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ABSTRACT

Our aim was to map the performance of local (native)
dairy cattle breeds in Austria, Switzerland, Poland,
and Sweden with regard to production, fertility, longev-
ity, and health-associated traits and to compare them
with commercial (modern) breeds. For this purpose, we
analyzed test-day records (July 1, 2011, to June 30,
2014) and treatment records (Austria, Sweden) of cows
managed on organic farms. We performed country-wise
comparisons of 123,415 lactations from Original Braun-
vieh (OB) and Grey Cattle (AL) with Braunvieh (BV;
Brown Swiss blood >60%) in Switzerland; AL with BV
(Brown Swiss blood >50%) in Austria; Polish Black
and White (ZB), Polish Red and White (ZR), and Pol-
ish Red (RP) with Polish Holstein Friesian (PHF) in
Poland; and Swedish Red (SRB) with Swedish Holstein
(SH) in Sweden. Average milk yields were substantially
lower for local compared with commercial breeds in
all countries; differences ranged from 750 kg (Sweden)
to 1,822 kg (Austria), albeit on very different average
levels. Local breeds showed a longer productive lifetime
by 0.64, 0.83, 1.42, and 0.20 lactations in Switzerland,
Austria, Poland, and Sweden, respectively, again on
very different levels in each country. Regarding fertil-
ity traits, calving interval was shorter in local than in
commercial breeds by 13 (Sweden), 14 (Switzerland),
and 20 d (Austria, Poland). Insemination index was
lower in certain local breeds by 0.15 (Switzerland), 0.14
(Austria), 0.21 (Poland), and 0.13 (Sweden). Several
local breeds showed a lower proportion of cows with
>100,000 somatic cells/mL. This was the case in Swit-
zerland (OB 24.2%; BV 35.8%), Austria (AL 25.3%;
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BV 36.9%), and Sweden (SRB 42.4%; SH 43.4%). In
contrast, the respective proportion in Poland exceeded
82% in all breeds except the commercial PHF (76.1%).
In Sweden, lactations with veterinary treatments were
considerably less prevalent in SRB (15.6%) than in SH
(21.7%). In Austria, breeds differed only in treatments
for udder disorders, which favored AL. In conclusion,
the markedly lower milk yields of local breeds are partly
counterbalanced by (somewhat inconsistent) advan-
tages in longevity, fertility, and health traits across 4
Furopean countries. This indicates that the robustness
of local breeds can contribute to improved sustainabil-
ity of organic dairy systems.

Key words: organic agriculture, local dairy breed,
robustness, longevity

INTRODUCTION

Organic dairy systems are characterized by a strong
dependency on local feed resources, higher shares of
pasture-based feeding, and lower amounts of concen-
trate feeding, as well as stronger restrictions regarding
medical drug use (EC, 2007). Therefore, cows with a
high genetic production potential as selected over the
last decades under high-input conditions (Ingvartsen et
al., 2003; Knaus, 2009) may not perform as well under
organic conditions. Moreover, high production levels
are known to be accompanied by declines in terms of
health, fertility, and longevity (Knaus, 2009; Stiglbauer
et al., 2013). Genetic antagonisms between produc-
tion and different functional traits, such as fertility
(e.g., Kelm et al., 2000; Pritchard et al., 2013; Berry
et al., 2014) and disease incidences of different health
problems (e.g., Ingvartsen et al., 2003; Oltenacu and
Broom, 2010; Pritchard et al., 2013), have been re-
ported in studies and reviews, including critical discus-
sion of variations and inconsistencies between studies
(e.g., Oltenacu and Broom, 2010; Berry et al., 2014).
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Lower-yielding dairy cows can show greater resistance
to disease than high-yielding dairy cows intensively
selected for production, especially with regard to ud-
der health, fertility, longevity, and metabolic disorders
(e.g., Bytydi et al., 2005; Gandini et al., 2007; Curone
et al., 2016, 2018).

Consequently, organic standards indirectly or explic-
itly recommend the use of local breeds, for example, by
stating that “the choice of breeds should take account
of their capacity to adapt to local conditions” (EC,
2007). Nevertheless, several studies have revealed that
dairy breeds on organic farms do not differ substan-
tially from those on conventional farms: Holstein Frie-
sian (HF) cattle with high genetic merit for milk pro-
duction are widespread on many organic farms across
Europe (Nauta et al., 2005, the Netherlands; Marley
et al., 2010, United Kingdom; Ivemeyer et al., 2018,
Germany; Krieger et al., 2017, Germany, France, Spain,
and Sweden). The preference for certain cattle breeds
and crossbreds is linked to the management intensity
and farm type. For instance, Nauta et al. (2009) found
that farmers of specialized and high-input farms prefer
HF cows or their crosses, whereas low-input farmers
and those classified as multifunctional due to a higher
diversification of their farm business preferred native
Dutch breeds.

Several studies have compared dairy cattle breeds
from different populations or strains with different
genetic merits for milk production and fertility under
low-input or grassland-based production conditions
without focusing on organic farming (e.g., Macdonald
et al., 2008; Coleman et al., 2009, 2010). Others have
explicitly investigated differences between organic and
conventional farms but usually without differentiating
between breeds (e.g., Ahlman et al., 2011).

Studies on organic farmers’ breeding goals show
slightly higher importance given to fertility-, udder-,
and longevity-related traits compared with breeding
goals of conventional farmers (Bapst et al., 2005, Swit-
zerland; Simianer, 2007, Germany; Ahlman et al., 2014,
Sweden). For example, Ahlman et al. (2014) reported
that Swedish organic dairy producers tended to give
higher preference to disease resistance, including mas-
titis resistance, than conventional producers, whereas
Slagboom et al. (2016) reported that Danish organic
farmers with only Holstein cows gave highest preference
to improving cow fertility followed by milk production
and calf mortality.

To develop sustainable animal breeding strategies, it
is essential to broaden the definition of breeding goals
by balancing productivity with functional traits such
as health and fertility (Olesen et al., 2000; Fuerst-Waltl
et al., 2016) and by choosing appropriate dairy breeds
as a preventive health strategy for organic dairy sys-

5331

tems (Marley et al., 2010). Regarding the latter, it is
necessary to gain knowledge of the actual performance
of dairy cows, including local breeds managed under
organic conditions. Therefore, we aimed to assess the
performance of local breeds compared with commercial
dairy breeds on organic farms in Austria, Switzerland,
Sweden, and Poland with regard to production level,
fertility, longevity, and health-associated traits.

MATERIALS AND METHODS
Data

Data for this study originated from cows lactating
from July 1, 2011, to June 30, 2014, and managed un-
der organic farming conditions. The data set contained
123,415 test-day records from Swiss, Austrian, Polish,
and Swedish farms. Veterinary treatment records of
6,908 and 59,878 lactations of Austrian and Swedish
cows, respectively, were also analyzed.

A detailed overview on number of herds, cows and
lactations by country, including distributions over lac-
tations and proportion of lactation records obtained
from cows managed under mountainous grazing condi-
tions per breed within country, is provided in Table 1.

In Switzerland, the competence center for informatics
and genetics of Swiss breeding organizations, Qualitas
AG (Zug, Switzerland) provided test-day records for
the 2 dual-purpose local breeds, Grey Cattle (AL) and
pure Original Braunvieh (OB), which we compared
with the commercial dairy breed Braunvieh (BV) with
at least 60% Brown Swiss (BS) blood. Organic herds
were identified via a list provided by the federation
of organic farmers in Switzerland, Bio Suisse (Basel,
Switzerland). Because a study comparing data on SNP
of Grey Cattle of Swiss and Austrian origin concluded
that distinction of animals by national origin is not
possible at the molecular level (C. Drégemiiller, Uni-
versity of Bern, Bern, Switzerland, unpublished data),
we decided to code both breeds identically as AL. The
Brown Cattle population consists of 3 subpopulations,
the Original Braunvieh (OB), the US-Brown Swiss
(BS), and Braunvieh (BV), the latter being a cross
of OB and BS (Hagger, 2005). Recent genetic stud-
ies show clearly separated clusters for OB and BV in
terms of genetic distances (Signer-Hasler et al., 2017).
Given the fact that we chose high thresholds of Brown
Swiss blood in Swiss and Austrian data, we coded both
commercial Brown Cattle populations as BV, assuming
similar populations in both countries.

In Austria, the local dual-purpose breed Tyrolean
Grey Cattle (AL) was compared with BV with at least
50% BS blood. The data set was provided by ZuchtData
EDV-Dienstleistungen GmbH (Vienna, Austria), which
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ks SN - | is a subsidiary company of the Federation of Austrian
é o835 S¥es £ Cattle Breeders, ZAR (Vienna, Austria).

5 I R 5% = The Polish data set was provided by the Polish na-
2 g :5 tionwide system for the dairy cattle breeding evalu-
g & N |- ation, SYMLEK, owned by the Polish Federation of
= £ 83k 88=2x | Cattle Breeders and Dairy Farmers (Warsaw, Poland).
g 2loEg £ It contained records from 3 local breeds: Polish Red
;8; S} (RP), which is an old local breed, now representing less
< = than 1% of the Polish dairy population, Polish Black
2 - me o | and White (ZB), and Polish Red and White (ZR),
o T RRE BR=XY |3 i i i

g a 83 S which both had herdbooks installed in 2008 and are old
g - I compact dual-purpose cow types with less than 50%
& o 1= 03 © e Holstein genes (PFHBiPM, 2018). These 3 local breeds
*5 - E|BEs JIEESE _g ge‘re. cor?gzli;%d) Zlvi"Ch ‘i)he Sommercial Polish Holstein
< g - riesian awry breed.

=l ig —i The Swedish data set was provided by the Swedish
= g |mow sregg|l Official Milk Recording Scheme, Vaxa (Uppsala, Swe-
= N [T8 §» oo E den), containing records from the local breed Swedish
& g Red (SRB) and the commercial breed Swedish Hol-
& 00 00 © 00 < ) stein (SH).

E S “Hg SA=REIT T We(deci)ded to code the 2 Holstein populations in
8 S Poland and Sweden as PHF and SH, respectively, be-
B2 g cause we assumed that the genetic structure of these
;; § _ens ; ; § g § § populat‘i(?ns differs.: PHF originates from crossbreeding
ET| _ | R [®28 = of tradltlonafl Poh.sh‘ ZR and ZB dual-purpose cattle
=% E — = with Holstein Friesian (PFHBiPM, 2018), whereas
gg j o E SH originates from the breed Svensk Laglands.boskap
Ep- 3 legy Sssoa i (SLB, previously called Swedish Friesian), which was
55 < |9Fe 2 extensively crossed with North American Holstein Frie-
o8 QlT sian genes over several decades (Bett et al., 2010).

54 s mew Sad e i Traits Investigated

sz & |ZEE RRERRIE

E . Ik % Milk yield was corrected to a fat content of 4.0% and
E % E & a protein content of 3.4% (i.e., ECM) by applying the
28| m|ace doagell following formula (Heller and Potthast, 1990):

2|5 |0 |REF NPT >

"2 2 e p ECM (kg) = milk (kg) x [0.38 x (fat %)

Z 5 < - : ¢

'fg : 2 lrgy 5528 : +0.21 x (protein %) + 1.05]/3.28.

k= A 2

g :;j . Tgé Further production traits investigated were milk pro-
EF S E|5e tein and milk fat contents (%).

%3 = gle= Data on lifetime production (LIFEPROD; kg of
g8 2 = Eg"q': ECM) and productive lifespan (LIFESPAN; number
8"‘:: z %D Oﬁmg of lactations) were limited to cows culled within the
B % E % é’u':‘ study period. Data on LIFEPROD were not available
£ 3 E 2|85 for Sweden and Poland.

E 2 2 g ?E Fertility traits investigated were days open, calving
ié 2 <8 =% = interval (days), and number of inseminations until con-
Zs*g . i = gg ception. The proportion of records of the first 9 test-
H';i . é/‘é\ é% - g f% day records per lactation having SCC >100,000 cells/
23 2 %EEE TEEE ?.3[;! mL of milk (SQCIOO) was used as an indicator for
58 F|EEREES £2 glax subclinical mastitis (Hamann, 2005).
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Data on veterinary treatments were only available
for Austria and Sweden and coded as binary vari-
ables (yes or no) at the lactation level for treatment
of udder (UDDER) and fertility disorders (FERT),
metabolic diseases (META), and any veterinary treat-
ment (VET). Austrian data contained veterinary claw
treatment data (TRCLAW), whereas remarks on
claw condition at trimming (yes/no, RECLAW) were
analyzed in the Swedish data set. Austrian data on vet-
erinary treatments originated from the Austrian health
monitoring program, as described by Egger-Danner et
al. (2012), and the Swedish data originated from the
Swedish Official Milk Recording Scheme (Véxa Sverige,
2015).

Only completed lactations with calving and drying
off within the study period were included. The accepted
interval for milk yield of standard lactations was 500 to
22,000 kg of ECM, 1.5 to 9.0% for milk fat content, and
1.0 to 7.0% for milk protein content. If one of the pro-
duction measures exceeded the limits, all records from
that lactation were discarded. The fertility records were
restricted to the following intervals: 250 to 700 d for
calving interval, 20 to 400 d for days open, and 1 to
8 for number of inseminations. Valid data for SCC100
had to range from 0 to 100%, and for the binary traits
(UDDER, FERT, META, VET, TRCLAW, and RE-
CLAW), only 0 and 1 were accepted as valid entries.

Statistical Analysis

Swiss, Austrian, and Polish Data. Differences
between dairy breeds were analyzed using linear mixed
effects models for the traits ECM, milk protein, fat con-
tent, days open, and calving interval, and mixed effects
logistic regression models for the trait SCC100 with
logit link and binomial distribution; for the traits VET,
UDDER, FERT, META, TRCLAW with a negative
binomial distribution; and with Poisson distribution
for number of inseminations applying the lme4 pack-
age (Bates et al., 2015) in the R environment (versions
3.2.4 and 3.2.5; R Core Team, 2016).

Austrian and Polish data sets were analyzed sepa-
rately using model [1] and Swiss data sets using model
[2]:

Yijklmno = + bi + 1j + YTk + 5€; + HlOllIltm
+ herd, + cow, (herd,) + €jmno, [1]
where Yjmn, 18 the response variable; p = overall mean;
b; = fixed effect of breed i (i for Austria = AL or BV,

and for Poland = ZB, ZR, RP, or PHF, respectively);
l; = fixed effect of lactation j (j = 1, 2, 3, or >4); yry
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= fixed effect of year of calving k (k = 2011-2014); se
= fixed effect of calving season 1 (1 = quarter 1, 2, 3
or 4); mount,, = fixed effect of mountainous grazing m
(m = yes or no); herd, = random effect of herd n; cow,
(herd,) = random effect of cow o nested within herd n;
and €, = random error.

Yijklmnop =M + bi + lj + Yry + 5€ + InOUIltm
+ zone, + herd, + cow, (herd,) + €jmmnop, 2]

where Yijammep 1S the response variable; p = overall
mean; b; = fixed effect of breed i (i = AL, OB, or BV);
l; = fixed effect of lactation j (j = 1, 2, 3, or >4); yry
= fixed effect of year of calving k (k = 2011-2014); se|
= fixed effect of calving season 1 (1 = quarter 1, 2, 3,
or 4); mount,, = fixed effect of mountainous grazing m
(m = yes or no); zone, = fixed effect of zone n (n =
valley region, mountain region 1, mountain region 2,
mountain regions 3 and 4); herd, = random effect of
herd o; cow, (herd,) = random effect of cow p nested
within herd o; and €yne, = random error.

The models to analyze LIFESPAN and LIFEPROD
only included the fixed effect of breed and the random
effect of herd. Visual inspection of residual plots did
not reveal an obvious deviation from homoscedasticity
or normality, except for the variables days open and
calving interval, which were therefore log-transformed
before analysis. Post hoc analysis to identify breed
differences was performed as Tukey contrast using the
Ismeans package (Lenth, 2016); results were back trans-
formed for logistic regressions before presentation.

Swedish Data. We used SAS software (version 9.4;
SAS Institute Inc., Cary, NC) for the statistical analy-
ses of Swedish data sets. Differences between breeds in
milk production (ECM), milk protein and fat contents,
days open, calving interval, number of inseminations,
and SCC100 were analyzed with mixed linear models in
the HPMIXED procedure using model [3]. The binary
health-related traits UDDER, FERT, META, VET,
and RECLAW were analyzed with generalized linear
models in the GLIMMIX procedure using model [3]
with logit link and binomial distribution:

Yijklmn =P + bi + ]‘J + RASK + 5€
+ herdm + COWy, (herdm) + eijkhnm [3]

where Yy, = response variable; . = overall mean; b;
= fixed effect of breed i (i = SRB or SH); I; = fixed ef-
fect of lactation j (j = 1, 2, 3, or >4); yr, = fixed effect
of year of calving k (k = 2011-2014); se; = fixed effect
of calving season 1 (1 = quarter 1, 2, 3, or 4); herd,, =
random effect of herd m; cow, (herd,,) = random effect
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of cow n nested within herd m; and e, = random
error.

The model to analyze LIFESPAN included only the
fixed effect of breed and the random effect of herd.
Pairwise differences between breeds were analyzed us-
ing the LSMEANS statement, and results were back
transformed for logistic regressions before results were
presented.

Statistical significance was determined at P < 0.05,
with tendency at P > 0.05 and < 0.1 in all analyses.

RESULTS
Production Performance and Longevity

Average milk production (ECM) per lactation was
higher in commercial breeds than in local breeds in all
countries, with the difference ranging from 750 kg of
ECM in Sweden to 1,822 kg of ECM in Austria. Av-
erage production levels differed considerably between
countries, being highest in Sweden (SRB = 8,379 +
54 kg vs. SH = 9,129 + 54 kg; LSM + SE) and lowest
in Poland (ZR = 4,375 £+ 114 kg, ZB = 4,390 £+ 153
kg, RP = 3,997 £+ 112 kg vs. PHF = 4,969 £+ 124 kg;
Table 2).

Lifetime production of the commercial breed BV was
higher by 6,132 and 4,490 kg of ECM in Switzerland
and Austria, respectively, when analyzing data sets
from culled cows (Table 3). In contrast, at least one
local breed in each country showed a longer productive
lifespan. Number of lactations were higher by 0.64, 0.83,
0.20, and 1.42 for AL in Switzerland and Austria, SRB
in Sweden, and ZB in Poland, respectively, although on
very different levels in each country (Table 3).

Milk protein contents were lower in Austrian and
Swiss local breeds (Austria: AL 3.24% vs. BV 3.30%;
Switzerland: OB 3.25% vs. BV 3.27%), although AL
did not differ significantly from BV in Switzerland (AL
3.29%). In contrast, local breeds showed higher milk
protein contents in Sweden (SRB 3.43% vs. SH 3.28%)
and Poland (RP 3.32% vs. PHF 3.12%; Table 2).

Commercial breeds had higher milk fat contents in
Switzerland (BV 4.00% vs. AL 3.74%) and Austria
(BV 4.19% vs. AL 3.92%) but not in Poland and Swe-
den, where at least one local breed showed higher fat
contents than the respective commercial breed (SRB
4.24% vs. SH 4.01% for Sweden; RP 4.24% vs. PHF
4.05% for Poland; Table 2).

Lactation Persistency

Data on lactation persistency, defined as the ratio of
milk yield from 101 to 200 DIM and milk yield from 1
to 100 DIM, were only available for Switzerland, where
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Table 2. Breed differences' in ECM, milk protein and milk fat contents, and proportion of test-day records with an SCC >100,000 cells /mL of milk (SCC100) at lactation level in

Switzerland, Austria, Poland and Sweden (LSM =+ SE)

Sweden

Poland

Austria

Switzerland

SH

SRB

PHF

ZR RP

7B

BV

AL

OB BV

AL

Trait

30,507

29,371

1,248 1,117 2,349

589

16,207

2,624

3,528 35,453

422

Lactations

ok
ok
g ok

3.28

(£0.00
4.01

9,129°
(£55)
(£0.01)

3.43"

(£0.00)
4.24

8,379"
(454)
(40.01)

kokosk
*

ok
ok

Fat (%)

30,504

29,369

1,038 1,007 1,373

303

11,848

1,632

3,420 34,957

404

Lactations

(no.)

*kkk

43.4*
(+£0.54)

42.4°
(+£0.52)

*kkk

76.1°

82.6™" 87.6 87.8"

(3.59)

sk

36.9°
(+1.30)

25.3"
(+1.98)

Kk

35.8"
(££0.58)

24.2"
(£1.06)

30.4%"

(£3.17)
*“LSM within a country with different superscripts differ at P < 0.05 in the post hoc analysis.

"Breeds: AL = Grey Cattle, OB

SCC100

(£1.37)  (£2.82)

(£1.46)

Polish Holstein,

Polish Red, PHF

= Polish Red and White, RP =

Polish Black and White, ZR

Braunvieh, ZB =

Original Braunvieh, BV =

SRB = Swedish Red, SH = Swedish Holstein.

P < 0.01, ***P < 0.001: P-values from the analysis of deviance (Type II Wald chi-squared test) for the breed effect.



sksksk

Sweden
SH
11,367
2.87°
(40.03)

SRB
3.07"
(£0.02)

11,467

*k

PHF

629
4.09"

(40.27)

Poland
RP
161
4.62%
(+0.27)

4.99%
(40.34)

ZR

102

7B
93

5.51°

(£0.44)

kskok
b ok

BV
3.64
(£0.05)

4,444
28,172
(£398)

Austria

AL
468
23,682"
4.47°
(40.12)

(£919)

skkosk
*

BV
3.65"
(40.03)

11,075
26,874"
(£246)

3.52°

(40.09)
*PLLSM within a country with different superscripts differ at P < 0.05 in the post hoc analysis.

'Breeds: AL

Switzerland
OB
951
22.867"
(+682)

101
20,742"
(41,906)

4.29"

(40.26)

AL

Table 3. Breed differences’ in lifetime production and productive lifespan in Switzerland, Austria, Poland, and Sweden (LSM =+ SE)

Animals (no.)
LIFEPROD
LIFESPAN

Trait?
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we found the greatest persistency in the local breed OB
(LSM =+ SE: 82.8% =+ 0.27) and the worst in AL (78.7%
+ 0.70) with BV being intermediate (80.4% + 0.12) (P
< 0.001).

Polish Holstein,

Fertility Performance

Our findings on breed comparisons regarding the
fertility traits days open, calving interval, and number
of inseminations are presented in Table 4. Local breeds
showed fewer days open by 5 (OB in Switzerland), 13
(AL in Austria), 21 and 24 (ZR and RP in Poland),
and 14 (SRB in Sweden) days compared with the re-
spective commercial breeds in all countries. Moreover,
local breeds had shorter calving intervals than com-
mercial breeds by 14 d (AL in Switzerland), 20 d (AL
in Austria), 13 d (SRB in Sweden), and by 17, 18, and
20 d (RP, ZR, ZB, respectively, in Poland). Also, the
number of inseminations until conception was lower by
0.15 for OB in Switzerland, 0.14 for AL in Austria,
0.21 for ZR in Poland, and 0.13 for SRB in Sweden,
respectively, compared with the respective commercial
breeds.

Polish Red, PHF

Polish Red and White, RP =

ScC

The average proportion of test-day records with SCC
>100,000 cells/mL ranged from 24.2 to 87.8%. It was
lowest in Austria and Switzerland and highest (by far)
in Poland, with Swedish cows being intermediate (Table
2). The Austrian local breed had a lower SCC100 than
the commercial breed (AL 25.3% vs. BV 36.9%). The
same was true for OB in Switzerland, but AL did not
differ significantly from BV (AL 30.4%, OB 24.2% vs.
BV 35.8%). Breed differences were smaller in Sweden
than in Switzerland and Austria, but still favored the
local breed, SRB (SRB 42.4% vs. SH 43.4%). In Poland,
average SCC100 was above 82% in all local breeds.
Here, we found lower SCC100 in the commercial PHF
breed (76.1%), which did not differ statistically from
7ZB (82.6%), and the worst performance in the local
breeds ZR (87.6%) and RP (87.8%).

Polish Black and White, ZR

Braunvieh, ZB =

Original Braunvieh, BV =

Veterinary Treatments

Data on veterinary treatments were only available
for Austria and Sweden. Descriptive prevalence and
model results are shown in Table 5. In Austria, breeds
did not differ regarding the overall percentage of cows
treated by a veterinarian (AL 14.2% vs. BV 15.3%)
or percentages of cows treated for fertility or leg or
claw problems, but fewer AL cows than BV cows were
treated because of udder problems (AL 2.0% vs. BV
4.4%). In Sweden, the local breed SRB had a lower

Grey Cattle, OB

’LIFEPROD = lifetime production (kg of ECM) and LIFESPAN = productive lifespan (number of lactations) for cows culled during the study period.

*P < 0.05, **P < 0.01, ***P < 0.001: P-values from the analysis of deviance (Type II Wald chi-squared test) for the breed effect.

SRB = Swedish Red, SH = Swedish Holstein.
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g a, g § § % average percentage of cows treated by a veterinarian
= PR (SRB 15.6% vs. SH 21.7%) and a lower percentage of
= ST onR 2z = cows treated for udder (SRB 6.8% vs. SH 10.4%) or
| .| B |SRHRSHRH| Z fertility problems (SRB 3.9% vs. SH 5.9%). The lo-
é 2 8 & 8 £ cal breed SRB showed lower percentages of claw or
S & o l leg problems registered during regular claw trimming
E o B E (SRB 14.3% vs. SH 17.3%). The variable RECLAW
3 = [BSTHEETETTH S;» did not only include veterinary treatments, explaining
i’ s I g = the higher percentage compared with the Austrian data
e i) set. Breeds did not differ regarding metabolic disorders
(% a, % % % ™ in the Swedish data set, which were below 1% in both
b o I breeds.

i | LS . T 88| &

B EAEEEEEEERE I

:5 SHIevIe | £ DISCUSSION

_g = = ”3? = z E Milk Yield and Milk Content Traits

e & lchmehaans| = :

2 '% = g2 ﬁ%?«‘: 3% i E g We expected a higher production level in commercial
% 5 - - < < breeds as reported in similar studies (e.g., Gandini et
Z - = BT 'é f al., 2007; Spengler Neff et al., 20.12; Flach et alz, 2018).
£ B i oY itk | 2 In our study, we focused on organic f;.irms but.a&de frf)m
g i N < 7 information on mountain grazing (in Austrian, Swiss,
= s o and Polish data) and production zones (in Swiss data),
\éf ol 2w .S 83 é % we did not have information on other variables to cor-
8 NIFSHISHI TR = & rect for management practice or production intensity
E - 5 = % within organic dairy systems. The differing production
5 . |E% = levels between countries in the present study may be
s S % * ¥ g [ = explained by differing system intensities at the national
; I I = level. For example, Krieger et al. (2017) reported that
g - |3z 3 © i E 5 S% fw & E the highest level of concentrat.e feeding was found on
= | E AR SN SN 3 ﬁ! = organic farms in Sweden (median of 2,373 kg/cow and
:% a 2N £ year, range: 0-5,475 kg), followed by Spain (median of
= N %gg g %;) E 1,500 kg/cow and year, range: 0-2,600 kg), Germany
o < 82528327918 & = (1,200 kg/cow and year, range: 0-3,667 kg), and France
2 ST TS E 2 (median of 616 kg/cow and year, range: 0-1,900 kg).
E" SO % However, the aim of the current study was to compare
= . |F% g breeds within countries, not between countries.

gn I * % & g £ Higher milk yields in dairy cows go along with higher
'% o = g g shares of human-edible food being fed to ruminants
< = .= B3|E: = (Zehetmeier et al., 2012), thus contradicting the or-
g\ = §§i§ STETT|zZ élg ;s; ganic ideal of regional nutrient cycles with low-import
ot E ® & g = ER g proportions (IFOAM, 2014). In Switzerland, the yearly
2 | % . |z g‘)é B proportion of concentrates on organic dairy farms man-
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& 5 o~ % £C® & any other country included in this study, explaining the
§ 3 = i é:;‘ % i» medium to low average milk yield IC(.)mpared with that
g 2.5 gw = ﬁmfg = Ci: >3 of Sweden. In Poland, poor conditions over decadeg
£ SSHRRHE |3 g2 E 3 especially regarding nutrition of heifers and cows, is
z — — z Cﬁg i partly responsible for the low average milk yield of the
E@ g £ £ =2 q"q; S % local breed Polish Red Cattle (Szarek et al., 2004). Be-
< Zj o E jtﬁ g § cause of unavailability of data, we did not correct ECM
= =z 2180 §_ §2 2 ?5 s ?%g v for metabolic BW. This might have reduced the gap
Sl E128 E0 22 [F A58 N
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Table 5. Descriptive mean proportions and LSM (£SE) of cows treated due to any reason, cows treated due to udder, fertility and metabolic
problems, as well as claw treatments (Austria) and remarks from claw trimming (Sweden) for Austrian and Swedish breeds' at lactation level

(number of lactations shown in parentheses below breed)

Austria Sweden
Mean proportion LSM (+SE) Mean proportion LSM (£SE)
AL BV AL BV SRB SH SRB SH

Trait? (1,836)  (5,072) (1,836) (5,072) (29.371)  (30,507) (29.371)  (30,507) P

VET 18.8 21.3 14.2 15.3 NS 16.9 22.3 15.6" 21.7* ok
(£1.49) (+1.59) (£0.50) (0.65)

UDDER 3.7 8.2 2.0 4.4" ok 6.8 10.5 6.8" 10.4* ok
(£0.39) (£0.75) (+0.19) (0.26)

FERT 10.1 10.9 6.1 6.0 NS 4.3 5.8 3.9" 5.9° ok
(£0.90) (0.88) (£0.12) (0.16)

META — — — — 0.9 0.8 0.9 0.8 NS

(0.06) (0.06)

TRCLAW 0.8 2.5 0.01 0.03 NS — —
(£0.00) (0.00)

RECLAW 27.2 29.5 14.3" 17.3* ok

*P,SM within a country with different superscripts differ at P < 0.05 in the post hoc analysis.

'AL = Grey Cattle, BV = Braunvieh, SRB = Swedish Red, SH = Swedish Holstein.

?All traits were binary coded (yes/ no) at the lactation level; VET = occurrence of any veterinary treatment during lactation, UDDER = vet-
erinary treatment of udder problems, FERT = veterinary treatment of fertility problems, META = veterinary treatment of metabolic diseases,
TRCLAW = veterinary claw treatment, RECLAW = remark on claw problem during claw trimming.

**%P < 0.001: P-values from the analysis of deviance (Type II Wald chi-squared test) for the breed effect.

between commercial and local breeds in favor of the
latter, as shown by Horn et al. (2013).

Results on breed comparisons regarding milk con-
stituents reported in the literature are as inconsistent
as our findings (Walsh et al., 2008; Horn et al., 2013;
Piccand et al., 2013). One explanation for inconsistency
regarding milk constituents could be that, aside from
breed, feeding has a pronounced effect on milk fat and
protein content (e.g., Leiber et al., 2004), and breeds
might not be equally distributed over feeding systems
and production intensities in our study. One indica-
tion for this is that shares of lactations achieved under
mountainous pasturing conditions differed considerably
between breeds within country (not applicable to Swe-
den), as presented in Table 1. We assume that farms
with and without mountainous pasturing also differ in
terms of general management practices and production
intensities.

Relevance of Longevity and Dual-Purpose Breeds
in Terms of Sustainability

Our findings regarding a longer productive lifespan in
local dairy breeds are supported by some studies (e.g.,
Gandini et al., 2007; Walsh et al., 2008), whereas other
researchers did not find breed differences in longevity
(Haiger and Knaus, 2010). In accordance with our find-
ings for Austria, ZuchtData (2016) reported a longer
productive lifespan for AL than for BV (4.69 and 3.87

lactations, respectively) in 2015. Our results might be
explained in part by antagonistic genetic correlations
between high yield and productive life as reported by
Pritchard et al. (2013) in HF cows. However, the breed
effect on average lifetime may well be confounded with
an effect of system intensity, which is obvious, for ex-
ample, when data from low-input systems are compared
with the national average (Leiber et al., 2017).

According to Ahlman et al. (2011, 2014), longevity
is especially important in organic production because
it combines all functional traits. It affects the sustain-
ability of dairy production at different levels because a
short productive lifespan means that investment into
rearing has to be paid off in a shorter period of time
(economic sustainability) and implies more greenhouse
gas emissions per kilogram of product (environmental
sustainability; Bergea et al., 2016). An Austrian study
on organic dairy cows highlighted the economic rel-
evance of longevity by showing that cows reached their
maximum annual milk yield in the fifth lactation and
their peak annual profit in the sixth lactation (Horn et
al., 2012).

The relevance of increasing the length of productive
life in dairy cows for the sake of environmental sustain-
ability is underlined by the fact that CH, emission per
unit of intake, BW, and milk yield in dairy cows has
been reported to increase in the first few lactations but
is lower in cows around 6.5 yr of age onward (Grandl
et al., 2016).
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Moreover, the combination of beef and dairy produc-
tion, either by siring more dairy cows with beef breeds
or by using dual-purpose breeds, is advantageous in
terms of greenhouse gas emissions per unit of product
compared with specialized systems producing the same
amount of milk and beef separately (Zehetmeier et al.,
2012). Because many of the local breeds considered in
our study are dual-purpose breeds, their value for the
organic sector in terms of sustainability should also be
assessed against this background.

Lactation Persistency

Our findings on milk persistency in Switzerland are
similar to that in the Swiss BV and OB populations
reported by the breeding organization in 2014 (82 and
84%, respectively; Schwarzenberger, 2014). In contrast,
Horn et al. (2013) did not detect breed differences in
persistency when comparing Brown Swiss cows primar-
ily selected for high milk yield with an HF strain se-
lected for lifetime performance and fitness over several
decades. We could not find other studies comparing
persistency between local and commercial breeds,
which is remarkable because we assume the trait to be
relevant for roughage-based dairy systems.

Fertility as an Indicator for Robustness

Better fertility in local breeds has been reported in
other studies (e.g., Gandini et al., 2007; Spengler Neff
at al., 2012; Horn et al., 2013; Curone et al., 2016),
although some did not find differences in the number
of services per pregnancy (Gandini et al., 2007; Walsh
et al., 2008).

Our results might be explained by the antagonistic
genetic correlations between reproductive traits and
milk yield, as reviewed by Berry et al. (2014). Never-
theless, it seems advisable to critically evaluate studies
that report an association between level of milk produc-
tion and fertility, because they may be based on in-
complete or biased data sets by failing to include other
important factors for poor fertility such as nutrition,
management, and environmental factors (Rauw et al.,
1998; LeBlanc, 2010). Our data on the whole organic
subpopulation did not allow us to correct for differing
production intensities, so we cannot exclude a bias on
fertility records.

In accordance with Friggens et al. (2017), who defined
robustness of animals as “the ability, in the face of en-
vironmental constraints, to carry on doing the various
things that the animal needs to do to favour its future
ability to reproduce,” we conclude that local breeds
have good robustness, because they not only show bet-
ter fertility performance but also better longevity.
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Our findings of higher SCC levels in commercial
breeds support earlier findings of lower SCC levels in
local breeds (e.g., Vyletelova-Klimesova et al., 2014;
Curone et al., 2018). However, other studies did not
reveal such differences (Horn et al., 2013; Piccand et
al., 2013). In addition to breed differences in SCC
levels, Curone et al. (2018) found differing metabolic
pathways between breeds and reported a more pro-
nounced systemic inflammatory response in terms of
positive acute phase markers postpartum for Holstein
Friesian compared with Rendena cows. Although the
authors admit that their results need further valida-
tion on larger animal cohorts, this may suggest that
breed differences exist regarding metabolism in dairy
COWS.

At the national level, our Swiss results were similar
to those found by Spengler Neff et al. (2012), reporting
lower SCS in pure OB cows than in BV in Switzerland.
The average SCC level in our Swedish data is in line
with the median prevalence of subclinical mastitis of
44.1% (range 18.9-80.6%) on organic Swedish farms
reported by Krieger et al. (2017). Genetic antagonism
between milk yield and SCC or mastitis as reported in
the literature (e.g., reviewed by Martin et al., 2018)
might explain the more favorable situation in the lower-
yielding local breeds in the Swiss, Austrian, and Swed-
ish data sets.

Using a strict threshold for subclinical mastitis in
our study, the low average levels of SCC100 found in
Austria and Switzerland demonstrate that other Euro-
pean countries have potential to improve their udder
health situation. The very high overall percentage of
records with elevated SCC in Poland may be explained
in part by the fact that the proportion of older animals
is high in this country (40 to 45% of local breeds in >
fourth lactation) and SCS levels have been reported to
increase with lactation number (Bielfeldt et al., 2004).

Veterinary Treatments

With regard to the ranking of treatment reasons, our
findings are similar to other studies on health status of
organic dairy herds. For example, Krieger et al. (2017)
reported a median prevalence of 51.3% for subclinical
mastitis, 42% for prolonged calving interval, and 14.2%
for clinical lameness on 192 organic dairy farms in Ger-
many, Spain, France, and Sweden.

Results on the association between the increase of
milk yield over the last decades and health traits are
controversial (e.g., Ingvartsen et al., 2003; LeBlanc,
2010). Nevertheless, it seems that higher milk yield is
associated with a greater risk for cows to suffer from
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mastitis, ketosis, and leg problems (reviewed by Rauw
et al., 1998), as well as fertility problems (Knaus, 2009).

Horn et al. (2013) found no breed differences regard-
ing ketosis, parturient paresis, retained placenta, or
ovarian disorders over a 4-yr study period under ex-
perimental organic farming conditions in Austria com-
paring the Brown Swiss performance strain with HF
selected for longevity; however, they reported a higher
mastitis incidence for Brown Swiss during the study
period.

A recent study in Denmark showed a herd-level
prevalence of hoof and leg diseases for Holstein cows
of 7% on organic farms (Slaghoom et al., 2016). Our
figures in Sweden were higher because of a differing
trait definition, which for our data included all remarks
during claw trimming. Prevalence of udder diseases for
organic SH is 19% in Denmark (Slaghboom et al., 2016),
which is higher than the 10.5% in our study and, in
that study, prevalence of reproduction diseases (10%)
was nearly twice the rate we found, which might be
because we reported based on binary-coded data.

The percentage of treated cows in our Austrian data
set was lower than the prevalence reported by Egger-
Danner et al. (2012) across all dairy breeds for 2010,
which ranged from 13.5 to 17.0% for udder disorders,
from 14.5 to 28.1% for reproductive disorders, and from
3.3 to 5.1% for hoof and claw disorders, depending on
the data registration method applied. Breed differences
between BV and AL regarding disease frequency were
generally higher in the national Austrian data set in
2015, which included both organic and conventional
farms; for example, 24.0% of BV cows had been treated
because of fertility problems compared with 11.1%
of the AL cows (C. Egger-Danner, ZuchtData EDV-
Dienstleistungen GmbH, Vienna, Austria, unpublished
data). Among possible reasons for the disagreements
compared with our findings are diverging trait defini-
tions and our restrictions of the data set to organic
farms that had continuous health monitoring during
the study period. A comparison of our findings with
those reported by Egger-Danner et al. (2012) is difficult
because of our binary coding, which reduces the values
reported here.

Our findings regarding treatments of fertility prob-
lems approximately match those of another study that
reported a median treatment incidence per cow and
year of 3 to 8% for fertility disorders on 37 organic
farms in Austria (Ivemeyer et al., 2012).

CONCLUSIONS

We conclude that the lower production level of lo-
cal breeds is at least partly compensated for by their
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pronounced, although not fully consistent, advantages
in fertility, health status, and longevity found across 4
European countries. Local breeds are worth consider-
ing for their particular robustness, which is expressed
by their better fertility and longevity. Because the use
of local dual-purpose breeds offers the possibility of
combining meat and milk production, thus potentially
reducing greenhouse gas emissions for the same quan-
tity of product per unit compared with specialized sys-
tems, we consider the use of local dual-purpose breeds a
means of achieving greater sustainability in the organic
sector and other roughage-based production systems.
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