0.45 NA −0.10 ± 0.006 NA
 J −608 ± 65 −666*** −6.2 ± 2.72 −7.8 0.54 ± 0.042 1.21***
 HF 73 ± 36 799** −0.7 ± 1.36 18.1 −0.09 ± 0.016 −0.30
Dominance
 J_SR −619 ± 148 212 16.5 ± 6.06 27.7 −0.09 ± 0.117 0.49**
 HF_SR 490 ± 261 124 7.9 ± 19.03 6.8 −0.41 ± 0.084 0.07
 J_HF 368 ± 216 372 19.9 ± 8.67 23.6 −0.28 ± 0.126 0.19
Epistatic
 J_SR −388 ± 64 −411 −4.6 ± 3.82 −60.4 0.38 ± 0.050 −1.31***
 HF_SR −34 ± 247 −499 −5.2 ± 9.46 −26.6 0.23 ± 0.127 −0.30
 J_HF −226 ± 287 −363 −17.1 ± 11.52 −12.8 −0.03 ± 0.152 −0.20
1SR = native Black and White cattle population in East Germany; J = Danish Jersey cattle; HF = Holstein-Friesian cattle; heterosis compo-
nents refer to the breed origins.
2Results including effects of recombination loss in U. Bergfeld (Leipzig University, Germany; unpublished data, 1992) and Großhans et al. 
(1993) were obtained from the Dickerson model (Dickerson, 1969); results including epistatic effects in Großhans et al. (1993) based on the 
Jacubec model (Jacubec et al., 1987).
3NA = not applicable.
4Wessley et al. (1985).
*P < 0.10; **P < 0.05; ***P < 0.01.



(i.e., 0.019 and 0.125, respectively; Lehmann, 1987). 
Genetic correlation of MY in first lactation and produc-
tive life and number of lactations was 0.17 and 0.30, 
respectively.

Some crossing groups had incomplete data to evalu-
ate fertility traits. Therefore, additive and nonadditive 
effects could not be estimated. Mean trait values of the 
crossing groups were similar within district 1 or dis-
trict 2 (Table 6). Districts 1 and 2 are groups of several 
farms located in 2 different areas of East Germany. 
Relatively large differences between both districts 
underline the known dependence of fertility traits on 
management conditions (Schwalbe, 1982, 1986). The 
F2 generation (Jersey × SR, inter se) showed the lowest 
number of days open in first lactation, followed by the 
J × SR (F1), and the inter se mating SMR × SMR (M2). 
There was a clear suggestion of positive fertility char-
acteristics for the Jersey breed and strong suggestion 
to advantageous heterosis.

Results in Growth Performances and Beef De-
velopment Ability. Maternal effects do play a role in 
several traits describing body weight and development 
(Panicke et al., 1985; Matthes et al., 1988). Heterosis 
effects of about 7% were found for body weight at 12 
mo for HF_SR. Positive heterosis effects on adult body 
weight and slaughter weight were also found for J_HF. 
Maternal effects of Jersey in rate of gain became 
distinctly negative for older ages. Additive effects for 
slaughter weight were about 24 kg greater in SR than 
in HF.

The HFV study showed that heterosis effects were 
favorable for stabilizing milk and growth performances 
and functional traits in SMR. Based on the experi-
mental design and approached methods of analysis, 
it can be concluded that there was no overestimation 
of additive and heterosis effects based on the simple 
dominance model. Models incorporating epistasis or 
recombination loss could provide more detailed infor-
mation for the long-term selection response, but the 
lack of sufficient backcrosses limited reliable results. 
Modeling epistasis is far from being a trivial concern 
and has been under focus in even more theoretically 
oriented research teams up to now (Melchinger et al., 
2007).

Individual Mating Plans for SMR in Later Generations

When combining breeds that differ in synthesis of 
products such as high MY in HF and high FC in Jersey, 
inferiority of the F2 generation relative to either back-
cross should be expected. Superior performance in both 
directions of synthesis cannot be realized in the F2 (or 
M2, in the case of 3 breeds, like SMR). The SMR breed 
was assumed to be a new breed, but based on the ori-
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gins of 3 consolidated breeds, there was a large genetic 
diversity in it. The focus was especially on suggest-
ing mating plans for prospective later generations of 
SMR, in which the heterosis effects normally decrease, 
specifically from 100% in M1 to 62.5% in M2. A large 
genetic distance of mates is likely the main enhancer of 
heterosis effects expressed at the level of the offspring. 
Heterosis effects can be managed by utilizing genetic 
distances between mates as Panicke et al. (1993) sug-
gested. The assumption was that a single offspring will 
become the more heterozygous at a large number of loci 
the more divergent the parents are in specific traits. 
Milk yield and FC are such genetically distant traits in 
dairy cattle. Breeding values (BV) of prospective dam 
and sire were suggested to be used for calculating the 
individual heterosis effect (het) of a targeted trait by 
means of a simple method, summarized by Wessely 
(1989):

hetijk = b1k |DMY| + b2k |DFC| + b3kDMYDFC,

where i = a prospective dam; j = the sire; k = the target-
ed trait (e.g., MY, fat yield, protein yield, FC, protein 
content, and further); and b1k … b3k = the regression co-
efficients for the use in calculating auxiliary heterosis 
effects (e.g., for protein yield) being the targeted trait; 
DMY and DFC are so-called divergence measures, which 
consider BV of sire j and dam i in MY and FC:

DMY = WMYi BVi − WMYj BVj

DFC = WFCi BVi – WFCj BVj,

where WMYi, WFCi, WMYj, and WFCj describe the assumed 
linear dependency of calculated daughters performance 
on the BV of dams (i) and sires (j), obtained from adapt-
ing a linear regression function. It represents a simple 
regression coefficient of MY and FC on the targeted 
trait (e.g., for protein yield). Redmann (1988) calcu-
lated and tested such regression coefficients by means 
of several very large and representative samples based 
on SMR data. As an example, an additional individual 
heterosis effect of +6.4 kg of protein and +4.8 kg of fat 
was estimated for a BV of a daughter, if the BV of a sire 
were +800 kg of milk and −0.7% fat and BV of a dam 
were −400 kg of milk and +0.4% fat (Wessely, 1989). 
In the model described previously, contribution of het-
erosis is assumed to be high, if the absolute parental 
BV differences in MY and FC are high. Panicke et al. 
(1993) suggested involving nonadditive effects in addi-
tion to the additive effects for predicting BV of daugh-
ters. In comparison to the use of additive effects only, 
the coefficient of determination increased by 13% for 
MY up to 53% for protein yield, respectively, when the 

additive and heterosis effects were weighted equally 
(Wessely, 1989; Panicke et al., 1993). Moreover, in 
greater production levels, predicted BV of a daughter 
based on additive and nonadditive effects agreed bet-
ter to the realized daughter performances than predic-
tions based on additive effects alone. The approach 
enables a comparison of the predicted outcome for any 
possible mating in a cow stock for selecting the most 
promising. It was incorporated in a computer program 
for individual planning of mating, based on selection 
index strategy, which was used in research and in a 
few farms for a short time (Panicke et al., 1993). Again, 
it should be emphasized that utilizing positive nonad-
ditive effects is just a bonus on top (Sorensen et al., 
2008) for improving production and functional traits. 
The priority of trait-specific additive effects in mating 
plans and selection has never been doubted.

INCORPORATING SMR INTO GERMAN HOLSTEINS

Two SMR cows show the heterogeneity of appear-
ance and characteristics (Figures 3 and 4). After the 
reunification of Germany in 1990, researchers and 
cattle breeders discussed how to integrate the SMR 
into the German dairy cattle landscape. Results of 
scientific studies guided the decisions (Schmidt, 1990), 
and rapid integration into the German Holstein popu-
lation was the method selected (Zelfel, 1990a,b, 1991). 
Several studies of SMR and HF in contemporary cow 
groups were carried out in Schadtbeck, West Germany 
(Gravert et al., 1990). Those studies revealed better 
fertility including calving ease, greater percentage of 
protein and fat in SMR, and about 7% lower MY, com-
pared with HF. The same tendency was found in 2 East 
German studies (Table 7) verifying the SMR superior-
ity in fertility and greater MY in HF. On the basis of 
the trend during the 1980s, production ability of SMR 
was expected to be 7,000 to 8,000 kg of milk in average 
milking cows, accompanied by much greater percent-
ages in fat and protein than HF (Oschika, 2002). But 
in practice, SMR cows did not reach the level of MY 
of West German Holstein cows. Pros and cons of gene 
preservation and optional methods of integrating SMR 
into the German Holstein breed were discussed (Wilke, 
1991; Mösenthin and Weiher, 1992). The SMR cows 
were known for their better environmental adaptabil-
ity and lower sensitivity against stress (Zelfel, 1990a), 
and the breed could have been of interest for breed-
ing purposes in suboptimal management and feeding 
conditions or organic farming. In East Germany, limi-
tations in forage and grain supplement disappeared 
almost overnight. Better environments generally lead 
to increasing genetic variance as shown by König et 
al. (2005) for modern large-scale dairy farms in East 
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Figure 3. Schwarzbuntes Milchrind der DDR breed cow Orange, male ancestors William × Profit, lifetime from March 18, 1986 to July 9, 
1998, 10 lactations completed, 3,185 d of use, life performance 75,323 kg of milk, 5.51% fat (photograph by I. Rossen, Nordhackstedt, 1995).

Figure 4. Schwarzbuntes Milchrind der DDR breed cow Waltraud, male ancestors Waterloo × Wanja, lifetime from May 12, 1981 to March 
21, 2000, 10 lactations completed, 4,245 d of use, life performance 106,782 kg of milk, 4.73% fat, 3.42% protein, 8,702 kg of fat + protein 
(photograph by R. Schuhmann, Dresden, 1995).



Germany. West German breeders complained about 
black legs in the SMR breed (Gravert et al., 1990). 
German Holsteins (HOL) have been developed by us-
ing HF sires of North American origin to grade up the 
native Black and White population in West Germany 
starting from 1958. Thus, at least 50% HF genes in the 
SMR produced a genealogic similarity of the Holstein 
population in West Germany and SMR. The HF sires 
were mated in corrective patterns to SMR cows to im-
prove MY and udder traits, whereas SMR sires were 
used to improve protein and FC and functional traits. 
Thus, the SMR population has been incorporated into 
the German Holstein breed by backcrossing to German 
Holsteins. It is no longer used in breeding programs as 
a separate breed.

TIME-RELEVANT CROSSING EXPERIMENTS

Rotational crosses are necessary if herds are to pro-
duce their own replacements without maintaining sep-
arate strings of purebred and crossbred cows (Swalve, 
2004). If suitable breed combinations can be found, 
rotational crosses are a good compromise between 
formation of a new breed and utilization of heterosis. 
An effective commercial cross will combine desirable 
additive effects for traits of major economic importance 
and positive heterosis to improve functionality in com-
mercial settings. But, a commercial cross cannot solve 
problems of herd management, such as climate control, 
availability of quality feed, and management conditions 
essential for good health and fitness. Individual mating 
plans have to be prepared and consequently respected 
in rotation crosses (Fischer et al., 2008). Swalve (2007) 
stated that 2 important questions for long-term cross-
breeding with HOL have remained unresolved so far, 

namely (i) the optimal design, when the dairy herd 
must produce its own replacements, and (ii) progeny 
testing individual bull of sire breeds for combining 
ability with HOL cows.

Several German crossing studies in dairy cattle 
were carried out before or simultaneously to the SMR 
breeding period (Averdunk, 1975; Fewson et al., 1975; 
Kräußlich, 1975; Kögel et al., 1978; Distl et al., 1990). 
Most of them focused on commercial crossings with 
beef cattle. In the following, we will concentrate on the 
motivation of some new ongoing crossing experiments 
and on their preliminary results. Because much of 
this work is in progress, only an initial evaluation of 
findings is possible at this time. The experiments can 
only be evaluated after a thorough economic analysis 
that includes all performance indicators and all cows, 
including calving history and development and fertility 
in second lactation and all culling reasons of the cows 
involved in the experiment.

Recent Crossing Experiment with HOL and Jersey

In Saxony, a large experiment crossing Jersey sires 
with German Holstein cows is underway, and prelimi-
narily results from 540 F1 cows are available (Waurich, 
2007). The aim of this experiment is mainly to exploit 
the genetic distance between Jersey and Holstein 
populations. First results in F1 cows showed improved 
fertility traits. Brade et al. (2007) and Waurich (2007) 
reported considerably better results in all fertility 
parameters, calving ease, and fewer calving losses in 
F1 cows compared with contemporary pure HOL cows. 
The F1 cows also displayed greater contents of milk fat 
and milk protein and lower MY (Table 8). Somatic cell 
score was lowest in HOL, followed by F1 cows (Wau-
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Table 7. Mean performances in production traits and fertility from different studies: a comparison of breeds at the end of SMR period 

Breed1

First lactation performances Functional traits varying among studies

Number

Milk  
yield  
(kg)

Fat  
yield  
(kg)

Fat  
content  

(%)

Protein  
content  

(%) Number
Service 
period

In  
lactation 12

In  
lactation 22

Schönmuth (1992)
 HF 77 7,358 302 4.13 3.37 100 78 2.8 2.7
 SMR 93 6,701 303 4.56 3.59 115 72 2.5 2.3
 Danish BW 71 7,085 285 4.04 3.38 101 80 2.5 2.3

Freyer et al. (1999)

Service 
period

In  
lactation 12

Days  
open

 SMR 796 5,206 226 4.37 3.51 748 66.7 1.74 95.5
 HF 280 5,810 244 4.23 3.37 236 82.2 1.44 123.3
 SR 645 4,647 184 3.97 3.47 424 71.8 1.60 106.7
1BW = Black and White cattle; HF = Holstein-Friesian cattle; SMR = Schwarzbuntes Milchrind der DDR breed; SR = native Black and White 
cattle population in East Germany.
2Average number of services per pregnancy.



rich, 2007). Despite positive heterosis effects, Waurich 
(2007) did not find absolute superiority of F1 cows over 
HOL in MY, fat yield, and protein yield, but he found 
superiority of F1 cows in FC and protein content, de-
spite missing heterosis effects. The demand in food en-
ergy in megajoules of NEL per kilogram of milk protein 
was somewhat greater in HOL (Brade et al., 2007).

Crossbreeding Experiment with Brown Swiss  
and HOL

The goal of a crossbreeding experiment with Brown 
Swiss (BS) and HOL, called the Iden crossbreeding 
experiment, is to breed high-yielding and healthy cows 
that are fertile and easy to manage, without demand-
ing mating plans (Fischer et al., 2008). The experiment 
is currently being carried out in cooperation with the 
Martin Luther University Halle (Swalve, 2007). In the 
HOL herds of Saxony-Anhalt, where the experimental 
station Iden is located, the average annual milk pro-
duction increased by 2,400 kg of milk during the last 
10 yr, with a simultaneous increase of 26 d in calving 

intervals and a decrease in productive life from 3 to 
2.4 yr. Thus, the crossing experiment was initiated to 
improve functional traits. Sires of the BS breed were 
chosen because BS is a milk-emphasized dual-purpose 
breed in Germany and shows desirable functional 
characteristics. At least 5 F1 daughters from each of 
the 10 BS sires were included in the analysis. Early 
results from a crossbred group of BS × HOL and HOL 
cows are in Table 9. The F1 cows reached almost the 
same MY as HOL cows, accompanied by significantly 
greater contents of fat and protein (P < 0.05). Further 
advantages of F1 cows were related to fertility and 
health. Stillbirth rate was less than in HOL by about 
2% (results not shown). Calves of commercial crosses 
were vital, robust, and developed easily. Udder depth 
and measures of teats of F1 cows came closer to the 
demands for machine milking than those of HOL cows. 
The F1 cows had fewer problems with udder health, 
and cows treated for mastitis required fewer days of 
discarded milk than HOL. But, F1 cows showed sev-
eral disadvantages as well. Their energy intake was 
significantly greater than in HOL. This implies less 
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Table 8. Least squares means and standard error for selected milk traits, general traits, and somatic cell score (SCS), and amount of 
heterosis of Holstein, Jersey, and F1 crosses in a current trial in Saxony (Waurich, 2007) 

Traits

Holstein (n1 = 28,065) Jersey (n = 57) F1 (n = 469)
Heterosis  

(%)Mean SE Mean SE Mean SE

Milk yield (kg) 8,435 31.6 6,151 267 7,755 98 6.32

Persistency3 (%) 65.77 0.025 60.82 0.4 61.47 0.027 −2.9
Fat content (%) 4.12 0.011 5.80 0.092 4.75 0.034 −4.2
Protein content (%) 3.41 0.005 4.00 0.038 3.67 0.014 −0.9
Number of services per pregnancy 1.80 0.014 1.70 0.100 1.67 0.041 −4.62

Culling rate in first lactation (%) 19.00 0.015 17.87 0.349 18.87 0.119 2.4
SCS 3.045 0.082 3.200 0.188 3.170 0.093 1.6
1Number of animals.
2Indicates advantageous heterosis effects in F1.
3Persistency is the relation of the second 100 d of milk performance and the first 100 d of performance within lactation.

Table 9. Preliminary results from a crossing experiment of Brown Swiss (BS) and German Holstein (HOL) 
within a milking period of July 2005 to January 2008 comparing F1 cows and HF cows in lactations 1 and 
21 

Item F1 (BS × HOL) HOL

Number of records 50/46 45/40
Daily milk yield (kg) 30.0/39.7 30.6/40.7
Fat content2 (%) 4.16/4.14 3.97/3.98
Protein content2 (%) 3.67/3.51 3.52/3.41
Days open 89.1/120.4 106.8/128.2
Mean number of services per conception 1.84/1.93 2.00/2.23
Lameness – days of treatment 59/63 50/87
Height of udder floor (cm) 52.7 58.3
Mean milking per minute (kg/min) 1.91/2.00 2.07/2.38
Days of discarding milk (per cow with udder treatment) 6.8/7.9 10.1/12.7
11/2, reported by Fischer et al. (2008).
2Unadjusted.



food efficiency given similar yields in fat and protein. 
The F1 cows showed a better persistency (measured as 
relation of absolute MY in d 101 to 200 and d 1 to 100). 
More cases of lameness in first lactation were observed 
in F1 cows (not tested statistically yet), but no differ-
ences were noticed in second lactation.

Crossbreeding Experiment Based  
on Swedish Red and Holstein

Swalve (2007) reported an ongoing crossbreeding 
experiment using Swedish Red bulls and BS bulls on 
a large organic farm in Brandenburg, where the aver-
age milk production per cow and lactation is around 
7,500 kg. The crossing groups Swedish Red × HOL and 
BS × HOL comprised 110 and 96 cows, respectively. 
The breeding strategy is a 3-way rotational cross. Pre-
liminary results showed that Swedish Red × HOL cows 
were distinctly and significantly advantageous over 
the other breed groups for most of the traits but not for 
protein content and not for somatic cell score (Swalve, 

2007). Survival losses were lowest in Swedish Red × 
HOL, whereas BS × HOL was not better than purebred 
HOL. Both crossbred groups were superior to HOL for 
the number of services per conception. Results of this 
experiment thus far suggest that a specific combining 
ability may not only exist for a specific cross but could 
be important for individual bulls (Swalve, 2007), cor-
responding to the suggestion to individual planning 
of mating (Panicke et al., 1993). The crosses are being 
studied for their merit as dual-purpose (meat-milk) 
animals, meaning an additional component for com-
parison in this study. An example to include heterosis 
from different breeding designs on economic merit of a 
breeding system is shown below.

Economic Aspects of Crossbreeding in Germany

Reports of crossbreeding as summarized in this 
review have shown evidence of favorable heterosis 
for several traits. In the following part, the economic 
gain of a crossbreeding system in 1 region of North-
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Table 10. Population parameters for production and functional traits for German Holstein (HOL), Brown Swiss (BS), and F1 HOL × BS 
crosses and prices for delivered milk as used in the modeling of breeding scenarios 

Breed

Production traits Functional traits

Milk (kg) Fat (%) Protein (%) Price1 (€/kg)
Productive life  

(no. of lactations)
Replacement 

rate (%)
Calving 

interval (d)
Calving 
rate (%)

HOL 7,894 4.14 3.37 0.3104 2.48 35.7 398 91.7
BS 6,440 4.18 3.59 0.3211 3.11 25.0 411 88.8
F1 7,525 4.16 3.48 0.3157 3.07 27.4 367 99.4
Heterosis (%) 5 0 0 9 9 9 5
1Payment system for milk: base price 0.28€/kg (3.70% fat and 3.40% protein) + 0.0256€ per percentage of fat >3.7% fat + 0.0409€ per percent-
age of protein >3.4% protein + 7% turnover taxes.

Table 11. Population parameters for the number of milking cows, lactations, disposals, replacements, and 
calves for sale for 3 breeding scenarios involving the 3 breeds: German Holstein (HOL), Brown Swiss (BS), 
and Charolais (CH) 

Item

Breeding system1

Difference (C − B)A B C

Cows HOL, n 100,000 100,000 75,472
Cows F1 (HOL × BS), n 23,634
Total cows, n 100,000 100,000 99,106 −0.09%
Lactations, n 91,700 91,700 92,706 +1.0%
Disposals, n 32,737 32,737 31,146 −4.8%
Fat (Mio·kg) 30.0 30.0 30.0 0.0%
Replacements/a, n 32,737 32,737 31,146 −4.8%
Slaughter cows, n 32,737 32,737 31,146 −4.8%
Calves for sale, n
 Male terminal crosses 8,528 10,572 +23.9%
 Female terminal crosses 8,528 10,572 +23.9%
Male purebred 41,265 32,737 31,146 −4.9%
Female purebred 8,528
1A = purebred HOL milking cows and progeny; B = purebred HOL milking cows and fractions of crossbred 
calves from CH bulls for slaughtering; C = purebred HOL and crossbred HOL × BS (F1) cows for milk pro-
duction and fractions of calves from CH bulls (F1 × CH) for slaughtering.



west Germany will be evaluated and compared with 
purebred Holsteins utilizing current phenotypic and 
genetic parameters, as well as current market values 
for a population of 100,000 cows. An algorithm using a 
deterministic approach was developed to estimate the 
potential benefit of crossbreeding (König and Simianer, 
2005). A milk quota system for a fixed fat quota of 30 
million kg of fat for different mating systems involv-
ing the 3 breeds: HOL, BS, and Charolais (CH) beef 
cattle was chosen. The scenario for purebred HOL cows 
served as a base scenario (scenario A). In scenario B, a 
fraction of the HOL cows were mated to CH bulls to pro-
duce terminal crosses for slaughtering. This required a 
redistribution of calves for sale to ensure sufficient re-
placements for purebred milking HOL cows. Scenario 
C was a 3-way discontinuous cross. A first generation 
of F1 cows for milk production was generated from 
matings of BS bulls to purebred HOL cows. Animals 
(F2) for slaughtering were 3-way crosses with CH used 
as a terminal cross sire breed. The restriction in this 
scenario required replacements for purebred Holstein 
cows as well as for the F1 cows. Population parameters 

(Table 10) were used to model such a symbiotic system 
(Figure 5; i.e., to ensure the replacements and to fulfill 
the fixed fat quota). The essential steps in system C are 
as follows: a calving rate of 91.7% implies 34,706 fe-
male calves from purebred HOL cows per year. Exactly 
24,709 of these calves (purebred HOL) must be used to 
replace the disposals within the HOL population. Due 
to 10% of calves born dead, only 6,473 crossbred female 
calves (HOL × BS) are available from matings to BS 
bulls and are used to replace the disposals within the 
population of 23,634 milking HOL × BS cows. The F1 
cows are consequently mated to CH bulls to produce 
terminal crosses for slaughtering. Hence, the sug-
gested system ensures the utilization of 100% effects 
of heterosis as indicated in Table 10 for all crossbred 
cows, and further losses in following generations due 
to recombination do not exist. System B considers the 
same restrictions as described for system C (i.e., the 
replacements of HOL cows) and the fulfillment of the 
fixed fat quota. Population parameters for breeding 
scenarios A, B, and C are summarized in Table 11. Sys-
tem C allows a fraction of 25% milking HOL × BS cows 
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Figure 5. Breeding scenario for a population-wide point of view (100,000 cows) when considering the restrictions of the fulfillment of a 
fixed fat quota of 30,000 kg and the replacements for purebred Holstein-Friesian (HF) and crossbred HF × BS (Brown Swiss) cows. 



when ensuring the replacements for purebred HOL 
and HOL × BS as well. Favorable heterosis of 9% for 
productive life and replacement rates reduced replace-
ment rates by 4.8% compared with systems A or B. 
Favorable heterosis for the calving rate (5%) in system 
C increased the number of marketable crossbred calves 
for slaughtering by 23.9%.

Profit of system C compared with the purebred 
system A for different percentages of heterosis for 
functional traits in the F1 (HOL × BS cows) was calcu-
lated by subtracting aggregated costs from aggregated 
income. The comparison of all 3 systems assumes the 
sale of surplus male and female calves for slaughtering. 
Prices for purebred female HOL and F1 were assumed 
to be 52€ and 117€ for male HOL and F1. Prices for 
female and male crossbred calves from CH were 93€ 
and 165€, respectively. Prices for slaughter cows were 
350€, and the marginal revenue for 1 kg of milk was 
considered to be 0.20€. Costs for raising a heifer were 
1,150€. The economic advantage of system C varied 
in the range from 83 to 132€ for heterosis effects of 0 
and 9%, respectively. The greater profit of crossbreed 
system C arises from lower replacement costs and 
greater prices for slaughter calves from CH sires. The 
suggested crossbreed system C uses the full effects of 
direct and maternal heterosis in the milking F1 and the 
full effects of direct heterosis in the terminal crosses. 
System C implies genetic uniformity, and no recombi-
nation losses within the milking herd compared with 
other crossbreed alternatives such as rotations.

CONCLUDING REMARKS

Current studies on crossbreeding in dairy cattle 
in Germany have a different purpose than the work 
in East Germany that led to a new breed, SMR. The 
primary purpose behind the search for new ways to 
breed dairy cattle is the need to harmonize demands 
for high milk production with fertility and health 
(Staufenbiel et al., 2005). Intensive selection for high 
MY over several decades must consider fitness traits to 
be successful even longer. Contrary to MY, heritability 
is low for fertility traits. It is difficult to select on milk 
production, longevity, and fertility simultaneously. The 
use of properly constructed selection indices involving 
traits of interest, by means of a balanced breeding goal, 
suggests a successful way to improve production and 
functional traits (Walsh et al., 2007).

Crossbreeding could be an effective way to improve 
functional traits as many examples have shown, but 
crossbreeding alone will achieve limited success unless 
genetic progress for all economically important traits 
continues within pure breeds utilized in crossbreed-
ing. Depending on the breeding goal, specific traits 

can be improved by nonadditive genetic effects or by 
introgression of alleles from a different breed used for 
grading up the base population, or both. But, the ques-
tion is whether or not these effects within a cross are 
large enough. Crossbreeding is suggested to be more 
sensitive against unexpected risks on the long-term. 
The production level of SMR and the breeds used to 
create it were low compared with current dairy cattle 
populations. This fact and the restricted management 
conditions could be considered a guarantee that the ad-
ditive and nonadditive effects on milk traits estimated 
by the simple dominance model using the HFV data 
were not biased by large effects causing overestima-
tion. Favorable heterosis effects on secondary traits 
have been reported of up to 8 or 9%, in both historic 
and in recent studies. As could be shown by the studies 
cited, crossbred groups and SMR itself were superior 
to purebreds in fertility traits and length of productive 
life. These traits affect economics of milk production 
considerably, and breeders have to decide individu-
ally if there is need to pay special attention to them. 
Confirming results obtained by a large number of 
studies based on Holstein-Friesian and Jersey breeds, 
and other breeds suited as potential crossing partners 
for German Holstein, do not mean that the research 
on such crosses has been completed. Genome analysis 
in combination with advanced statistical genetics will 
help to reveal the inherent mechanisms of heterosis. A 
concise and successful use of heterosis effects on pro-
duction traits in new breeds established by crossbreed-
ing will be possible when these mechanisms are more 
fully understood.

Heterosis effects in crosses of dairy breeds can be of 
importance, perhaps especially in lifetime economic 
comparisons. Breeding organization and managing 
breeding plans are more demanding when these effects 
should be exploited systematically, because recombina-
tion loss could occur in a consolidated crossbreed, but 
not in commercial crossings. If farmers used purebred 
bulls in a rotational system, there is a constant rein-
troduction of intact haploid genotypes from the various 
breeds. Experienced breeders in Germany state that 
they prefer purebred Holstein cattle, given that breed-
ing organization and management are well controlled 
and detrimental effects of inbreeding are minimized. 
This attitude is doubtlessly based on the current de-
mand and economic considerations. The genetic antag-
onism between milk production and functional traits 
is not that high (Swalve, 2007). Health, fertility, and 
longevity traits respond well to improved management, 
even under high production. This relation reflects the 
magnitude of antagonism. In different (or suboptimal) 
conditions, targeting crossbreeding would be of greater 
advantage.
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