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The use of dairy x dairy crossbreeding as a breeding strategy has increased in Sweden, which has 

led to an increase of Brown Swiss, Jersey and Montbéliarde crosses. Multiple studies have been 

done on Montbéliarde and Jersey crossbreds in the USA but to our knowledge, no such study has 

been done on Swedish data. This study aimed to compare two-way crosses, three-way crosses and 

backcrosses between Holstein (H), Swedish Red (R), Jersey (J), Montbéliarde (M) and Brown Swiss 

(B) to purebred H, R and J for fertility, calving, production and survival traits.     

There were 2 750 949 observations and 7 390 herds included in this study for cows that calved 

between 2005-01-01 and 2020-12-30. The records were collected from Växa´s cattle database. The 

data were separated into two groups, lactation 1 and lactation 2-3, and analysed by using a mixed 

linear model.  

The J crosses (JH, JR, HxJR, JxHR, RxJH) (sire x dam) were significantly better or similar to J for 

all traits and for fertility traits were J crosses better or similar compared with H and R. For production 

traits MH was similar or better than H and R and for calving traits and survival MxHR was better 

than H.     

Keywords: Crossbreed, Holstein, Montbéliarde, Jersey, Fertility, Production 

Användningen av korsningsavel mellan mjölkkoraser har ökat i Sverige vilket har lett till ett ökat 

antal Brown Swiss-, Jersey- och Montbéliarde-korsningar. Flertalet studier har gjorts i USA på 

Montbéliarde- och Jersey-korsningar och såvitt vi vet har ingen liknade studie gjorts där svenska 

data har använts. Syftet var att jämföra tvåvägs-, trevägs- och återkorsningar mellan Holstein (H), 

Svensk Röd (R), Jersey (J), Montbéliarde (M) och Brown Swiss (B) mot renrasiga H, R och J för 

fertilitets-, kalvnings-, överlevnads- och produktionsegenskaper.  

I studien ingick det 2 750 949 observationer och 7 390 besättningar från kor som kalvade mellan 

2005-01-01 till 2020-12-30 och data är hämtade från Växas kodatabas. Statistiska analyser gjordes 

med hjälp av en blandad linjär modell för alla egenskaper separat för laktation 1 och laktation 2-3. 

Studien visade att J-korsningar (JH, JR, HxJR, JxHR, RxJH) (fader x moder) var signifikant bättre 

eller lika bra som renrasig J för alla egenskaper och för fertilitetsegenskaper även jämfört med 

renrasig H och R. När produktionsegenskaperna jämfördes var MH bättre eller lika bra som H och 

R. För kalvningsegenskaper och överlevnad var MxHR signifikant bättre än H.     

Nyckelord: Korsningsavel, Holstein, Montbéliarde, Jersey, Fertilitet, Produktion 
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Crossbred dairy cows are increasing in Sweden. The two most common dairy cow 

breeds in Sweden are Holstein and Swedish Red and 9% of all calves born in 2020 

were crossbred, either Holstein x Swedish Red or Swedish Red x Holstein (Växa 

2021). The proportion of calves from these crosses was 7.5% of all calves that were 

born in 2013 (Växa 2014). VikingGenetics promotes two rotational crossbreeding 

systems: ProCross and GoldenCross. ProCross is a cross between Holstein, Viking 

Red and Montbéliarde and the GoldenCross is a cross between Holstein, Viking 

Red and Jersey (VikingGenetics n.d.). Viking Red is the name VikingGenetics uses 

for the breeds Swedish Red, Danish Red and Finnish Ayrshire (Fikse1, personal 

communication). Records from Växa’s cattle database show that ProCross came to 

Sweden in the 2000s, which contributed to an increased use of Montbéliarde sires. 

Both Jersey and Brown Swiss are also being used in Swedish crossbred dairy cows. 

Even though Montbéliarde, Jersey and Brown Swiss crossbreds are increasing in 

Sweden, no analysis has been done on their performance compared to purebred 

Holstein or Swedish Red. However, Swedish Red, Holstein x Swedish Red and 

Swedish Red x Holstein have been compared to purebred Holstein for functional 

traits and production traits (Jönsson 2015).  

Multiple studies of Montbéliarde crossbreds have been done in the USA. The 

studies found that the Montbéliarde crossbreds had improved fertility and better 

survival than purebred Holstein (Heins et al. 2006b; Hazel et al. 2020a; Hazel et al. 

2020b). One reason for crossbreeding is to improve low heritability traits since 

heterosis generally has a bigger effect on low heritability traits than on high 

heritability traits (Oldenbroek & van der Waaij 2015). The expected heterosis for 

fertility is 10% and for production, 3% (Sørensen et al. 2008).  

This study aims to compare two-way crosses, three-way crosses and backcrosses 

between Holstein, Swedish Red, Jersey, Montbéliarde and Brown Swiss to 

purebred Holstein, Swedish Red and Jersey. The main focus was on two-way and 

three-way crosses between Holstein, Swedish Red and Jersey or Montbéliarde. The 

traits used in this study were related to fertility, calving, production and survival. 

The hypothesis was that the crossbreds will perform better than the purebreds.    

 
1 Freddy Fikse, Geneticist, Växa, 2022-05-03   

1. Introduction 
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2.1 Crossbreeding systems  

When two purebreds are crossed that is known as a two-way cross and the offspring 

is known as F1 (first generation). A three-way cross is when the F1 is crossed with 

a third purebred, which gives the F2 (second generation). A two-way or three-way 

cross can be rotational, meaning that the F1 or F2 is mated to one of the previously 

used breeds and then this is alternated for each generation (Oldenbroek & van der 

Waaij 2015). They can also be terminal crosses meaning that the F1 or F2 will not 

produce replacement heifers (Khatib 2015). A backcross is when an F1 is crossed 

with one of the parental breeds (Oldenbroek & van der Waaij 2015).  

2.1.1 Heterosis 

The expected heterosis for two-way rotational crossbreds is 100%, 50% and 75% 

for F1, F2 and F3 (third generation) respectively (Oldenbroek & van der Waaij 

2015). According to Quenon & Magne (2021) the expected heterosis for three-way 

rotational crossbred is 100%, 100%, 75%, 87.5% and 87.5% for first to fifth 

generation, respectively. After multiple generations of two-way rotational 

crossbred the maintained heterosis is 67% and for three-way rotational crossbred 

the maintained heterosis after multiple generations is 86% (Sørensen et al. 2008). 

2.2 Fertility traits 

Crossbreeding has generally a favourable effect on fertility traits like first service 

conception rate, overall conception rate, days open, number of inseminations and 

calving to first insemination. In Jersey x Holstein had fewer days open and fewer 

days from calving to first insemination compared to Holstein (Heins et al. 2012). 

Heins et al. (2008) found no difference in days open and McClearn et al. (2020) 

found that calving to first insemination was longer for Jersey x Holstein compared 

to Holstein (  

2. Literature Review 
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Table 2).  
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Table 1 the results from Hazel et al. (2017, 2020a) and Heins et al. (2006b) are 

presented. There are multiple values for Holstein even though they are from the 

same reference and the reason for this was that they were compared within herds 

and lactations.  

Hazel et al. (2020a) study found that Montbéliarde x (Viking Red x Holstein) (sire 

x (maternal grandsire x maternal granddam)) had a higher first service conception 

rate, a higher overall conception rate and shorter days open in first to the third 

lactation compared to Holstein. Montbéliarde x Holstein (sire x dam) had a higher 

first service conception rate, higher overall conception rate and shorter days open 

from first to the second lactation than Holstein. First service conception rate was 

higher and days open was lower for Montbéliarde x Holstein in the third lactation 

compared to Holstein. Viking Red x (Montbéliarde x Holstein) had a higher overall 

conception rate in first to the third lactation and fewer days open in first and second 

lactation compared to Holstein. The third-generation rotational crossbreds were 

called Holstein-sired crossbred, meaning that a three-way crossed dam of either 

Viking Red x (Montbéliarde x Holstein) or Montbéliarde x (Viking Red x Holstein) 

was mated with a Holstein sire. There were no significant differences between 

Holstein-sired crossbreds and Holstein for the traits first service conception rate, 

overall conception rate, days open and number of inseminations. 

The percentage of cows that calved again within 14 or 17 months was significantly 

higher for Montbéliarde x Holstein in first to the third lactation compared to 

Holstein. Montbéliarde x (Viking Red x Holstein) also had a higher percentage that 

calved again within 14 or 17 months in second and third lactation compared to 

Holstein (Hazel et al. 2017; Hazel et al. 2020b). The percentage that calved again 

within 14 months was significantly higher in the first to the third lactation for 

Viking Red x (Montbéliarde x Holstein) compared to Holstein. The percentage that 

calved again within 17 months in second and third lactation was significantly higher 

for Viking Red x (Montbéliarde x Holstein) compared to Holstein (Hazel et al. 

2020b). The same study did not find any significant differences between Holstein-

sired crossbreds and Holstein for the traits calved again within 14 months or 17 

months.  

Quenon and Magne (2021) did a study where they compared Holstein with F1 at 

50% Holstein genes and with F2 at 25% Holstein genes. For primiparous cows 

calving to first insemination and calving intervals were significantly shorter for F1 

and F2 compared to Holstein. The F1 and F2 multiparous cows had significantly 

shorter calving to first service interval compared to Holstein. It was only F1 that had 

a significantly shorter calving interval compared to Holstein.   
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Jersey x Holstein had fewer days open and fewer days from calving to first 

insemination compared to Holstein (Heins et al. 2012). Heins et al. (2008) found 

no difference in days open and McClearn et al. (2020) found that calving to first 

insemination was longer for Jersey x Holstein compared to Holstein (  



16 

Table 2).  
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Table 1. Comparison of various crossbreds to purebred Holstein for least square means for different 

fertility traits, from literature  

  Fertility traits3  

Breed1 Lact.2 FSCR  CR DO NINS CFI Reference 

H 1 37 37 127 2.37  Hazel et al. 

(2020a) VH 1 45** 41* 120 2.19  

MH 1 43* 45** 115** 2.10  

H 2 29 31 139 2.58  Hazel et al. 

(2020a) VH 2 36** 35* 128* 2.29**  

MH 2 40** 40** 117** 2.16**  

H 3 30 31 143 2.46  Hazel et al. 

(2020a) VH 3 31 32 139 2.46  

MH 3 41** 40 120** 2.20*  

H  1 43 41 126 2.25  Hazel et al. 

(2020a) VxMH 1 52** 48** 111* 1.94**  

MxVH 1 51** 50** 110** 1.97**  

H  2 35 36 134 2.39  Hazel et al. 

(2020a) VxMH 2 42 42* 114** 2.16  

MxVH 2 47** 44** 117* 2.10**  

H  3 35 33 134 2.35  Hazel et al. 

(2020a) VxMH 3 42 44** 119 1.93**  

MxVH 3 48* 48** 109** 1.88**  

H 1 43 42 128 2.23  (Hazel et 

al. 2020a) H-sire 1 46 46 121 2.06  

H 1 38 38 125 2.30 71 Hazel et al. 

(2017) MH 1 43 46** 113** 2.07** 69* 

VH 1 47** 43 117* 2.15 70 

H 0 22  150   Heins et al. 

(2006b) MH 0 31**  131**   

H 1     69 Heins et al. 

(2006b) MH 1     65* 
1H = Holstein, M =Montbéliarde, V = Viking Red, H-sire= Holstein sired crossbred 
2Lact. = Lactation. 
3FSCR= First service conception rate in %, CR = overall Conception rate in %, DO = Days 

open in days, NINS = Number of inseminations, CFI = Calving to first insemination in 

days. 

*P < 0.05, ** P < 0.01, *** P < 0.001.  
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Table 2. Comparison of Jersey x Holstein to purebred Holstein for mean value for different fertility 

traits, from literature 

  Fertility traits3  

Breed1 Lact.2 FSCR  CR DO NINS CFI Reference 

H >1 65.2    85 McClearn et 

al. (2020) JH >1 73.0    91*** 

H 1  58 127   Heins et al. 

(2008) JH 1  53 150   

H 1   148.1 2.1 90 Heins et al. 

(2012) JH 1   124.3* 2.1 79.4* 

H  2   162.7 2.7 86.1 Heins et al. 

(2012) JH 2   120.9** 2.2* 77.7** 

H  3   200.2  76.7 Heins et al. 

(2012) JH 3   158.3*  64.4** 
1H = Holstein, J = Jersey. 
2Lact. = Lactation. 
3FSCR= First service conception rate in %, CR = overall Conception rate in %, DO = Days 

open in days, NINS = Number of inseminations, CFI = Calving to first insemination in 

days. 

*P < 0.05, ** P < 0.01, *** P < 0.001.  

2.3 Calving traits 

The calving traits stillbirth, calving difficulty and gestation length are presented in   
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Table 3. Also in  
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Table 3, multiple values are presented for H from the same reference and the reason 

for that is the same as for Jersey x Holstein had fewer days open and fewer days 

from calving to first insemination compared to Holstein (Heins et al. 2012). Heins 

et al. (2008) found no difference in days open and McClearn et al. (2020) found 

that calving to first insemination was longer for Jersey x Holstein compared to 

Holstein (  
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Table 2).  
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Table 1. Montbéliarde x Holstein had fewer stillbirths than Holstein in the first 

lactation (Heins et al. 2006a; Hazel et al. 2020b). Heins et al. (2006a) found that 

Montbéliarde x Holstein had less calving difficulty than Holstein in the first 

lactation. The gestation length was longer for Montbéliarde x Holstein than for 

Holstein in the first lactation (Heins et al. 2010; Hazel et al. 2020b) and for 

multiparous Montbéliarde x Holstein compared to Holstein (Hazel et al. 2020b). 

McClearn et al. (2020) found no significant difference in calving difficulty between 

Jersey x Holstein and Holstein. 
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Table 3. Comparison of various crossbreds and purebreds to purebred Holstein for mean values for 

calving traits, from literature 

Breed1 Lact.2 Stillbirth3 Calving 

difficulty3 

Gestation 

length3  

Reference  

H 1 8  275.7  Hazel et al. 

(2020b) VH 1 5*   280.1** 

MH 1 4**  279.0**  

H >1 3  278.1 Hazel et al. 

(2020b) VH >1 2  280.8** 

MH >1 3  280.2** 

H 1 7   275.7  Hazel et al. 

(2020b) VxMH 1 4*   275.5  

MxVH 1 5   276.6**  

H >1 2  278.0 Hazel et al. 

(2020b) VxMH >1 2  277.6 

MxVH >1 1  278.0 

H 1 5  276.3 Hazel et al. 

(2020b) H-sire 1 3  278.1** 

H 1 14.0 17.7   Heins et al. 

(2006a) MH 1 6.2**  7.2**  

H 2 3.7 3.1  Heins et al. 

(2006a) MH 2 5.9 0.2  

H 1 4.1 5.9 278.4 Heins et al. 

(2010) MH 1 4.3 9.4 283.2*** 

H 1 16.9  14.9 277.7  Heins et al. 

(2010) MxJH 1 12.6  19.9  280.3**  

H >1 1.1 2.8 278.6 Heins et al. 

(2010) MxJH >1 2.5 5.5 282.2*** 

H 1 6 41 280 Blöttner et 

al. (2011) HxBH 1 6 45 282 

H 1   277.8  Norman et 

al. (2009) B 1   287.2  

J 1   278.4  

H >1   279.4 Norman et 

al. (2009) B >1   287.5 

J >1   280.0 
1H = Holstein, M = Montbéliarde, V = Viking Red, H-sire= Holstein sired crossbred, J = 

Jersey, B = Brown Swiss. 
2Lact. = Lactation.  
3 Stillbirth and calving difficulty in %, Gestation length in days. 

*P < 0.05, ** P < 0.01, *** P < 0.001.  
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2.4 Survival traits 

Montbéliarde x Holstein and Montbéliarde x (Viking Red x Holstein) had 

significantly higher survival to third and fourth calving compared to Holstein. 

Viking Red x (Montbéliarde x Holstein) had higher survival to second, third and 

fourth calving than Holstein (Hazel et al. 2020b). Montbéliarde x (Viking Red x 

Holstein) had a higher proportion of cows that lived beyond 45 months compared 

to Holstein. Montbéliarde x Holstein had the longest herd life and Viking Red x 

(Montbéliarde x Holstein) the second longest: 219 and 176 days longer than 

Holstein, respectively (Hazel et al. 2021) (Table 4). In a Danish study, they found 

that the heterosis effect for survival between Holstein x Jersey, Danish Red x Jersey 

and Holstein x Danish Red was favourable, meaning that the crosses survived 

longer than the average of their parental breeds (Clasen et al. 2017). Heins et al. 

(2012) found no significant difference between Holstein and Jersey x Holstein in 

the percentage that survived to second and third calving. 

Table 4 Comparison of various crossbreds to purebred Holstein for least squares means for survival 

traits, from literature 

 Survival traits2  

Breed1 Survival 

2 

Survival 

3 

Survival 

4 

Lived 

45 

Herd 

life 

Reference 

H 81 51 27   (Hazel et 

al. 2020b) VH 85 58* 33   

MH 85 63** 43**   

H 84 51 22   (Hazel et 

al. 2020b) VxMH 88* 65** 46**   

MxVH 83 59* 37**   

H 81     (Hazel et 

al. 2020b) H-sire 83     

H    18.0 886 (Hazel et 

al. 2021) VH    24.7** 982* 

MH    33.2 1 105** 

H    17.6 850 (Hazel et 

al. 2021) VxMH    31.2 1 026* 

MxVH    26.5* 967 
1H = Holstein, M = Montbéliarde, V = Viking Red, H-sire= Holstein sired crossbred. 
2Survival 2 = Survival to second calving in %, Survival 3 = Survival to third calving in %, 

Survival 4 = Survival to fourth calving in %, Lived 45 = Lived beyond 45 months of age 

in %, Herd life in days.  

*P < 0.05, ** P < 0.01, *** P < 0.001.  
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2.5 Production and Somatic Cells 

Heins et al. (2008) showed that Jersey x Holstein had a lower 305-day milk yield 

and lower 305-day protein yield than Holstein. Ferris et al. (2018) found that 

Swedish Red x (Jersey x Holstein) had significantly lower total milk and total 

protein production than Holstein. McClearn et al. (2020) found that Jersey x 

Holstein had significantly lower total milk production and higher total fat 

production compared to Holstein (Table 5). 

The 305-day milk and fat yield were significantly lower for Montbéliarde x (Viking 

Red x Holstein) and Viking Red x (Montbéliarde x Holstein) in the first to the third 

lactations compared to Holstein. 305-day protein production was significantly 

higher for Montbéliarde x Holstein in first to the third lactation and Viking Red x 

(Montbéliarde x Holstein) had a significantly lower yield in first to the third 

lactation compared to Holstein (Hazel et al. 2020a) (Table 6).  

Quénon and Magne (2021) found that 305-day milk and protein yields were lower 

for F2 than for Holstein both for primiparous and multiparous cows. The 305-day 

fat yield was higher for F1 than for Holstein both for primiparous and multiparous 

cows. There were no differences in somatic cell scores for primiparous cows, but it 

was lower for F1 multiparous cows compared to Holstein. Neither did Heins et al. 

(2008) see any differences in somatic cell scores in the first lactation for Jersey x 

Holstein compared to Holstein. McClearn et al. (2020) found no difference in 

somatic cell count for multiparous Jersey x Holstein compared to Holstein. 

Table 5. Comparison of crosses between Holstein, Jersey and Swedish Red to purebred Holstein for 

mean values for production traits, from literature 

  Production traits3  

Breed1 Lact.
2 

Milk 305 Fat 

305 

Prot. 

305 

Tot. 

Milk 

Tot. 

Fat 

Tot. 

Prot. 

Referen

ce 

H 1 7 705 277 238    Heins 

et al. 

(2008) 

JH 1 7 147 ** 274 223**    

H >1    7 310 302 244 Ferris 

et al. 

(2018) 

RxJH >1    6 378*

** 

294 226* 

H >1    5 720 252 208 McClea

rn et al. 

(2020) 

JH >1    5 476*

** 

261*** 208 

1H = Holstein, J = Jersey, R = Swedish Red. 
2Lact. = Lactation. 
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3Milk 305 = Milk at 305-day in kg, Fat 305 = Fat at 305-day in kg, Prot. 305 = Protein at 

305-day in kg, Tot. Milk = Total milk yield during a lactation in kg, Tot. Fat = Total fat 

yield during a lactation in kg, Tot. Prot. = Total protein yield during a lactation in kg.  

*P < 0.05, ** P < 0.01, *** P < 0.001. 

Table 6. Comparison of various crossbreds to purebred Holstein for least square means for 

production traits, from literature 

  Production traits3  

Breed1 Lact.2 Milk 305 Fat 305 Prot. 305 Reference 

H 1 11 378 420 345 Hazel et al. 

(2020a) VH 1 10 959** 427 349 

MH 1 11 445 431* 358** 

H 2 13 338 478 408 Hazel et al. 

(2020a) VH 2 12 548** 477 405 

MH 2 13 335 484 422** 

H 3 13 932 501 426 Hazel et al. 

(2020a) VH 3 13 267** 500 426 

MH 3 13 860 502 438** 

H  1 11 803 437 358 Hazel et al. 

(2020a) VxMH 1 10 601** 414** 343** 

MxVH 1 10 871** 423** 350** 

H  2 13 551 492 415 Hazel et al. 

(2020a) VxMH 2 12 225** 463** 399** 

MxVH 2 12 701** 476** 413 

H  3 14 295 517 435 Hazel et al. 

(2020a) VxMH 3 12 829** 479** 418** 

MxVH 3 13 208** 493** 432 

H 1 12 254 450 373 Hazel et al. 

(2020a) H-sire 1 11 665** 446 367 
1H = Holstein, M = Montbéliarde, V = Viking Red, H-sire= Holstein sired crossbred, J = 

Jersey. 
2Lact. = Lactation. 
3Milk 305 = Milk at 305-day in kg, Fat 305 = Fat at 305-day in kg, Prot. 305 = Protein at 

305-day in kg. 

*P < 0.05, ** P < 0.01, *** P < 0.001. 

2.6 Economic consequences 

Another part included in Quénon & Magne (2021) study was herd compositions 

and the economic profit of these different herd compositions. As previously 
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mentioned the F1 has 50% Holstein genes and the F2 has 25% Holstein genes. The 

different herd compositions were 50H-50F1, 32H-63F1-5F2, 18H-67F1-15F2 and 

10H-60F1-30F2 (proportions are given in percent). The different compositions were 

compared to a purebred Holstein herd. The herds with the greatest profit were 50H-

50F1 and 32H-63F1-5F2 (+29€/cow) followed by 18H-67F1-15F2 (+17€/cow) and 

last came 10H-60F1-30F2 (-9€/cow) compared to purebred Holstein. The latter herd 

had the least amount of milk yield and even though this herd had the highest overall 

fat content, protein content and fertility, the benefit of these three traits was lower 

than the cost of loss in milk (Quénon & Magne 2021).  

In   
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Table 7 the total health care cost, lifetime revenue, lifetime cost and lifetime profit 

are presented. Hazel et al. (2020b) found that the total health care cost was lower 

for Montbéliarde x Holstein, Viking Red x (Montbéliarde x Holstein) and 

Montbéliarde x (Viking Red x Holstein) in second and third lactation compared to 

Holstein. In Hazel et al. (2021) the lifetime profit for Montbéliarde x Holstein, 

Viking Red x (Montbéliarde x Holstein) and Montbéliarde x (Viking Red x 

Holstein) was USD 1 638, 902 and 938, respectively, higher than for Holstein.    
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Table 7. Comparison of various crossbreds to purebred Holstein for least square means for 

economical traits, from literature 

  Economic3  

Breed1 Lact.2 Total 

health cost 

Life tot. 

rev. 

Life tot. 

cost 

Life 

profit 

Reference 

H 1 43    (Hazel et 

al. 2020b) VH 1 36    

MH 1 31**    

H 2 68    (Hazel et 

al. 2020b) VH 2 48**    

MH 2 47**    

H 3 92    (Hazel et 

al. 2020b) VH 3 78**    

MH 3 67**    

H 1 43    (Hazel et 

al. 2020b) VxMH 1 40    

MxVH 1 38    

H 2 81    (Hazel et 

al. 2020b) VxMH 2 66**    

MxVH 2 54**    

H 3 109    (Hazel et 

al. 2020b) VxMH 3 91*    

MxVH 3 72**    

H >1  14 156 11 314 2 842 (Hazel et 

al. 2021) VH >1  15 463 12 123 3 340 

MH >1  18 020** 13 540** 4 480** 

H >1  13 782 10 959 2 823 (Hazel et 

al. 2021) VxMH >1  16 253* 12 528* 3 725* 

MxVH >1  15 777 12 016 3 761* 
1 H = Holstein, M = Montbéliarde, V = Viking Red. 
2 Lact. = Lactation. 
3 Total health cost = Total health care cost in USD, Life tot. rev. = Lifetime total revenue 

in USD, Life tot. cost = Lifetime total cost in USD, Life profit = Lifetime profit in USD. 

*P < 0.05, ** P < 0.01.  
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3.1 Data 

Data was provided by Växa from their cattle database. Records in the cattle 

database are collected from Swedish dairy farms. In this study Brown Swiss (B), 

Holstein (H), Jersey (J), Montbéliarde (M), Swedish Red (R) and crosses between 

them were included, resulting in 29 different breed groups (  

3. Material and Method  
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Table 8). The sire was always purebred and the dam was either purebred or 

crossbred. The crossbred was either a two-way cross or a three-way cross. For the 

two-way cross, no difference was made in this study if the sire was one breed and 

the dam another breed or the other way around, e.g., HR (sire dam) or an RH are 

both written as HR. The three-way cross is also written sire x dam where the sire is 

purebred and the dam is crossbred e.g. MxHR.  

The records were collected for cows with calving dates in first to third parity 

between 2005-01-01 and 2020-12-30 including 2 751 640 observations. Because 

all the records were collected from historical field data no ethical approval was 

needed. We removed Montbéliarde and Brown Swiss as dam breeds because they 

were most likely not 100% purebreds. In the three-way crosses, breed crosses with 

less than 50 observations were removed from the study. The breed group R included 

the breeds Danish Red, Swedish Ayrshire and Swedish Red. After editing 

2 750 949 observations and 7 390 herds were included in the study. Two datasets 

were created: for lactation 1 with 1 203 399 observations and for lactation 2-3 with 

1 547 550 observations (the mean values and number of observations for each trait 

are shown in Appendix 1, Table 22-Table 23).  
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Table 8. The total number of observations for the different breed groups (sire x dam) with at least 

one trait observed in lactation 1 and lactation 2-3 

Breed1 Lactation 1  Lactation 2-3  

R 488 549 640 414 

H 618 794 774 332 

J 7 994 10 063 

HR 35 545 52 760 

JR 1 077 1 539 

JH 1 113 1 504 

MR 361 294 

MH 827 562 

BR 228 297 

BH 315 300 

BxHR 155 165 

HxBH 238 262 

HxBR 76 93 

HxHR 32 812 44 964 

HxJH 816 1 117 

HxJR 250 330 

HxMH 168 150 

HxMR 311 198 

JxHR 300 336 

JxJH 378 439 

JxJR 536 686 

MxHR 1 436 1 208 

RxBH 70 103 

RxBR 98 111 

RxHR 9 425 13 483 

RxJH 236 343 

RxJR 832 1 125 

RxMH 343 253 

RxMR 116 119 
1 B = Brown Swiss, H = Holstein, J = Jersey, M = Montbéliarde, R = Swedish Red.   

3.2 Fertility traits 

Six fertility traits were included: calving interval (CI), calving to first insemination 

(CFI), calving to last insemination (CLI), first to last insemination (FLI) and 

number of inseminations (NINS). If any of the observation values for the different 

traits did not match the interval in Table 9 the value was set to missing. The sixth 
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trait was the age at first calving (AFC) for which no limits were set, but the interval 

was between 578 and 1 156 days (19 and 39 months).  

Table 9. Minimum and maximum values for five of the fertility traits included in this study. 

Fertility trait1 Minimum Maximum 

CI  280 650 

CFI 20 230 

CLI 20 450 

FLI  0 365 

NINS 1 8 
1 CI = Calving interval in days, CFI= calving to first insemination in days, CLI= calving 

to last insemination in days, FLI= first to last insemination in days, NINS= number of 

inseminations. 

3.3 Calving traits and Survival 

There were three calving traits included: gestation length, calving difficulty and 

stillbirth. Gestation length was calculated from the last insemination to the calving 

date and the interval was between 275 days and 303 days. Calving difficulty was 

defined as 0 for easy calving and 1 for difficult calving. Stillbirth was defined 

similarly where 0 means that the calf was alive and 1 means that the calf was dead 

at birth or within 24 h after birth. Survival was defined as 0 for not surviving to the 

next lactation and 1 as surviving to the next lactation.   

3.4 Production traits and Somatic Cells 

The production traits were based on milk yield, fat yield, and protein yield data 

from test days. The yield was assumed to be the same between midway of the 

previous test day to midway of the next test day. The first test day yield was 

assumed to be valid back to day three after calving. Similarly, the last test day yield 

was assumed to be valid up to 15 days after the last test day. Milk yield 305 days 

(MY305), fat yield 305 days (FAT305) and protein yield 305 days (PROT305) were 

calculated by adding the yields for 305 days starting from day 3. If the criteria of 

305 days of lactation were not fulfilled, the records were not included for these 

traits. The cumulative milk yield (CUMMILK), cumulative fat yield (CUMFAT) 

and cumulative protein yield (CUMPROT) were calculated by adding the yields 

together from day 3 to the end of the lactation. In this data, the longest lactation was 

365 days.  
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Somatic cell count was also measured every test day. Logarithmic somatic cell 

count (LSCC) was used in this study to get the somatic cell count normally 

distributed. Average LSCC 305 days (AVELSCC305) was calculated by adding the 

LSCC for 305 days starting from day 3 and then dividing by 305, using the same 

approach as for yield traits. Average LSCC (AVELSCC) was calculated by adding 

the LSCC from day 3 to the end of the lactation and then dividing it by the length 

of the lactation.  

For two of the traits a maximum value was set and observations above the value 

were set to missing. The maximum for MY305 was 15 000 kg and for CUMMILK 

16 000 kg. The total number of records set to missing was approximately 44 000.  

3.5 Statistical Model 

The editing and analysis were done in SAS 9.4 (SAS Institute 2013). The traits age 

at first calving, calving difficulty and stillbirth were created in SAS. The rest of the 

traits were created using R statistical software (R Core Team 2020). R was also 

used to get the compact letter display of significance of differences. Lactation 1 and 

lactation 2-3 were analysed separately in SAS with the PROC HPMIXED 

procedure. The following model was used: 

yijklm = μ + bi + hj + pk + yslm + hyjl + eijklm 

where: 

yijklm = value of the traits 

bi = Fixed effect of breed group i (1-29)  

hj = fixed effect of herd j (1-7390) 

pk = fixed effect of parity k (2 or 3) only included for lactation 2-3 

yslm = fixed effect of year l (2005-2020) and season m (1 = March, April, May; 2 = 

June, July, August; 3 = September, October, November; 4 = December, January, 

February) combination  

hyjl = the random effect of herd j (1-7390) and year l (2005-2020) combination ~ 

IND (0,σ2
hy) 

eijklmn = random residual effect ~ IND (0,σ2
e) 



35 

The result for MY305, FAT305, PROT305, AVELSCC305, CI, CFI, CLI, FLI, 

NINS, AFC, calving difficulty, stillbirth and survival are presented for H, R, J and 

crosses between them in   

4. Results 
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Table 10-Table 15 and for H, R, M and crosses between them in Table 16-  
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Table 21. All traits and breed groups are presented for lactation 1 in Appendix 2, 

Table 24- 

Table 27 and for lactation 2-3 in Appendix 3, Table 28-Table 31.  

4.1 Jersey 

The term “J cross” is the collective name used for the five breed groups JR, JH, 

HxJR, JxHR and RxJH. The CI in lactation 1 was shorter for J cross than for H and 

similar or lower than for R and J (Table 10). In lactation 2-3 only JR and JH had 

shorter CI than J and H (Table 13). Both JR and JH had significantly shorter CFI, 

CLI, and FLI compared to H in lactation 1 (Table 10) and lactation 2-3 (Table 13). 

The J cross had a lower AFC than J. Only HxJR had a lower AFC and only JH had 

a higher AFC than H and R.  

The J cross was either better or similar to J for calving difficulty, stillbirth and 

survival. The JH had lower calving difficulty, higher survival and no difference in 

stillbirth compared with H (Table 11, Table 14).  

In all lactations, J cross had higher MY305 than for J and lower than for H (Table 

12, Table 15). PROT305 showed similar results as MY305 although in lactation 1 

there was no difference between H and HxJR. The J cross had higher FAT305 than 

for H, J and R in lactation 1 and higher than for J and R in lactation 2-3.     
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Table 10. Least square means1 for six fertility traits and nine different breed groups (J cross, HR, 

and purebreds) for cows in lactation 1 

 Fertility traits3 

Breed 

group2 

CI CFI CLI FLI NINS AFC 

R 405ab 95a 140ab 41a 1.96a 859a 

H 412c 98b 149c 45b 2.02b 856b 

J 406b 94a 140ab 42a 2.02b 874c 

HR 406b 96c 141b 40a 1.93c 851d 

JR 399d 90d 131d 36c 1.88c 857ab 

JH 402bd 94ac 136ad 38ac 1.90ac 867e 

HxJR 397ad 91ad 138bd 42abc 1.93abc 846d 

JxHR 400bd 96abc 143abc 43abc 1.87abc 858abde 

RxJH 401bd 92acd 133bd 39abc 1.85abc 849abd 
1 Pairs of breed groups differ significantly (P < 0.05) if there are no subscripted letters in 

common. 
2 H = Holstein, J = Jersey, R = Swedish Red.  
3 CI = Calving interval in days, CFI= calving to first insemination in days, CLI= calving to 

last insemination in days, FLI= first to last insemination in days, NINS= number of 

inseminations, AFC = Age at first calving in days. 

Table 11. Least square means1 for two calving traits and survival for nine different breed groups (J 

cross, HR, and purebreds) for cows in lactation 1 

 Calving traits3 Survival3 

Breed 

group2 

Calving 

difficulty   

Stillbirth 

 

SURVNEXT 

R 3.0a 4.6a 56a 

H 4.4b 7.4b 57b 

J 2.1c 10.0c 54c 

HR 3.6d 5.5de 60d 

JR 1.5c 5.4ad 59abd 

JH 1.8c 6.0abe 60d 

HxJR 2.0acd 2.8ae 60abd 

JxHR 2.5abcd 6.5abe 55abcd 

RxJH 2.4abcd 8.0bcd 56abcd 
1 Pairs of breed groups differ significantly (P < 0.05) if there are no subscripted letters in 

common. 
2 H = Holstein, J = Jersey, R = Swedish Red.  
3 Calving difficulty in %, Stillbirth in %, SURVNEXT = Survival to lactation 2 in %. 
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Table 12. Least square means1 for three production traits and AVELSCC3053 for nine different 

breed groups (J cross, HR, and purebreds) for cows in lactation 1 

 Production traits3 

Breed 

group2 

MY305 FAT305 PROT305 AVELSCC305 

R 7 999a 350a 283a 1.71a 

H 8 779b 356b 298b 1.75b 

J 6 097c 356b 244c 1.87c 

HR 8 575d 361c 296d 1.73d 

JR 7 358e 375d 275e 1.79e 

JH 7 844f 383e 288f 1.81e 

HxJR 8 278g 375de 292bdf 1.76abde 

JxHR 7 492e 378de 280ae 1.83ce 

RxJH 7 927af 368cd 288af 1.71abd 
1 Pairs of breed groups differ significantly (P < 0.05) if there are no subscripted letters in 

common. 
2 H = Holstein, J = Jersey, R = Swedish Red.   
3 MY305 = Milk yield 305 days in kg, FAT305 = Fat yield 305 days in kg, PROT305 = 

Protein yield 305 days in kg, AVELSCC305= Average LSCC 305 days.   

Table 13. Least square means1 for five fertility traits and nine different breed groups (J cross, HR, 

and purebreds) for cows in lactation 2-3 

 Fertility traits3 

Breed 

group2 

CI CFI CLI FLI NINS 

R 397a 91a 150a 52a 2.34a 

H 410b 97b 163b 59b 2.48b 

J 401c 91a 151a 54ac 2.43c 

HR 401c 94c 155c 55c 2.41c 

JR 393a 90a 146a 52ac 2.34ac 

JH 395a 91a 147a 52ac 2.34ac 

HxJR 402abc 94abc 155abc 50abc 2.22a 

JxHR 396ac 92ac 155abc 49ac 2.34abc 

RxJH 396ac 92ac 150ac 49ac 2.31abc 
1 Pairs of breed groups differ significantly (P < 0.05) if there are no subscripted letters in 

common. 
2 H = Holstein, J = Jersey, R = Swedish Red.  
3 CI = Calving interval in days, CFI= calving to first insemination in days, CLI= calving to 

last insemination in days, FLI= first to last insemination in days, NINS= number of 

inseminations. 
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Table 14. Least square means1 for two calving traits and survival for nine different breed groups (J 

cross, HR, and purebreds) for cows in lactation 2-3 

 Calving traits3 Survival3 

Breed 

group2 

Calving 

difficulty   

Stillbirth 

 

SURVNEXT 

R 1.2a 3.2a 23a 

H 1.4b 3.3b 22b 

J 0.7c 4.9c 24c 

HR 1.3a 3.0d 25c 

JR 1.2abc 4.1abc 28d 

JH 0.7ac 2.9abd 25ac 

HxJR 1.5abc 2.2abd 28cd 

JxHR 0.3abc 4.4abcd 24abcd 

RxJH 1.0abc 3.9abcd 27cd 
1 Pairs of breed groups differ significantly (P < 0.05) if there are no subscripted letters in 

common. 
2 H = Holstein, J = Jersey, R = Swedish Red.  
3 Calving difficulty in %, Stillbirth in %, SURVNEXT = Survival from lactation 2 to 

lactation 3 in %.  

Table 15. Least square means1 for three production traits and AVELSCC3053 for nine different 

breed groups (J cross, HR, and purebreds) for cows in lactation 2-3 

 Production traits3 

Breed 

group2 

MY305 FAT305 PROT305 AVELSCC305 

R 9 215a 401a 327a 1.90a 

H 10 401b 424b 354b 1.96b 

J 7 017c 412c 285c 1.99c 

HR 10 006d 421d 346d 1.94d 

JR 8 389e 427be 318e 1.96bde 

JH 8 913f 441f 333f 1.99ce 

HxJR 9 708g 435ef 342dg 1.94abcd 

JxHR 8 650h 434ef 325ae 1.93abcd 

RxJH 9 258a 425bde 337fg 1.94abcd 
1 Pairs of breed groups differ significantly (P < 0.05) if there are no subscripted letters in 

common. 
2 H = Holstein, J = Jersey, R = Swedish Red.   
3 MY305 = Milk yield 305 days in kg, FAT305 = Fat yield 305 days in kg, PROT305 = 

Protein yield 305 days in kg, AVELSCC305= Average LSCC 305 days.   
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4.2 Montbéliarde 

The term “M cross” is the collective name used for the five breed groups MR, MH, 

HxMR, MxHR and RxMH. The M cross had a similar CI as R, and MR, MH and 

MxHR had a shorter CI than for H in lactation 1 (Table 16). In lactation 2-3 M 

crosses had similar or lower CI than for R and H (  
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Table 19). The NINS was higher in lactation 2-3 than in lactation 1. Age at first 

calving was lower for M crosses than for R and H. 

Both MxHR and RxMH had lower calving difficulty and stillbirth than H in 

lactation 1 (  



43 

Table 17). In lactation 2-3 MxHR had lower calving difficulty than R and H (Table 

20). The MxHR also had less stillbirth than H in lactation 2-3. Survival was higher 

for HxMR and MxHR than for R and H in lactation 1, and in lactation 2-3 MR, 

MxHR and RxMH had higher survival to third lactation than for H. 

The M cross had higher MY305 than R and MH had similar production as H in both 

lactation 1 and lactation 2-3 (Table 18,   
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Table 21). The MH had better FAT305 and PROT305 than R and H in both lactation 

1 and lactation 2-3.  

Table 16. Least square means1 for six fertility traits and nine different breed groups (M cross, HR, 

and purebreds) for cows in lactation 1 

 Fertility traits3 

Breed 

group2 

CI CFI CLI FLI NINS AFC 

R 405a 95a 140a 41a 1.96a 859a 

H 412b 98b 149b 45b 2.02b 856b 

HR 406a 96c 141a 40ac 1.93cd 851c 

MR 401a 93ac 132c 33c 1.80d 844cd 

MH 406a 93ac 142a 43ab 1.97abc 841d 

HxMR 408ab 95abc 139ac 40abc 1.88abd 846cd 

MxHR 402a 94ac 138ac 39ac 1.90ad 844d 

RxMH 409ab 97abc 143abc 40abc 1.92abd 839d 
1 Pairs of breed groups differ significantly (P < 0.05) if there are no subscripted letters in 

common. 
2 H = Holstein, M = Montbéliarde, R = Swedish Red.  
3 CI = Calving interval in days, CFI= calving to first insemination in days, CLI= calving to 

last insemination in days, FLI= first to last insemination in days, NINS= number of 

inseminations, AFC = Age at first calving in days. 
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Table 17. Least square means1 for two calving traits and survival for nine different breed groups 

(M cross, HR, and purebreds) for cows in lactation 1 

 Calving traits3 Survival3 

Breed 

group2 

Calving 

difficulty  

Stillbirth SURVNEXT 

R 3.0a 4.6a 56a 

H 4.4b 7.4b 57b 

HR 3.6cd 5.5cd 60cd 

MR 4.3abd 5.9abd 56abc 

MH 4.5bd 6.8bd 59abd 

HxMR 5.3bd 6.0abd 64d 

MxHR 3.2ad 5.5ad 60cd 

RxMH 1.7ac 3.5ac 58abd 
1 Pairs of breed groups differ significantly (P < 0.05) if there are no subscripted letters in 

common. 
2 H = Holstein, M = Montbéliarde, R = Swedish Red.  
3 Calving difficulty in %, Stillbirth in %, SURVNEXT = Survival to lactation 2 in %. 

Table 18. Least square means1 for three production traits and AVELSCC3053 for nine different 

breed groups (M cross, HR, and purebreds) for cows in lactation 1 

 Production traits3 

Breed 

group2 

MY305 FAT305 PROT305 AVELSCC305 

R 7 999a 350a 283a 1.71a 

H 8 779b 356bc 298b 1.75b 

HR 8 575cd 361de 296c 1.73c 

MR 8 438de 349ac 291cd 1.70abc 

MH 8 837b 361de 303e 1.75bc 

HxMR 8 724bc 368e 303be 1.71abc 

MxHR 8 751b 359bd 300be 1.75bc 

RxMH 8 280e 350ac 290d 1.71abc 
1 Pairs of breed groups differ significantly (P < 0.05) if there are no subscripted letters in 

common. 
2 H = Holstein, M = Montbéliarde, R = Swedish Red.  
3 MY305 = Milk yield 305 days in kg, FAT305 = Fat yield 305 days in kg, PROT305 = 

Protein yield 305 days in kg, AVELSCC305= Average LSCC 305 days.   
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Table 19. Least square means1 for five fertility traits and nine different breed groups (M cross, HR, 

and purebreds) for cows in lactation 2-3 

 Fertility traits3 

Breed 

group2 

CI CFI CLI FLI NINS 

R 397a 91ab 150ab 52a 2.34ab 

H 410b 97c 163c 59b 2.48cd 

HR 401c 94d 155d 55cd 2.41e 

MR 379d 88b 142b 42e 2.14b 

MH 403abc 91bd 157acd 62bd 2.61d 

HxMR 395acd 93bcd 156bcd 52abde 2.35bde 

MxHR 400ac 89b 153bd 55abd 2.38ae 

RxMH 394ac 95acd 146bd 49ace 2.35bce 
1 Pairs of breed groups differ significantly (P < 0.05) if there are no subscripted letters in 

common. 
2 H = Holstein, M = Montbéliarde, R = Swedish Red.  
3 CI = Calving interval in days, CFI= calving to first insemination in days, CLI= calving to 

last insemination in days, FLI= first to last insemination in days, NINS= number of 

inseminations. 

Table 20. Least square means1 for two calving traits and survival for nine different breed groups 

(M cross, HR, and purebreds) for cows in lactation 2-3 

 Calving traits3 Survival3 

Breed 

group2 

Calving 

difficulty  

Stillbirth SURVNEXT 

R 1.2a 3.2a 23a 

H 1.4b 3.3b 22b 

HR 1.3a 3.0c 25c 

MR 1.2abc 1.6abc 27ac 

MH 1.1abc 2.7abc 25abc 

HxMR 1.7abc 3.1abc 25abc 

MxHR 0.5c 2.2ac 26c 

RxMH 1.0abc 3.6abc 27ac 
1 Pairs of breed groups differ significantly (P < 0.05) if there are no subscripted letters in 

common. 
2 H = Holstein, J = Jersey, R = Swedish Red.  
3 Calving difficulty in %, Stillbirth in %, SURVNEXT = Survival from lactation 2 to 

lactation 3 in %.  
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Table 21. Least square means1 for three production traits and AVELSCC3053 for nine different 

breed groups (M cross, HR, and purebreds) for cows in lactation 2-3 

 Production traits3 

Breed 

group2 

MY305 FAT305 PROT305 AVELSCC305 

R 9 215a 401a 327a 1.90ab 

H 10 401b 424b 354b 1.96c 

HR 10 006c 421c 346c 1.94d 

MR 9 762d 407ad 337d 1.85b 

MH 10 527b 431e 363e 1.94acd 

HxMR 10 255bc 432bce 354bce 1.90bcd 

MxHR 10 073c 412d 345cd 1.93ad 

RxMH 9 679d 410ad 337d 1.94bcd 
1 Pairs of breed groups differ significantly (P < 0.05) if there are no subscripted letters in 

common. 
2 H = Holstein, J = Jersey, R = Swedish Red.   
3 MY305 = Milk yield 305 days in kg, FAT305 = Fat yield 305 days in kg, PROT305 = 

Protein yield 305 days in kg, AVELSCC305= Average LSCC 305 days.   
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This study aimed to compare two-way crosses, three-way crosses and backcrosses 

between H, R, J, M and B to purebred H, R and J, with a focus on two-way and 

three-way crosses between H, R, J or M.  

5.1 Fertility traits 

The result shows that J crosses (JR, JH, HxJR, JxHR, RxJH) (sire x dam) had 

significantly better fertility or were similar to purebred H, R and J, when looking at 

the traits CI, CFI, CLI, FLI and NINS. The J cross had significantly lower AFC 

than J. Heins et al. (2012) compared Jersey x Holstein to Holstein and found that 

the calving to first insemination was significantly shorter for Jersey x Holstein, 

similar to what we saw in this study in the first to the third lactation. However, our 

results disagree with McClearn et al. (2020) who found that Jersey x Holstein had 

significantly longer calving to first insemination compared to Holstein in 

multiparous cows. Heins et al. (2008, 2012) and McClearn et al. (2020) also looked 

at some other fertility traits and found that Jersey x Holstein either was better or 

similar to Holstein.   

For M cross (MR, MH, HxMR, MxHR, RxMH) the result showed that all fertility 

traits were either similar or significantly better than H and R in lactation 1 and 

lactation 2-3. Hazel et al. (2017) and Hazel et al. (2020a) studying some other traits 

for fertility also found that crosses between Montbéliarde, Holstein and Viking Red 

had significantly better fertility or were similar to Holstein. The current study 

agrees with Hazel et al. (2017) and Hazel et al. (2020a) that crosses between 

Montbéliarde, Holstein and Swedish Red or Viking Red had significantly better 

fertility or were similar to Holstein both in first and later lactations.  

5.2 Calving traits and Survival traits 

In lactation 1 JR, JH and HxJR had lower calving difficulty than H, stillbirth was 

lower for JR and HxJR than for H and survival was higher for JH than for H. There 

were no differences between JH and H for stillbirth and neither for JR and HxJR 

5. Discussion 
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when comparing survival with H. In lactation 2-3, JR, JH and HxJR had higher 

survival and JH had less calving difficulty than H. McClearn et al. (2020) looked at 

calving difficulty and their results do not agree with ours: they saw no difference 

between Jersey x Holstein and Holstein.  

The MxHR was significantly better than H for the traits calving difficulty, stillbirth 

and survival in both lactation 1 and lactation 2-3. In lactation 1, RxMH had less 

calving difficulty and stillbirth compared to H and in lactation 2-3 RxMH had 

higher survival than H. There was no difference in calving difficulty, stillbirth and 

survival when comparing MH to H. Heins et al (2006a) and Hazel et al. (2020b) 

found that Montbéliarde x Holstein had a lower percentage of stillbirth than 

Holstein in the first lactation but for multiparous there was no difference. Hazel et 

al. (2020b) found a similar result for Viking Red x (Montbéliarde x Holstein) as 

this study did for RxMH, namely that stillbirth was lower in the first lactation and 

similar for multiparous compared to Holstein. Their result showed that there was 

no difference in stillbirth between Montbéliarde x (Viking Red x Holstein) and 

Holstein (ibid). This disagrees with the result from this study showing that M x HR 

had a lower percentage of stillbirth than H. 

Heins et al. (2006a) found that Montbéliarde x Holstein had less calving difficulty 

in the first lactation than Holstein, but in the second lactation there was no 

difference. Hazel et al. (2020b) results agree partly with the result of this study as 

they found that Viking Red x (Montbéliarde x Holstein) and Montbéliarde x 

(Viking Red x Holstein) had a higher survival to third calving compared to Holstein. 

They also found that Viking Red x (Montbéliarde x Holstein) had higher survival 

to second calving and that there was no difference between Montbéliarde x (Viking 

Red x Holstein) and Holstein. This study found that MxHR had higher survival to 

lactation 2 than H, but for RxMH there was no difference.       

The mean gestation length was 281 days for both lactation 1 and lactation 2-3. Most 

of the breed groups had a gestation length of around 281 days (Appendix 1, Table 

22-Table 23). However, J, BH, BR and BxHR had 2-3 days longer gestation length 

in lactation 1 and 2-4 days longer gestation length in lactation 2-3. Norman et al. 

(2009) found that Brown Swiss had about 9 days longer gestation length than 

Holstein. Hazel et al. (2020b) found that Montbéliarde x Holstein had 2-3 days 

longer gestation length than Holstein. This difference was larger than in our results.      

5.3 Production traits and Somatic Cells  

The J cross had significantly better MY305, FAT305 and PROT305 yield than J in 

both lactation 1 and lactation 2-3. When comparing the J cross to R, FAT305 was 
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significantly higher for the J cross but for MY305 and PROT305 the J cross was 

either higher than, lower than or no different from R, depending on the specific 

cross. A similar pattern was seen for FAT305 in lactation 2-3 when comparing J 

cross to H. However, in lactation 1 had J cross significantly higher FAT305 yield 

than H. Both MY305 and PROT305 were significantly lower for J cross compared 

to H in both lactation 1 and lactation 2-3. Except for HxJR, PROT305 in lactation 

1 was not significantly different from H.  

The results from this study are in agreement with Heins et al. (2008) who found 

that milk and protein at 305-day production were lower for Jersey x Holstein 

compared to Holstein. However, they also found that there was no difference for 

fat at 305-day production, whereas this study found that JH had higher FAT305 

than H. Even though McClearn et al. (2020) used total milk, fat and protein yield 

they found a similar result to this study where Jersey x Holstein had a lower total 

milk yield and a higher total fat yield although they did not see any difference for 

total protein yield comparing to Holstein. Ferris et al. (2018) also used total milk, 

fat and protein yield and compared Swedish Red x (Jersey x Holstein) to Holstein 

and found the same result as this study that total milk yield and total protein yield 

were significantly lower and their were no differences for total fat yield.  

The trend for M cross was not as clear as for the J cross. Some specific crosses had 

higher, lower or similar yields of MY305, FAT305 and PROT305 when compared 

to H and R. However, when comparing the MY305 yield M cross had a significantly 

higher yield than R. One trend that could be seen was that MH had significantly 

higher FAT305 and PROT305 yield than both H and R. The MH was also the only 

M cross that did not have significantly lower MY305 than H. All the previously 

mentioned trends were both for lactation 1 and lactation 2-3.  

Further, Hazel et al. (2020a) found that Montbéliarde x Holstein had similar milk 

at 305-day and significantly higher fat and protein at 305-day, although fat at 305-

day was only significantly higher in the first lactation. Montbéliarde x (Viking Red 

x Holstein) had significantly lower milk at 305-day, fat at 305-day in first and third 

lactation, and protein at 305-day in the first lactation compared to Holstein. Viking 

Red x (Montbéliarde x Holstein) had significantly lower milk at 305-day, fat at 305-

day in first and third lactation, and protein at 305-day compared to Holstein (ibid). 

This result was partly similar to those from this study: in lactation 2-3 MxHR and 

RxMH had significantly lower MY305, FAT305 and PROT305. In lactation 1 it 

was only RxMH that had significantly lower MY305 and PROT305 but there were 

no differences between RxMH and H for FAT305. The MxHR had a similar yield 

for MY305, FAT305 and PROT305 as H. 
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The J cross had higher AVELSCC305 than the mean value for all breeds in both 

lactation 1 and lactation 2-3. The M cross had similar AVELSCC305 compared to 

the mean value for all breeds in both lactation 1 and lactation 2-3. Quénon & Magne 

(2021) did not study the same trait for somatic cells (they used somatic cell scores), 

because of that it is not possible to directly compare their result to the result of this 

study. The somatic cell score increased for Holstein from primiparous to 

multiparous. The F1 and F2 had a small decrease in somatic cell scores from 

primiparous to multiparous the difference being 0.07 and 0.06 for F1 and F2, 

respectively (ibid).   

5.4 Crossbreds between Holstein and Swedish Red 

Both this study and Jönsson (2015) found that CI, CFI, FLI and NINS were 

significantly better for HR compared with H in the first to the third lactation. These 

studies found HR to have less calving difficulty and stillbirth than H in first to the 

third lactation. Jönsson (2015) and our study found that HR had significantly better 

survival to second and third lactation compared to H. In the first to the third 

lactations MY305 was significantly lower than for H in both studies. For FAT305 

our study found that it was significantly higher in lactation 1 and significantly lower 

in lactation 2-3 for HR compared to H. Jönsson (2015) also found these results for 

Swedish Red x Holstein but not for Holstein x Swedish Red. The current study 

found that HR had significantly lower PRTO305 than H in lactation 1 and lactation 

2-3. This also agrees with Jönsson (2015) results for Swedish Red x Holstein and 

for second to the third lactation for Holstein x Swedish Red. Somatic cells were 

included in both studies but different traits were used. Although different traits were 

used a similar trend could be seen, as HR had lower somatic cells than H.    

5.5 Percentage of standard deviation 

For traits like calving difficulty, stillbirth, survival, NINS and AVELSCC305 there 

seemed to be small differences between the values even though they are 

significantly different. One way to put the smaller values in perspective is to 

transform the difference into percentage of the phenotypic standard deviation 

(%SD) and then compare that too for example the differences in MY305 %SD. For 

instance, 10 %SD is 0.04 AVELSCC305 and 158 kg MY305 for lactation 1. For 

the above mentioned traits, most of the differences between crosses varied between 

5-15 %SD, which corresponds to 79-237 kg MY305 for lactation 1 and 95-284 kg 

MY305 for lactation 2-3. The highest difference was between J and RxJH in 

lactation 1 for the trait AVELSCC305, where the difference was 40 %SD, which 

corresponds to 0.16 AVELSCC305 or 632 kg MY305.          
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5.6 Heterosis 

In this study, the heterosis effect was not calculated per se although there was a 

heterosis effect for the crossbreds. For example, JH had 406 kg more MY305 than 

the mean value of J and H in lactation 1 which indicates a 5.5% heterosis effect. 

The estimated heterosis effect for HR and JR for MY305 in lactation 1 was 2.2% 

and 4.4%, respectively. Sørensen et al. (2008) found an expected heterosis effect 

for production to be 3% which was similar to the estimated effect this study found. 

Sørensen et al. (2008) also found a higher expected heterosis effect for fertility, 

10%, than this study. The estimated heterosis effect for JH was somewhere between 

2-6% for calving interval, calving to first insemination, calving to last insemination 

and number of inseminations. First to last insemination was the only trait that had 

a higher estimated heterosis effect of 12.6%. Since this study did not include any 

purebred M it was not possible to do any estimates of the heterosis effect for M 

cross.  

5.7 Future research  

It would be interesting to do a similar study as Clasen et al. (2020) where SimHerd 

Crossbred was used to simulate different base herds, and within each herd, there 

were different breeding strategies for crosses between Holstein and Swedish Red. 

This could be used to compare the two-way crosses JR, JH, MR and MH to purebred 

H and R, and for comparing the three-way crosses HxJR, JxHR, RxJH, HxMR, 

MxHR and RxMR to purebred H and R. When doing the simulation, it would also 

be interesting to include the income and cost for the different trait used in this study 

to calculate the economic profit for the two-way crosses, three-way crosses and 

purebreds.  

The current study includes results for backcrosses and Brown Swiss crosses that 

would be interesting to analyse similarly to the J crosses and M crosses. This study 

found purebred J to have a significantly higher percentage of stillbirth compared to 

purebred H and R in lactation 1. Although, the J had a significantly lower 

percentage of calving difficulty compared to H and R in lactation 1. Further 

research is needed to answer why the J has a higher percentage of stillbirth and a 

lower percentage of calving difficulty compared to H and R.            
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The hypothesis for this study was that crossbreds perform better than the purebreds 

in fertility, calving, production and survival traits. This is true for some breed 

groups. The J cross (JR, JH, HxJR, JxHR, RxJH) was always similar or better than 

J for all the traits. The same result was shown for fertility traits when comparing J 

cross to H and R. The M cross (MR, MH, HxMR, MxHR, RxMH) was also similar 

to or better than H and R for fertility traits. For MY305, FAT305 and PROT305 

MH were similar to or better than H and R. Calving difficulty and stillbirth were 

lower, and survival was higher for MxHR compared to H.  

6. Conclusions 
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I Sverige har användningen av korsningsavel för mjölkkor ökat under de senaste 

åren. Trots detta finns det ingen studie gjord på svenska data om hur korsningar 

mellan Holstein (H), Svensk Röd (R), Jersey (J), Montbéliarde (M) och Brown 

Swiss (B) presterar i jämförelse med renrasig H, R och J. Syftet med denna studie 

var och jämföra korsningar mellan de nämnda raserna mot de renrasiga för 

egenskaper kopplade till fertilitet, kalvning, produktion och överlevnad. En 

anledning till att korsningsavel har ökat är att man vill komma åt korsningseffekten 

som har positiv påverkan på egenskaper med låg arvbarhet, som till exempel 

fertilitet. Den förväntade korsningseffekten är 10 % för fertilitet medan den är 3 % 

för produktion.  

För alla egenskaper som ingick i studien var J-korsningar (JR, JH, HxJR, JxHR och 

RxJH) (fader x moder) bättre eller lika bra som J. För fertilitet var J-korsningar 

bättre eller lika bra som H och R. Litteraturen stödjer till viss del att JH har bättre 

fertilitet än H men inte för alla egenskaper. Till exempel visar en studie att antal 

dagar från kalvning till första insemination är lägre för JH än H medan en annan 

studie visar tvärtom. Denna studie visade att JH har färre svåra kalvningar än H 

medan litteraturen inte funnit någon skillnad mellan JH och H. En studie fann 

samma resultat som vi, att mjölk- och proteinmängden var lägre och att det inte var 

någon skillnad för fettmängden mellan JH och H.  

I USA har det gjorts ett flertal studier på Montbéliarde-korsningar. Denna studie 

och studierna från USA fann liknade resultat för Montbéliarde-korsningar för 

fertilitets- och produktionsegenskaper, nämligen att MH, MxHR och RxMH hade 

bättre fertilitet än H och att mjölk-, fett- och proteinmängden var lika bra eller bättre 

för MH jämfört med H. Denna studie visar att MxHR har mindre 

kalvningssvårigheter och dödfödslar och en högre överlevnad till nästa laktation 

jämfört med H. Studierna från USA visar delvis samma resultat som vi, där 

överlevnad till nästa laktation var densamma dock såg de ingen skillnad för antal 

dödfödslar. I studierna från USA ingick inte kalvningssvårigheter. 

Slutsatsen är att J-korsningar presterar lika bra eller bättre än J för alla egenskaper, 

MH presterar lika bra eller bättre än H och R för produktionsegenskaper och MxHR 

presterar bättre än H för kalvningsegenskaper och överlevnad. 

Populärvetenskaplig sammanfattning 
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Table 22. The mean value, Standard deviation (SD), number of observations and the minimum and 

maximum for each trait in lactation 1 

Variable1 N Mean SD Minimum Maximum 

Calving difficulty 1 165 367 0.037 0.189 0 1 

Stillbirth 1 202 109 0.065 0.246 0 1 

PAR 1 203 399 1 0 1 1 

DIM 1 203 399 287 74 8 365 

CUMMILK 1 201 950 8466 2727 63 16 000 

CUMFAT 1 203 399 355 113 1 978 

CUMPROT 1 203 399 294 95 2 771 

MY305 797 007 8875 1580 1 322 14 999 

FAT305 797 309 369 62 32 917 

PROT305 797 309 306 52 46 633 

AVELSCC305 797 309 1.72 0.40 0 4 

AVELSCC 1 203 399 1.85 0.55 0 11 

CI 838 386 398 62 280 650 

CFI 1 041 592 86 37 20 230 

CLI 1 032 964 129 72 20 450 

FLI 1 035 253 41 61 0 365 

NINS 1 057 004 1.97 1.30 1 8 

Gestlength 676 804 281 4 275 303 

SURVNEXT 1 203 399 0.701 0.458 0 1 

AFC 1 203 399 833 99 578 1 156 
1 PAR = Parity, DIM = Days in milk, MY305 = Milk yield 305 days in kg, CUMMILK = 

Cumulative milk yield, FAT305 = Fat yield 305 days in kg, CUMFAT = Cumulative fat 

yield, PROT305 = Protein yield 305 days in kg, CUMPROT = Cumulative protein yield, 

AVELSCC305= Average LSCC 305 days, AVELSCC = Average LSCC, CI = Calving 

interval in days, CFI= calving to first insemination in days, CLI= calving to last 

insemination in days, FLI= first to last insemination in days, NINS= number of 

inseminations, AFC = Age at first calving in days, GESTLENGTH =Gestation length in 

days, SURVNEXT = Survival to lactation 2.   

Appendix 1 
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Table 23. The mean value, Standard deviation (SD), number of observations and the minimum and 

maximum for each trait in lactation 2-3 

Variable1 N Mean SD Minimum Maximum 

Calving difficulty 1 503 495 0.012 0.108 0 1 

Stillbirth 1 545 940 0.034 0.183 0 1 

PAR 1 547 550 2.4 0.49 2 3 

DIM 1 547 550 277 78 8 365 

CUMMILK 1 521 322 9472 3148 63 16 000 

CUMFAT 1 547 550 399 134 1 1 460 

CUMPROT 1 547 550 331 112 2 898 

MY305 913 940 10406 1896 1 346 15 000 

FAT305 929 618 434 78 48 1 280 

PROT305 929 618 361 65 51 748 

AVELSCC305 929 618 1.91 0.46 0 4 

AVELSCC 1 547 550 2.07 0.61 0 11 

CI 576 652 396 59 280 650 

CFI 1 245 936 85 36 20 230 

CLI 1 045 196 138 84 20 450 

FLI 1 042 610 49 75 0 365 

NINS 1 239 540 2.38 1.63 1 8 

Gestlength 471 845 281 4 275 303 

SURVNEXT 1 547 550 0.373 0.484 0 1 
1 PAR = Parity, DIM = Days in milk, MY305 = Milk yield 305 days in kg, CUMMILK = 

Cumulative milk yield, FAT305 = Fat yield 305 days in kg, CUMFAT = Cumulative fat 

yield, PROT305 = Protein yield 305 days in kg, CUMPROT = Cumulative protein yield, 

AVELSCC305= Average LSCC 305 days, AVELSCC = Average LSCC, CI = Calving 

interval in days, CFI= calving to first insemination in days, CLI= calving to last 

insemination in days, FLI= first to last insemination in days, NINS= number of 

inseminations, GESTLENGTH = Gestation length in days, SURVNEXT = Survival from 

lactation 2 to lactation 3.   
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Table 24. Least square means1 for six production traits and 29 different breed groups (crossbreds 

and purebreds) for cows in lactation 1 

 Production trait3 

Breed 

Group2 

MY305 CUMMILK FAT305 CUMFAT PROT305 CUMPROT 

R 7 999a 7 333a 350a 323abcd 283ab 261ab 

H 8 779b 8 261b 356bc 338efg 298cdef 282c 

J 6 097c 5 454c 356cde 323bcd 244g 220d 

HR 8 575def 7 992de 361fgh 339hij 296hi 278ef 

JR 7 358g 6 590f 375i 338fijk 275jk 248g 

JH 7 844hij 7 207ag 383j 354l 288l 266ahij 

MR 8 438ek 7 394agh 349abk 308m 291il 255bg 

MH 8 837b 8 247bi 361ehl 339fijk 303m 283cfk 

BR 8 086ahl 7 100aj 354achkm 312bm 288bl 252bg 

BH 8 352klmn 7 646hklm 352acek 324bcdn 290ln 267bjl 

BxHR 8 429fkn 7 388agm 356acehkl 316cdmo 293filop 259bgij 

HxBH 8 574efmo 8 154bei 351ackm 336dfijo 293filpq 280cfkl 

HxBR 8 767befo 7 918behim 364acehikl 329cdfijmo 303fhmop 274bcfjk 

HxHR 8 706o 8 161i 358em 339fij 297opr 280k 

HxJH 8 529efm 7 862dek 366lno 342fij 297finop 276fkl 

HxJR 8 278kln 7 741ehm 375ijn 351il 292filp 275cfikl 

HxMH 8 760bfo 8 203bei 355achkm 337dgjlo 300fimop 283cfkl 

HxMR 8 724bfo 8 090bdei 368fil 345gjl 303cmo 284cfk 

JxHR 7 492g 6 840fj 378ij 346fhl 280bk 257abgm 

JxJH 6 881p 6 023n 371io 329cdgjop 266s 234n 

JxJR 6 608q 5 868n 367lno 331cdgjo 257t 230n 

MxHR 8 751bo 8 031ei 359ceg 331knoq 300dmoq 277fkl 

RxBH 8 094ajkn 8 045beim 353acehkl 347agjln 288beilr 285cfhkl 

RxBR 8 281adkmn 7 116ajl 359acehklo 311cmq 293afilmop 255bgj 

RxHR 8 191ln 7 520hlm 352k 325bcdn 287l 265hijm 

RxJH 7 927ai 7 058aj 368gil 329bcdfjo 288bl 257bgj 

RxJR 7 785ij 7 093gj 359ceg 330cdekn 282ab 259ab 

RxMH 8 280kln 7 736dhm 350abdk 327bcdekn 290l 270ejl 

RxMR 7 621gi 7 198ajl 328p 310bmp 266jst 253bgj 
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1 Pairs of breed groups differ significantly (P < 0.05) if there are no subscripted letters in 

common. 
2 B = Brown Swiss, H = Holstein, J = Jersey, M = Montbéliarde, R = Swedish Red.  
3 MY305 = Milk yield 305 days in kg, CUMMILK = Cumulative milk yield, FAT305 = 

Fat yield 305 days in kg, CUMFAT = Cumulative fat yield, PROT305 = Protein yield 305 

days in kg, CUMPROT = Cumulative protein yield. 

Table 25. Least square means1 for two somatic cell count traits and 29 different breed groups 

(crossbreds and purebreds) for cows in lactation 1 

 Somatic cell count3 

Breed 

Group2 

AVELSCC305 AVELSCC 

R 1.71ab 1.87a 

H 1.75c 1.90b 

J 1.87d 2.03c 

HR 1.73ef 1.88d 

JR 1.79ghi 1.97ef 

JH 1.81ghjk 1.97ef 

MR 1.7bcel 1.96efg 

MH 1.75cfil 1.91bdgh 

BR 1.67aem 1.86abd 

BH 1.82dh 1.96efh 

BxHR 1.77bcfghkl 1.95bcdf 

HxBH 1.76bcefhl 1.91abdf 

HxBR 1.74bcefghkl 1.82abd 

HxHR 1.74ef 1.88di 

HxJH 1.75cfil 1.89abdh 

HxJR 1.76bcfhl 1.91abdf 

HxMH 1.75bcefhl 1.91abdf 

HxMR 1.71bcel 1.87abd 

JxHR 1.83dh 1.99cf 

JxJH 1.85dk 2.05c 

JxJR 1.84dg 2.00ce 

MxHR 1.75cfi 1.9bdghi 

RxBH 1.73bcefghl 1.82abd 

RxBR 1.71bcefijl 1.85abdgh 

RxHR 1.72lm 1.87ai 

RxJH 1.71bcel 1.87abdgh 

RxJR 1.74cel 1.89abd 

RxMH 1.71bcel 1.9abdgh 

RxMR 1.68bcel 1.84abd 
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1 Pairs of breed groups differ significantly (P < 0.05) if there are no subscripted letters in 

common. 
2 B = Brown Swiss, H = Holstein, J = Jersey, M = Montbéliarde, R = Swedish Red.  
3 AVELSCC305= Average LSCC 305 days, AVELSCC = Average LSCC. 

Table 26. Least square means1 for six fertility traits and 29 different breed groups (crossbreds and 

purebreds) for cows in lactation 1 

 Fertility trait3 

Breed 

Group2 

CI CFI CLI FLI NINS AFC 

R 405abc 95a 140abc 41abc 1.96ab 859ab 

H 412d 98b 149d 45de 2.02cd 856c 

J 406bc 94a 140abc 42cf 2.02cd 874d 

HR 406bc 96cd 141ac 40bcg 1.93ef 851ef 

JR 399e 90e 131e 36hi 1.88ef 857acg 

JH 402ce 94ac 136bef 38ci 1.90bf 867h 

MR 401ce 93ace 132ef 33gi 1.80f 844eij 

MH 406cfgh 93ac 142bcg 43cef 1.97abde 841j 

BR 411cdfh 94abdef 144cdfg 49aefj 2.13ac 858bcfhk 

BH 410cdfh 93acef 139cefg 40cefi 1.93abdf 851bcfjk 

BxHR 398bce 94abdef 132cef 37ceij 1.99bcf 849bcfjk 

HxBH 411cdfh 94adef 147adg 51df 2.19c 851bcfjk 

HxBR 394ce 90adef 128cef 34ceij 1.73bdf 860bcdfhik 

HxHR 409f 97fg 145g 43fj 1.97ab 853gk 

HxJH 410bdf 98bdg 147dg 42bcefh 1.98abde 856bcfk 

HxJR 397aeg 91ae 138cefg 42cefi 1.93abdf 846fjkl 

HxMH 407cdef 96abdf 143cdefg 42cefi 2.02bcf 845fjkl 

HxMR 408cdfgh 95abdf 139cefg 40ceij 1.88bdf 846fjk 

JxHR 400bce 96abdf 143cdfg 43cefi 1.87bdf 858bcfhk 

JxJH 404cef 92ace 136acef 42cefi 1.97bcf 868dh 

JxJR 401ce 92ae 132eh 35bi 1.91bdf 865ah 

MxHR 402ce 94ac 138acfh 39ci 1.90bf 844ij 

RxBH 407cdef 93abdef 137cdefg 39cefi 1.95bcf 877dh 

RxBR 402cdef 90acef 133cefg 44cefi 2.04bcf 855bcfhjk 

RxHR 403eh 95a 139acf 40ci 1.95be 855cl 

RxJH 401cef 92ace 133cef 39cefi 1.85bdf 849bcfjk 

RxJR 406cfgh 94ac 138acef 40cij 1.90bf 858acg 

RxMH 409cdfh 97abdf 143cdfg 40cefi 1.92abdf 839j 

RxMR 400cdef 95abdef 131acef 30bi 1.76bf 847bcfjk 
1 Pairs of breed groups differ significantly (P < 0.05) if there are no subscripted letters in 

common. 
2 B = Brown Swiss, H = Holstein, J = Jersey, M = Montbéliarde, R = Swedish Red.  
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3 CI = Calving interval in days, CFI= calving to first insemination in days, CLI= calving to 

last insemination in days, FLI= first to last insemination in days, NINS= number of 

inseminations, AFC = Age at first calving in days. 

Table 27. Least square means1 for three calving traits and survival for 29 different breed groups 

(crossbreds and purebreds) for cows in lactation 1 

 Calving trait3 Survival4 

Breed 

Group2 

Calving 

difficulty 

Stillbirth GESTLENGTH SURVNEXT 

R 3.0ab 4.6ab 281.2abc 56abc 

H 4.4c 7.4cd 281.0de 57de 

J 2.1def 10.0e 283.6f 54fg 

HR 3.6ghi 5.5fghi 281.1bgh 60hi 

JR 1.5e 5.4abijk 281.8i 59bdij 

JH 1.8ef 6.0abcijk 281.2cegh 60ij 

MR 4.3bci 5.9abdik 281.5cehi 56ceghj 

MH 4.5ci 6.8dgk 281.7ij 59ceij 

BR 5.6chj 6.0abdik 283.8f 54ceghj 

BH 3.6bcei 7.1bdik 284.0f 51ag 

BxHR 2.3bcei 6.1abdeik 284.0f 58cegij 

HxBH 3.4bcei 3.5aik 281.7chik 56ceghj 

HxBR 5.6bcei 4.7abdeik 282.4il 62cegij 

HxHR 3.9hi 6.2jk 281.1egh 58j 

HxJH 3.1behi 5.0abijk 281.2ceghj 58ceij 

HxJR 2.0bei 2.8ah 281.4ceghi 60ceij 

HxMH 4.2bcei 10.1de 281.5ceghi 60cegij 

HxMR 5.3chj 6.0abdik 281.4ceghi 64i 

JxHR 2.5bcei 6.5abdik 282.0ik 55ceghj 

JxJH 2.4bei 9.1de 282.6kl 53ceg 

JxJR 1.4aef 8.8de 282.9l 54ceg 

MxHR 3.2bfhi 5.5abijk 281.0begh 60ij 

RxBH 2.0bcei 2.1abcijk 281.5ceghik 61cegij 

RxBR 4.6bcei 4.7abdik 281.8cehil 57cegij 

RxHR 3.1bj 4.6ab 281.2cgh 58ej 

RxJH 2.4bcei 8.0defj 281.0ceghj 56cegij 

RxJR 2.0be 4.1ai 281.5ci 58ceij 

RxMH 1.7beg 3.5ai 280.6adg 58cegij 

RxMR 5.4bcdi 4.6abdik 281.9cehil 62cefij 

1 Pairs of breed groups differ significantly (P < 0.05) if there are no subscripted letters in common. 

2 B = Brown Swiss, H = Holstein, J = Jersey, M = Montbéliarde, R = Swedish Red.  

3 Calving difficulty and Stillbirth in %, GESTLENGTH =Gestation length in days. 

4SURVNEXT = Survival to lactation 2 in %.  
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Table 28 Least square means1 for six production traits and 29 different breed groups (crossbreds 

and purebreds) for cows in lactation 2-3 

 Production trait3 

Breed 

Group2 

MY305 CUMMILK FAT305 CUMFAT PROT305 CUMPROT 

R 9 215a 8 021ab 401a 350a 327a 285ab 

H 10 401bc 9 377c 424b 387bc 354b 323c 

J 7 017d 6 146d 412cd 366def 285c 252d 

HR 10 006efgh 8 937ef 421ef 379ghi 346de 311ef 

JR 8 389i 7 461g 427bg 382bhij 318f 283bg 

JH 8 913j 7 890ah 441h 392c 333g 296hi 

MR 9 762klm 8 332bij 407adi 350ak 337ghi 289bi 

MH 10 527c 9 326ck 431gj 386cijl 363j 326cj 

BR 9 375an 8 339bij 412cdei 368fhkm 334gik 296aik 

BH 9 998fhm 8 872fl 421bdfj 378cfhijl 346ehlm 311fklm 

BxHR 9 473akno 8 449bijl 410acdei 366afhklmn 334agi 297beik 

HxBH 10 154ghp 9 415ck 419bdf 391cij 347ehm 324cl 

HxBR 10 094bhmp 9 254cfk 429begh 398cijo 355bejm 330cfm 

HxHR 10 261p 9 206k 424b 384jn 351m 318jlm 

HxJH 9 948ghl 8 879fl 433g 391cj 347de 313elm 

HxJR 9 708mo 8 663fi 435gh 390cij 342ei 307fhkm 

HxMH 10 242chp 9 122cefk 425bcfg 382cfhijl 350bem 312cfhkm 

HxMR 10 255cfp 9 142cfk 432bfgh 388chij 354bdjm 322cfmn 

JxHR 8 650q 7 580gh 434gh 380cehijlm 325afk 285bgi 

JxJH 7 777r 6 877m 432gj 385chij 307n 273go 

JxJR 7 639r 6 598m 427bfg 373dfhlo 301n 261o 

MxHR 10 073efgh 8 984f 412cdk 368dfm 345deh 308ekn 

RxBH 9 687elmn 8 631fj 421bdfgi 375cfhijklm 342begm 306cfikm 

RxBR 9 314ano 8 142bhij 408acdeil 357afgkm 331agi 291bgik 

RxHR 9 482n 8 327j 406i 358k 332gk 293i 

RxJH 9 258a 8 224aj 425bfgl 382cijlm 337gil 299ik 

RxJR 8 920j 7 746h 406ik 356ak 324a 282bg 

RxMH 9 679lmn 8 485ijl 410acdi 356adk 337ghi 293bhi 

RxMR 9 747gmn 8 435beijl 403adi 353afk 334aghi 292bgik 
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1 Pairs of breed groups differ significantly (P < 0.05) if there are no subscripted letters in 

common. 
2 B = Brown Swiss, H = Holstein, J = Jersey, M = Montbéliarde, R = Swedish Red.  
3 MY305 = Milk yield 305 days in kg, CUMMILK = Cumulative milk yield, FAT305 = 

Fat yield 305 days in kg, CUMFAT = Cumulative fat yield, PROT305 = Protein yield 305 

days in kg, CUMPROT = Cumulative protein yield. 

Table 29. Least square means1 for two somatic cell count traits and 29 different breed groups 

(crossbreds and purebreds) for cows in lactation 2-3 

 Somatic cell count3 

Breed 

Group2 

AVELSCC305 AVELSCC 

R 1.90ab 2.09ab 

H 1.96c 2.15cde 

J 1.99d 2.18fg 

HR 1.94ef 2.12hi 

JR 1.96cfgh 2.13eij 

JH 1.99dg 2.19g 

MR 1.85ai 2.08bi 

MH 1.94bcfhj 2.13aefik 

BR 1.96cdfhjk 2.12begij 

BH 1.94bcdfhij 2.18eghj 

BxHR 1.89abcfhj 2.15aegij 

HxBH 1.94bcdfhij 2.1beij 

HxBR 1.86abfj 2.03bil 

HxHR 1.95hj 2.14jklm 

HxJH 1.97cdehl 2.17dgk 

HxJR 1.94bcdfhj 2.18eghj 

HxMH 1.97bcdfhj 2.11begij 

HxMR 1.90abcfhj 2.08bcim 

JxHR 1.93bcdfhij 2.17eghjm 

JxJH 1.96cdfhjm 2.15egij 

JxJR 1.98cdh 2.16eghjm 

MxHR 1.93bfjl 2.11bij 

RxBH 1.93abcdfhj 2.12begij 

RxBR 1.98bcdfhj 2.12begij 

RxHR 1.91bikm 2.09ab 

RxJH 1.94bcdfhj 2.08bil 

RxJR 1.89abk 2.12aij 

RxMH 1.94bcdfhij 2.11befik 

RxMR 1.80a 2.01b 
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1 Pairs of breed groups differ significantly (P < 0.05) if there are no subscripted letters in 

common. 
2 B = Brown Swiss, H = Holstein, J = Jersey, M = Montbéliarde, R = Swedish Red.  
3 AVELSCC305= Average LSCC 305 days, AVELSCC = Average LSCC. 

Table 30. Least square means1 for six fertility traits and 29 different breed groups (crossbreds and 

purebreds) for cows in lactation 2-3 

 Fertility trait3 

Breed 

Group2 

CI CFI CLI FLI NINS 

R 397ab 91ab 150abc 52ab 2.34ab 

H 410c 97c 163d 59c 2.48cd 

J 401defgh 91bde 151bc 54abd 2.43ef 

HR 401efgh 94f 155e 55de 2.41eg 

JR 393a 90bde 146cf 52bef 2.34aeh 

JH 395ai 91abeg 147cf 52bef 2.34aeh 

MR 379j 88be 142cf 42f 2.14a 

MH 403bchkl 91bdef 157bdegh 62cdg 2.61d 

BR 402abchl 88be 150cefh 54bcdfh 2.44bdfghi 

BH 401abchl 93bdefh 149cefh 53bcdfh 2.37adfgh 

BxHR 409bchl 91bdefh 147cefh 48bcdfh 2.34adfgh 

HxBH 397abhl 94bcdfh 149cefh 56bcdfh 2.43bdfghi 

HxBR 399abchjl 90bcdefh 158acdeh 52bcdfh 2.65bdfgh 

HxHR 406l 95h 159h 57gh 2.45f 

HxJH 405chl 94fgh 156beh 57bcdh 2.44dfgh 

HxJR 402abchl 94acdfh 155acdeh 50bcdfh 2.22ai 

HxMH 402abchl 97acfh 157acdeh 52bcdfh 2.31adfgh 

HxMR 395abhjl 93bcdefh 156acdeh 52bcdfh 2.35adfgh 

JxHR 396abgh 92bdefh 155acdeh 49befh 2.34acfgh 

JxJH 409cgl 92bdefh 153aceh 55bcdfh 2.47bdfgh 

JxJR 395abf 88e 142af 49bef 2.39bcfghi 

MxHR 400bghi 89be 153ce 55bcdh 2.38bfghi 

RxBH 406abchl 86bde 162acdeh 58bcdfh 2.41adfgh 

RxBR 388abhj 93bcdefh 152cdefh 50bcdfh 2.33adfgh 

RxHR 396ab 91ab 150abc 52ab 2.35bhi 

RxJH 396abh 92bdefh 150cefh 49befh 2.31acfgh 

RxJR 395abd 90bde 147cfg 52befh 2.31agh 

RxMH 394abh 95acfh 146cef 49befh 2.35acfgh 

RxMR 388aeijk 92bcdefh 130f 38af 2.22acfgh 
1 Pairs of breed groups differ significantly (P < 0.05) if there are no subscripted letters in 

common. 
2 B = Brown Swiss, H = Holstein, J = Jersey, M = Montbéliarde, R = Swedish Red.  
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3 CI = Calving interval in days, CFI= calving to first insemination in days, CLI= calving to 

last insemination in days, FLI= first to last insemination in days, NINS= number of 

inseminations. 

Table 31. Least square means1 for three calving traits and survival for 29 different breed groups 

(crossbreds and purebreds) for cows in lactation 2-3 

 Calving trait3 Survival4 

Breed 

Group2 

Calving 

difficulty 

Stillbirth GESTLENGTH SURVNEXT 

R 1.0ab 3.2ab 281.5abc 23ab 

H 1.4cd 3.3cde 281.4defg 22cd 

J 0.7e 4.9f 283.8h 24efg 

HR 1.3ab 3.0gh 281.4ceg 25fgh 

JR 1.2ade 4.1adf 282.3ij 28i 

JH 0.7be 2.9abeh 281.7ceg 25bfgh 

MR 1.2ade 1.6beh 281.7cgj 27bghi 

MH 1.1ade 2.7abeh 281.8cgj 25bdgi 

BR 0.8ade 2.6abeh 284.9kl 27bghi 

BH 0.8ade 2.4abeh 283.2hi 22adeg 

BxHR 2.3ade 2.0abeh 285.5l 28bdgi 

HxBH 1.3ade 3.8befhi 282.1cefi 19ac 

HxBR 0.6ade 4.7befhi 282.0cegijm 24adegi 

HxHR 1.3abd 3.2abe 281.4eg 23be 

HxJH 0.9bde 2.7abeh 281.6ceg 24bdfg 

HxJR 1.5ade 2.2abeh 281.3ceg 28gi 

HxMH 0.1bde 1.2abeh 280.8cg 23adegi 

HxMR 1.7ade 3.1befhi 280.9cg 25adegi 

JxHR 0.3bde 4.4aefgi 281.9cegjn 24adegi 

JxJH 0.6bde 5.6f 282.6ijm 25bdgi 

JxJR 0.5be 3.8befhi 283.3hm 26bghi 

MxHR 0.5e 2.2bh 281.4ceg 26ghi 

RxBH 0.7ade 2.5befhi 282.4ceghij 23adegi 

RxBR 3.1ac 4.8befhi 283.4hikn 28bdgi 

RxHR 1.3ad 3.0bhi 281.5ceg 24fgh 

RxJH 1.0ade 3.9befhi 280.9bg 27egi 

RxJR 1.2ade 3.5abeh 281.8cdj 23adehj 

RxMH 1.0ade 3.6befhi 281.2ceg 27bghi 

RxMR 0.1bde 0.3bch 282.5aeijm 30fij 

1 Pairs of breed groups differ significantly (P < 0.05) if there are no subscripted letters in common. 

2 B = Brown Swiss, H = Holstein, J = Jersey, M = Montbéliarde, R = Swedish Red.  

3 Calving difficulty and Stillbirth in %, GESTLENGTH =Gestation length in days. 

4SURVNEXT = Survival from lactation 2 to lactation 3 in %.  
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