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ABSTRACT: Three-breed crossbred cows (n = 63) and 
Holstein-sired crossbred cows (n = 83) were compared to 
pure Holstein cows (HO; n = 132) for first-service concep-
tion rate, days open, 305-d fat plus protein production, and 
SCS during their first 3 lactations.  Cows were housed at 
the University of Minnesota West Central Research and 
Outreach Center, Morris, Minnesota, a seasonal-pasture 
herd, and calved from March 2007 to May 2013.  The 3-
breed crossbred cows had 30 fewer days open and the Hol-
stein-sired crossbred cows had 21 fewer days open com-
pared to pure HO cows during the first 3 lactations. Across 
the first 3 lactations, the 3-breed crossbred (493 kg) cows 
and Holstein-sired crossbred (501 kg) cows were not differ-
ent from pure HO (493 kg) cows for fat plus protein pro-
duction.  Crossbred cows and pure HO cows were not dif-
ferent for SCS during the first three lactations.   
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Introduction 
 

Crossbreeding of dairy cattle is a topic of growing 
interest around the world because of dairy producer con-
cerns regarding calf survival, cow fertility, and cow health 
of Holstein cattle (Weigel and Barlass, 2003).  Over the 
past decade, Jersey was often the first breed of choice for 
crossbreeding with the Holstein breed in the United States 
because the Jersey breed has the second largest number of 
cows among the pure breeds in the United States.  Recent 
crossbreeding research has focused on the performance and 
profitability of Jersey, Brown Swiss, Normande, Montbé-
liarde, and Scandinavian Red sires mated to Holstein cattle 
(Heins and Hansen, 2012; Heins et al.; 2012a, Dechow et 
al., 2007).  However, dairy producers must decide how to 
mate the 2-breed crossbred, and some have chosen to back-
cross to one of the parent breeds.  Others have chosen to 
implement a 3-breed rotational crossbreeding system.  The 
use of 3 breeds maintains higher average levels of heterosis 
across generations than a 2-breed crossbreeding system.  
Few studies have evaluated performance of the 3-breed and 
third generation Holstein-sired crossbred cows under vari-
ous management systems.  Therefore, the objectives of this 
study were to determine differences between 3-breed cross-
breds, third generation Holstein-sired crossbreds (5/8 Hol-
stein), and pure Holstein cows for fertility, production, and 
SCS during their first three lactations in a seasonal-pasture 
production system. 
 

Materials and Methods 
 

Background and data.  The West Central Re-
search and Outreach Center, Morris, Minnesota, has a low-
input, seasonal grazing facility that houses 180 cows.  Cows 
are fed a TMR diet during the entire year; however, cows 
consume 40% of their diet from pasture during May to Oc-
tober.  Crossbreeding began in December 2000 with the 
mating of 50% of pure Holstein cows and heifers to Jersey 
AI sires and the other 50% to Holstein AI sires. All of the 
resulting Jersey×Holstein crossbreds were mated to Mont-
béliarde bulls to initiate a 3-breed rotational system for 
crossbreeding.  Subsequently, in 2002, some multiparous 
Holstein cows were mated to Montbéliarde bulls to provide 
comparison of Holstein and Montbéliarde×Holstein cross-
breds.  Initially, the Montbéliarde×Holstein were mated to 
Jersey bulls; however, recently the Montbéliarde×Holstein 
cows were mated to Swedish Red bulls, based on shortcom-
ings of the Jersey breed in a confinement rotational cross-
breeding system (Heins et al., 2011).   

 
Three AI bulls were selected annually based on 

high ranking with the Net Merit index (Holstein and Jersey) 
or with the French ISU total merit index (Montbéliarde).  
Inbreeding coefficients were not allowed to surpass 6.25% 
for matings of Holstein heifers and cows with Holstein 
sires.  Calving dates, breeding dates, disposal dates, and 
results of pregnancy via ultrasound were recorded for cows 
calving from March 2007 to May 2013.  Monthly test day 
production information was also collected by the dairy.   

 
Statistical analyses. Three-breed crossbred cows 

(Montbéliarde × Jersey × Holstein and Jersey × Montbé-
liarde × Holstein, n = 47); and Holstein-sired crossbred 
cows (Holstein × Montbéliarde × Jersey × Holstein and 
Holstein × Jersey × Montbéliarde × Holstein, n = 69) were 
compared to pure Holstein cows (HO; n = 100) for first-
service conception rate and days open. First-service concep-
tion rate was recorded in a binary manner as either con-
ceived or not conceived at first service. 

 
Days open was measured as actual days open for 

cows that had a subsequent calving or had pregnancy status 
confirmed by a veterinarian.  To be included in the analysis, 
cows were required to have had at least 250 days in milk.  
A lower limit of 35 days open was applied, and cows with 
more than 250 days open had days open set to 250 days.  
The maximum of 250 days open is used by the Council on 



Dairy Cattle Breeding for routine genetic evaluations for 
fertility in the United States (VanRaden et. al., 2004). 

 
Three-breed crossbred cows (n = 63) and Holstein-

sired crossbred cows (n = 83) were compared to pure HO 
cows (n = 132) for 305-day fat plus protein production and 
SCS during their first three lactations.  Monthly test-day 
observations for twice-daily milking from milk recording 
were used to estimate production. Best Prediction (Cole et 
al., 2009) was used to calculate actual production (milk, fat, 
and protein) for 305-day lactations.  Adjustment was made 
for age at calving and previous days open, and records less 
than 305 days were projected to 305 days.   

 
Cows in the seasonal-pasture herd calved mostly 

in the spring.  Season of calving was defined as spring 
(March to June) or fall (September to December).  Inde-
pendent variables for statistical analysis of first-service 
conception rate, days open, fat plus protein production, and 
SCS were the fixed effects of season of calving, genetic 
group (HO, versus 3-breed crossbred versus Holstein-sired 
crossbred), parity nested within genetic group, and cow 
nested within genetic group, which was a random effect.  
The MIXED procedure of SAS (SAS Institute, 2013) was 
used for the analysis of variance and to obtain solutions. 

 
Results and Discussion 

 
First-service conception rate. Table 1 shows 

first-service conception rates for crossbred cows and pure 
HO cows during their first three lactations.  During first and 
second lactation, all crossbred groups had numerically 
higher first-service conception rates compared to pure HO 
cows.  The Holstein-sired crossbred cows (+0.13) in first 
lactation and both crossbred groups (+0.18) in second lacta-
tion tended (P < 0.10) to have higher first-service concep-
tion rates than pure HO cows.   

 

 

Days open. Table 2 has means and standard errors 
for days open.  During first lactation, pure HO cows had 
mean days open of 150 days, and the 3-breed crossbred 
cows (111 d) and Holstein-sired crossbreds (125 d) had 
significantly (P < 0.05) fewer days open than pure HO 
cows during first lactation.  During second lactation, the 
days open for the pure HO cows increased dramatically to 
162 days, and the 3-breed crossbred (P < 0.05) and Hol-
stein-sired crossbreds (P < 0.10) had a three  to four week 
advantage for days open compared to the pure HO cows.  
Although not statistically significant, all crossbred groups 
had numerically fewer days open during third lactation than 
pure HO cows.  In recent crossbreeding research (Heins et 
al., 2008; Heins and Hansen, 2012; Heins et al, 2012b), 
first-calf HO heifers averaged 150 days open, which is 
comparable to the days open for first-calf pure Holsteins 
found in the seasonal-pasture herd in this study.   

 

 
Antagonism of fertility and milk production is well 

documented, and research has reported substantial genetic 
correlation (0.30 to 0.35) between days open and milk pro-
duction (VanRaden et al., 2004).  The crossbred groups in 
this study had fewer days open than pure HO cows; there-
fore, crossbred cows had an advantage in reducing income 
losses because of days open.  

 
Production and somatic cell score. Table 3 has 

results for fat plus protein production.  The 3-breed cross-
bred cows and Holstein-sired crossbred cows had similar fat 
plus protein production compared to pure HO cows during 
all three lactations.  Across the first 3 lactations, the 3-breed 
crossbred (493 kg) cows and Holstein-sired crossbred (501 
kg) cows were not different from pure HO (493 kg) cows 
for fat plus protein production. 

 

Table 1.  Least squares means and standard errors for 
first-service conception rate by lactation for crossbred 
cows and pure Holstein cows. 
 Parity 
 1 2 3 
Breed 
group Mean s.e. Mean s.e. Mean s.e. 
Pure Hol-
stein 0.42 0.1 0.35 0.1 0.49 0.1 

3-breed 
crossbred 0.51 0.1 0.53† 0.1 0.48 0.1 

Holstein-
sired 
crossbred 

0.55† 0.1 0.53† 0.1 0.29 0.1 

† P < 0.10 for contrast of difference within column from 
pure Holstein. 

Table 2.  Least squares means and standard errors for 
days open (d) by lactation for crossbred cows and pure 
Holstein cows. 
 Parity 
 1 2 3 
Breed 
group Mean s.e. Mean s.e. Mean s.e. 
Pure Hol-
stein 150 7.5 162 10.6 143 18.3 

3-breed 
crossbred 111* 11.9 130* 13.5 125 17.6 

Holstein-
sired 
crossbred 

125* 9.0 136† 12.0 131 19.7 

* P < 0.05 for contrast of difference within column  from 
pure Holstein. 
† P < 0.10 for contrast of difference within column  from 
pure Holstein. 



Table 4 has results for somatic cell score of cross-
bred cows compared to pure HO cows.  During first lacta-
tion, the 3-breed crossbred cows had significantly (P < 
0.05) higher SCS than pure HO cows (3.25 vs. 2.85, respec-
tively).  Means for SCS were not significantly different for 
crossbred cows compared with pure HO cows during se-
cond and third lactation.  The 3-breed crossbred cows may 
have had higher SCS during first lactation because of the 
higher percentage of Jersey genetics in the 3-breed cross-
bred cows.  Jersey cattle have a higher breed average for 
SCS than HO cattle in the United States, which likely con-
tributed to the increase in SCS of the 3-breed crossbred 
cows in first lactation.   

 

 
 
 
 
 
 

Conclusion 
 
Reproductive performance has been overlooked by 

many when comparing purebreds and crossbreds.  For this 
study, crossbred cows had fewer days open and similar fat 
plus protein production compared with pure HO cows, and 
these advantages for crossbreds should have substantial 
impact on profitability of dairying.  In this seasonal-pasture 
herd, Holstein-sired crossbred offspring from a 3-breed 
crossbred dam had similar production and superior fertility 
compared to pure HO cows.  Therefore, mating 3-breed 
crossbreds to Holstein bulls may have advantages in a rota-
tional crossbreeding system.  Three distinct breeds is likely 
optimum for a rotational crossbreeding system.   
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Table 3.  Least squares means and standard errors for 
fat plus protein (kg) by lactation for crossbred cows and 
pure Holstein cows. 
 Parity 
 1 2 3 
Breed 
group Mean s.e. Mean s.e. Mean s.e. 
Pure Hol-
stein 439 5.5 504 6.7 536 11.2 

3-breed 
crossbred 429 8.6 519 9.3 532 11.7 

Holstein-
sired 
crossbred 

449 6.7 520 8.4 534 10.8 

 

Table 4.  Least squares means and standard errors for 
somatic cell score by lactation for crossbred cows and 
pure Holstein cows. 
 Parity 
 1 2 3 

Breed 
group Mean s.e. Mean s.e. Mean s.e. 
Pure Hol-
stein 2.85 0.1 2.77 0.1 3.12 0.2 

3-breed 
crossbred 3.25*  0.2 2.57 0.2 2.90 0.2 

Holstein-
sired 
crossbred 

2.88 0.1 2.82 0.1 3.37 0.2 

* P < 0.05 for contrast of difference within column 
from pure Holstein. 
 


