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ABSTRACT

The first objective of this study was to compare the
productive and reproductive performance of Holstein-
Friesian (CH HF), Fleckvieh (CH FV), and Brown
Swiss (CH BS) cows of Swiss origin with New Zea-
land Holstein-Friesian (NZ HF) cows in pasture-based
compact-calving systems; NZ HF cows were chosen
as the reference population for such grazing systems.
The second objective was to analyze the relationships
within and between breeds regarding reproductive per-
formance, milk yield, and body condition score (BCS)
dynamics. On 15 commercial Swiss farms, NZ HF cows
were paired with Swiss cows over 3 yr. Overall, the
study involved 259 complete lactations from 134 cows:
131 from 58 NZ HF, 40 from 24 CH HF, 43 from
27 CH FV, and 45 from 25 CH BS cows. All produc-
tion parameters were affected by cow breed. Milk and
energy-corrected milk yield over 270 d of lactation
differed by 1,000 kg between the 2 extreme groups;
CH HF having the highest yield and CH BS the low-
est. The NZ HF cows had the greatest milk fat and
protein concentrations over the lactation and exhibited
the highest lactation persistency. Body weight differed
by 90 kg between extreme groups; NZ HF and CH BS
being the lightest and CH HF and CH FV the heavi-
est. As a result, the 2 HF strains achieved the high-
est milk production efficiency (270-d energy-corrected
milk/body weight”™). Although less efficient at milk
production, CH FV had a high 21-d submission rate
(86%) and a high conception rate within 2 insemina-
tions (89%), achieving high pregnancy rates within the
first 3 and 6 wk of the breeding period (65 and 81%,
respectively). Conversely, poorer reproductive perfor-
mance was recorded for CH HF cows, with NZ HF and
CH BS being intermediate. Both BCS at nadir and at
100 d postpartum had a positive effect on the 6-wk
pregnancy rate, even when breed was included in the
model. The BCS at 100 d of lactation also positively
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affected first service conception rate. In conclusion,
despite their high milk production efficiency, even in
low-input systems, CH HF were not suited to pasture-
based seasonal-calving production systems due to poor
reproductive performance. On the contrary, CH FV
fulfilled the compact-calving reproduction objectives
and deserve further consideration in seasonal calving
systems, despite their lower milk production potential.
Key words: breed, genetics, efficiency, compact calv-
ing pasture system

INTRODUCTION

Grazing is often considered as the most sustainable
way to produce milk, due to lower production costs,
higher quality end products, and greater social ac-
ceptance (Peyraud et al., 2010; Thomet et al., 2011).
In many parts of the world pasture-based systems are
synonymous with compact seasonal calving to match
feed demand and pasture growth (Holmes et al., 2007).

To achieve a short interval between calving and suc-
cessful rebreeding, the seasonal-calving, pasture-based
system requires a specific cow (Horan et al., 2005b;
Macdonald et al., 2008), which can produce milk ef-
ficiently with minimal supplementation and has the
capacity to reestablish pregnancy within 83 d of the
previous calving. Not all breeds share these character-
istics, because genotype X environment interactions
exist for milk production and reproduction (Kolver et
al., 2002; Fulkerson et al., 2008; Cutullic et al., 2011).
For example, North American (NA) Holstein-Friesian
(HF) cows selected in high feed allowance and high-
starch feeding systems cannot take full advantage of
their milk production potential in low supplementation
pasture-based systems, and thus fail to compensate for
their poorer reproductive performance when compared
with New Zealand (NZ) HF cows selected for such sys-
tems with emphasis on production of milk components,
fertility, and longevity (Harris and Kolver, 2001). Bio-
logically, this selection divergence has also led to differ-
ences in metabolism and nutrient partitioning, reflected
by differences in BCS dynamics (Roche et al., 2006;
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McCarthy et al., 2007a), especially when resources are
limited (Macdonald et al., 2008).

Over the last 40 yr, most international dairy breeds
have experienced the introduction of NA genetic mate-
rial, with the principal aim of rapidly increasing milk
production. For example, the Swiss (CH) Brown Swiss
(BS) population contains more than 78% NA BS genes
(Hagger, 2005). The original Simmental now represents
only 12% of the Swiss Red and White dairy cattle pop-
ulation and is, instead, largely dominated by the Red
Holstein and their crosses (Simmental x Red Holstein),
such as the CH Fleckvieh (F'V) population (A. Bigler,
Swissherdbook, Zollikofen, Switzerland, personal com-
munication). This large introduction of HF genes was
not observed in the Austrian or German Fleckvieh pop-
ulations; thus, these populations are less dairy-typed
than the CH FV population we studied. Although
more emphasis was placed on functional traits than in
other countries (Boébner, 1994), and although selected
within grass-based low-concentrate systems in Switzer-
land, the suitability of the 3 main Swiss breeds for the
grazing-based compact-calving system is uncertain in
terms of both production efficiency and reproductive
performance.

The first objective of this study was to compare, in a
pasture-based, compact-calving system, the productive
and reproductive performance of CH HF, CH FV, and
CH BS cows of Swiss origin with NZ HF cows, the latter
being chosen as a reference population recognized for
their ability to achieve good production and reproduc-
tion results in such systems (Horan et al., 2004, 2005b;
Macdonald et al., 2008). The second objective was to
analyze, within and between breeds, the relationships
among reproductive performance, milk yield, and BCS
dynamics.

MATERIALS AND METHODS
Experimental Design

The present study took place over 3 yr on 15 com-
mercial dairy farms in Switzerland (14, 13, and 10 farms
in years 2007, 2008, and 2009, respectively). At the
start of the experiment, NZ HF pregnant heifers were
imported from Ireland and randomly allocated to the
farms involved. We cannot exclude that differences in
rearing and the effect of shipment could have influenced
the NZ HF cows’ performance. However, importation
took place 150 + 12 d before first calving, mitigating
the potential effects of long-distance transportation.

On each farm, each NZ HF cow was paired with a
Swiss cow of the breed present on the farm (3, 7, and 5
farms with CH HF, CH FV, and CH BS, respectively).
Pairs of NZ HF and Swiss cows were reallocated each
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year according to calving date and age. In the first
year, mean birth date of heifers was Jan. 28, 2005 +
45 d and first calving date was Feb. 17, 2007 + 17 d.
In the following years, experimental cows calved, on
average, on Feb. 22 + 27 d and on Feb. 21 4+ 33 days.
Within pair, calving dates differed on average by 13 +
9 d. The trial cows were managed as part of the main
herd with the farmer in charge of all management deci-
sions concerning his herd.

The study involved 259 complete lactations from
134 cows: 131 lactations from 58 NZ HF cows, 40 from
24 CH HF cows, 43 from 27 CH FV cows, and 45 from
25 CH BS cows. Cows were in first, second, and third
lactation in 2007, 2008, and 2009, respectively (96, 98,
and 65 lactations, respectively).

Over the 3 yr of the experiment, the genetic index of
NZ HF cows (see the Animals section for a description
of indices) was similar among the farms with CH HF,
CH FV, or CH BS cows (P = 0.68). At the farm level,
despite the low number of NZ HF cows randomly at-
tributed per farm, only 2 farms and 1 farm (out of 15)
had a lower or higher genetic merit than the popula-
tion average (P < 0.05), respectively. Similarly, genetic
indices were similar across farms for CH HF and for
CH FV breeds (P = 0.50 and 0.21, respectively). Con-
versely, genetic indices differed across farms for the
CH BV breed (P < 0.001). This was mainly due to
low within-farm variability rather than to large across
farm dispersion (the coefficient of variation of farm-
averaged indices was only 4%). These slight differences
between farms explain a part of the farm effect, which
was included in the statistical models (see the Statisti-
cal Analyses section).

Animals

NZ HF. The 58 NZ HF cows were of NZ genetic
origin, a strain of HF selected within seasonal calving
pasture-based dairy systems for high milk-component
production, fertility, and longevity and for low BW.
These animals had at least 2 generations of N7 ances-
try, representing 11 NZ HF sires (74% from 5 sires),
and had an average pedigree index breeding worth of
NZ$89 4 13.5. They were, therefore, representative of
the 2005-born HF in New Zealand (NZ$87 + 42; Oc-
tober 2009, R. Wood, NZ Animal Evaluation Limited,
Hamilton, New Zealand, personal communication).

CH HF. The 24 CH HF cows were from a HF strain
of NA origin, but selected for a breeding index that
included both milk production and functional traits.
These animals represented 18 CH HF sires. Their aver-
age pedigree index for milk production was 103 + 6.5.
They were, therefore, representative of the 2005-born
HF in Switzerland (104 + 9.3 pedigree index for milk

Journal of Dairy Science Vol. 96 No. 8, 2013



5354

production; November 2009, E. Barras, Holstein Asso-
ciation of Switzerland, Posieux, Switzerland, personal
communication).

CH FV. The 27 CH FV cows were the result of sev-
eral generations of crosses between Simmental and Red
Holstein breeds, with an average of 68 + 12% Red Hol-
stein genetics. The hybrid vigor effects were considered
as negligible. The herd society’s breeding objectives
include milk production, functional traits, and beef
characteristics. These animals represented 21 CH FV
sires. Their average pedigree index for milk production
was 106 + 6.0. They were, therefore, representative
of the CH FV living population (101 + 9.8 pedigree
index for milk production; November 2009, A. Bigler,
Swissherdbook, Zollikofen, Switzerland, personal com-
munication).

CH BS. The 25 CH BS were BS cows, mainly of
NA origin, with only 6 + 5% original BS genetics.
They were selected using a balanced breeding index,
including milk production and functional traits. These
animals represented 17 CH BS sires. Their average
pedigree index for milk production was 103 £ 5.6. They
were, therefore, representative of the 2005-born Brown
Swiss in Switzerland (104 + 7.9 pedigree index for milk
production; November 2009, B. Bapst, Swiss Brown
Cattle Breeders’ Federation, Zug, Switzerland, personal
communication).

Farms and Herd Management

Farms. The 15 farms were located in different geo-
graphical regions and at different altitudes. Nine were
located on the Swiss plateau (lowland), 4 in the pre-
Alps (hill country), and 2 in the Jura (hill and moun-
tain country), with an altitude ranging from 430 to
1,050 m and vegetation growth period ranging from 230
to 170 d (Federal Office for Agriculture, 2013). Grazing
system was rotational for 11 farms and continuous for
4 farms. Management objectives were similar between
herds (low-input, pasture-based, spring-calving sys-
tem).

Feeding. The winter lactating cow ration (from calv-
ing to the start of grazing at 35 &+ 28 DIM) contained a
grass-sourced forage: hay, hay and grass silage, or grass
silage and maize silage (n = 7, 6, and 2 farms, respec-
tively). Concentrates were fed daily at a rate of 3.2 +
1.6 kg of DM/cow to lactating cows during the winter
period (mean 260 + 130 kg/cow per lactation). Winter
rations were estimated to contain 6.2 + 0.5 MJ of NE; /
kg of DM and 14 + 2% CP/kg of DM (1 sample/forage
type per farm per year). Cows were managed on pasture
from March 25 (£13 d) to November 11 (£11 d), with
2- to 3-wk transition periods between indoor feeding
and grazing only. At grazing, supplementary feed was
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offered only during periods of pasture deficit. The of-
fered pasture contained 6.2 + 0.3 MJ of NE; /kg of DM
and 21 £+ 4% CP/kg of DM (estimated from 1 sample
of offered pasture/month per farm). The dry period
ration consisted of hay or grass silage of lower quality
than the lactating cow ration.

Reproductive Fvents. The average day of the
planned start of mating (PSM) was April 16 (£15 d).
Five, 3, and 1 farm in 2007, 2008, and 2009, respec-
tively, did not follow strict seasonal rules and did not
have fixed PSM dates. For the cows on these farms,
artificial PSM dates were calculated for each cow by
adding a voluntary waiting period to the calving date.
The voluntary waiting period was defined for each farm
as the shortest observed interval from calving to service
(48 £ 11 d). A mating period of 12 wk after PSM was
set for all farms. Any mating that occurred after 12
wk was not included in the analysis. All calving dates,
AT dates, health events, and treatments were recorded.
For cows not showing estrus before PSM, the need for
treatment was assessed individually by the farm veteri-
narian. From the 15 farms, 6 introduced a bull into the
herd 41 + 13 days after PSM (i.e., after 2 AT cycles),
and 9 farms used only AI during the 12 wk not followed
by natural mating.

Animal Measurements and Variables Computation

Milk Yield, BCS, and BW. Milk volume and com-
position were assessed monthly. Samples were analyzed
for fat, protein, and lactose content with an infrared
analyzer (Foss, Hillerod, Denmark). Energy-corrected
milk (4.0% fat, 3.2% protein, 4.8% lactose) was cal-
culated as ECM = (0.38 x % fat + 0.24 x % protein
+ 0.17 x % lactose)/3.14 (Arrigo et al., 2008). From
these monthly records, cumulative variables over 100 or
270 d of lactation were calculated as

n (Valuei + Valuei+l>

2

X (daysi+1 —days, ),
=0

where value; and days; are the value (e.g., milk yield)
and days after calving of the ith sample, respectively; n
is the number of samples <100 or 270 d after calving;
valuey is set to value;, days is set to 0, and days,,; is set
to 100 or 270 days. In addition, Wood lactation curves
were fitted over lactation per breed (ECM, = a x t’ x
e “* ' where t is the day after calving; Wood, 1967) to
analyze the shape of the lactation profile. Body condi-
tion score was assessed monthly on a 1- to 5-scale in
increments of 0.25 (Edmonson et al., 1989) by the same
trained operator across all farms. Calving BCS was
considered as the maximum of the 2 one-month-spaced
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scores that framed calving. Body condition score from
30 to 270 d postpartum was calculated at 30-d intervals
from individually fitted cubic spline smoothing curves
(smooth.spline function: smoothing parameter = 0.25;
BCS weights = 5, 2, and 1 at calving, before calving,
and after 60 d postpartum, respectively; R Develop-
ment Core Team, 2009). Cows were weighed on d 38 +
22,124 4+ 27, and 281 + 33 postpartum, using a mobile
weigh platform (Tru-Test, Auckland, New Zealand).
Lactation BW was averaged over these 3 values and
used to calculate milk production efficiency (milk or
ECM yield per BW"™).

Reproductive Parameters and Health. The date
of conception was estimated from mating dates and
subsequent calving date. When several inseminations
were performed within the interval (expected mating
date —10; expected mating date +14), the last in-
semination date was chosen. In case of late abortion or
culling as pregnant, the last mating date was taken as
conception date (n = 6). For natural mating without
a recorded date, the date of conception was estimated
by subtracting the gestation length for the sire’s breed
to the subsequent calving date. The farmer recorded
health events and associated treatments. Nondelivery of
fetal membranes, metritis, and severe vaginal discharge
were pooled under the term of periparturient disease.

Statistical Analyses

The analyses were performed using R statistical
software (R Development Core Team, 2009) and the
Ime4 (Bates and Maechler, 2010), nlme (Pinheiro et al.,
2010), and multcomp (Hothorn et al., 2008) packages.

Breed Comparison. Continuous and binomial
variables were respectively analyzed by linear mixed
models (Imer) and mixed logistic regressions (glmer)
that included breed as fixed effect, and cow within
breed, year, and farm within year as random effects.
The model was

Ry = p + B, + year; + farm,(year))
+ cow(B,) + ey,

where R,y is the response for the animal [ of breed 4 in
year j and farm k; p is the common intercept; B, is the
fixed effect for the breed (i = 1, 2, 3, 4); year; is the
random effect for year (j = 1, 2, 3); farmy(year,) is the
random effect for farm (k = 1, ..., 15) nested within
year; cow,(B;) is the random effect for cow (I =1, ...,
134) nested within breed; and e;;, is the residual error.
Results are expressed as predicted means or probabili-
ties for each breed. Multiple comparison biases were
accounted for (multcomp, single-step method). The
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breeds’ Wood lactation profiles were fitted by a linear
mixed model (Ime) predicting the In(ECM,) and includ-
ing breed, day t after calving, In(?), and the interactions
breed x t and breed x In(?) as fixed effects and year,
farm, cow and the interaction cow X ¢ as nested random
effects. Residuals were modeled using an exponential
correlation structure and a variance power of ¢ The
model was

+ [B; x In(t)] + year; + farm,(year,)

+ cow[farmy(year;)] + cow [farmy(year;)] % t + e,

where In(ECM),;, is the natural logarithm of ECM at
time ¢ for the animal [ of breed 7 in year j and farm k;
i is the common intercept; B; is the fixed effect for the
breed (i = 1, 2, 3, 4); ¢ is the fixed effect of the DIM
covariate; In(#) is the natural logarithm of # B; X ¢ is
the slope interaction between breed and ¢; B; x In(t)
is the slope interaction between breed and In(?); year;
is the random effect for year (j = 1, 2, 3); farm,(year,)
is the random effect for farm (k = 1, ..., 15) nested
within year; cow[farmy(year;)] is the random effect for
cow (I =1, ..., 134) nested within farm and within
year; cow [farm,(year;)] x tis the random slope interac-
tion with ¢; and e, is the residual error modeled using
an exponential correlation structure and a variance
power of t.

Thirty-day spaced BCS from calving to 270 d after
calving was adjusted in a linear mixed model account-
ing for breed, time, and their interaction as fixed ef-
fects, and year, farm within year, and cow within farm
within year as random effects. Residuals were modeled
using an autoregressive correlation structure of order 1.
The model was

BCSZ'jklt =K + Bz + Tt + (Bz X Tt) + yearj

+ farmy(year;) + cow/[farmy(year;)] + e

where BCS;;; is the BCS at time ¢ for the animal [ of
breed i in year j and farm k; p is the common intercept;
B; is the fixed effect for breed (i = 1, 2, 3, 4); T is the
fixed effect for BCS time (¢ = 1,...,10); B; x T, is the
interaction between breed and BCS time; year; is the
random effect for year (j = 1, 2, 3); farmy(year,) is the
random effect for farm (k= 1, ..., 15) nested within
year; cow [farmy(year;)] is the random effect for cow (I
=1, ..., 134) nested within farm and within year; and
e is the residual error modeled using an autoregres-
sive correlation structure of order 1.

Relationships Between Variables. The relation-
ships between reproductive variables and both produc-
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tion and BCS variables were further investigated by
mixed logistic regressions (glmer). The 3 reproductive
outcome variables investigated were the 21-d submis-
sion rate, the first service conception rate, and the 6-wk
pregnancy rate. The 7 explanatory covariates were to-
tal ECM over the first 100 d of lactation (both the raw
value and the value divided by metabolic BW), BCS
at calving, BCS at 100 days, BCS at nadir, and BCS
change from calving to 100 d and to nadir. Models ac-
counted for the investigated covariate, breed and their
interaction as fixed effects, and cow, year and farm
within year as random effects. The initial model was

+ year; + farmy(year;) + cow,(B;) + ey,

where RO, is the binomial reproductive outcome (0/1)
for the animal [ of breed 7 in year j and farm k; p is the
common intercept; B; is the fixed effect for the breed
(i=1, 2, 3, 4); COV is the investigated covariate; B;
x COV is the slope interaction between breed and the
covariate; year; is the random effect for year (j = 1,
2, 3); farmy(year;) is the random effect for farm (k =
1, ..., 15) nested within year; cow,B;) is the random
effect for cow (I =1, ..., 134) nested within breed; and
ey is the residual error. Effects of the covariate were
assessed by likelihood ratio tests, sequentially remov-
ing the interaction term, covariate or breed, and all
fixed effects from the model. Interactions at P < 0.20
were explored further, eventually by removing an atypi-
cal group from the analyzed population. In addition,
relationships between ECM and BCS variables were
analyzed similarly using linear mixed models (lmer).

RESULTS
Milk Production and BCS

All production parameters differed among breeds
(Table 1). Milk and ECM yield over 270 d of lactation
differed by 1,000 kg between the 2 extreme groups, with
CH HF having the highest yield and CH BS the lowest.
The CH BS cows also produced the lowest fat and pro-
tein yields, whereas no difference was recorded between
NZ HF, CH HF, and CH FV. The NZ HF cows had the
highest average fat and protein contents and greatest
lactation persistency (expressed as the ratio of ECM
yield during d 101 to 200 to the ECM yield during
d 1 to 100; Figure 1). Body weight differed by 90 kg
between extremes, with NZ HF and CH BS being the
lightest groups and CH HF and CH FV the heaviest
(Table 1). Accounting for BW and ECM differences,
the ECM efficiency criteria identified the HF groups
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(CH HF and NZ HF') as most efficient (Table 1). Body
condition score was also affected by breed (P < 0.001),
but BCS change was not (Table 1; Figure 1).

Reproduction and Health

For the same interval from calving to PSM, CH FV
cows established pregnancy earlier than other breeds
(Figure 2). This was a consequence of a high 21-d sub-
mission rate (86%) and a high conception rate within
2 inseminations (89%; Table 2). Conversely, although
not always significant, the poorest reproductive perfor-
mances were recorded for CH HF cows, with NZ HF
and CH BS being intermediate. Despite a low 21-d
submission rate (563%), NZ HF reached the same 12-wk
pregnancy rate as CH FV and CH BS cows (>90%;
Table 2). The NZ HF cows had a higher prevalence
of health disorders during their lactations than CH BS
cows (41 vs. 14%; P < 0.01; Table 3). Although this
could not be statistically attributed to any specific
health disorder, a higher prevalence of mastitis was
suspected (19 vs. 3% for NZ HF vs. CH BS; P = 0.11),
and supported by SCC data for the first 100 d of lacta-
tion (Table 3).

Relationships Between Reproductive
Performance and Milk Production or BCS

Only BCS at nadir, BCS at 100 d postpartum, and,
to a lesser extent, BCS at calving were associated with
variance in reproductive performance. The breed x
covariate interaction term was removed from all models
(all P > 0.24). Body condition score at calving was
positively associated with first service conception rate
(P = 0.062) and 6-wk pregnancy rate (P = 0.027), but
only if breed was not included in the model (if included
P = 0.16 and 0.12, respectively); it did not affect 21-d
submission rate with either model (P > 0.16). Both
BCS at nadir and at 100 d were positively associated
with the 6-wk pregnancy rate (P = 0.001 and P <
0.001, respectively), even when breed was included in
the model (P < 0.01; Figure 3). Body condition score
at 100 d was also positively associated with first service
conception rate, either with (P < 0.05) or without (P
< 0.05) accounting for the breed effect (Figure 3). In
comparison, BCS at nadir tended to be associated with
variance in first service conception rate (P = 0.07),
but only if breed was not included in the model (if
included P = 0.26). The association between BCS at
nadir, and at 100 d, on 21-d submission rate tended
to differ among the breeds (P = 0.15 and 0.16 for the
interaction term, respectively). An opposite nonsig-
nificant relationship (P > 0.63) was observed in the
CH HF group. After removing the CH HF breed from
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Table 1. Milk production, BW, and BCS of New Zealand Holstein-Friesian (NZ HF), Swiss Holstein-Friesian (CH HF), Swiss Fleckvieh
(CH FV), and Swiss Brown Swiss (CH BS) cows managed in a seasonal-calving, pasture-based dairy system

Ttem n NZ HF CH HF CHFV CH BS P-valuey,eeq SED,,.
Milk production over 270 d
Milk yield (kg) 259  5,321" 5,921 5,291" 4,927" <0.001 190
ECM? yield (kg) 259 5,531" 5,840" 5,363" 4,814* <0.001 195
Fat yield (kg) 259 227" 237" 219" 190° <0.001 9.08
Protein yield (kg) 259 184" 190" 175" 160° <0.001 6.01
Fat content (%) 259 4.25°¢ 4.01™" 4.15" 3.86" <0.001 0.107
Protein content (%) 259 3.46" 3.20" 3.31° 3.27" <0.001 0.048
Lactose content (%) 259 479" 4.72° 4.80" 4.85" <0.05 0.039
ECM persistancy® 259 0.79" 0.74" 0.76" 0.72" <0.001 0.022
ECM efficiency” (kg-kg™*™) 221 52.1 50.2" 44.5" 43.8" <0.001 1.73
Milk production over first 100 d
ECM yield' (kg 259 2,508" 2,740° 2,502 2,322 <0.001 87.1
ECM efficiency” (kg-kg ") 221 23.2" 22.8" 20.9 20.9* <0.001 1.72
Average body weight 221 514" 592" 605" 523" <0.001 14.4
Body condition (1 to 5)
BCS at calving 251 3.25" 3.05" 3.52¢ 3.38" <0.001 0.099
BCS at 30 d 253 2.96" 2.68" 3.22° 3.12" <0.001 0.093
BCS at 100 d 255 2.84" 2.55" 3.12¢ 2.91" <0.001 0.095
BCS at nadir 246 2.69" 2.39" 2.86° 2.74" <0.001 0.080
BCS change from calving to 30 d 249 —0.28 —0.37 —0.24 —0.24 0.129 0.065
BCS change from calving to 100 d 247 —0.40 —0.50 —0.39 —0.45 0.415 0.093
Maximum BCS loss 242 —0.55 —0.65 —0.64 —0.61 0.230 0.090

*“Values within a row with different superscript letters differ (P < 0.05).

"Maximum of SE of the differences.
*Energy-corrected milk: 4.0% fat, 3.2% protein, and 4.8% lactose.

*Ratio of ECM yield during d 101 to 200 to the ECM yield during d 1 to 100.
*Energy-corrected milk per average lactation metabolic weight (i.e., per average lactation BW’™). Thirty-eight lactations with missing cow BW

were excluded from the analysis.

the analyzed population, the breed x covariate interac-
tion term was removed from the models (P > 0.28). In
the NZ HF-CH FV-CH BS subpopulation, an increase
in BCS at nadir or at 100 d after calving was associated
with an increased 21-d submission rate, with (P < 0.01)
or without (P < 0.001) accounting for breed (Figure 3).
Body condition loss from calving to nadir, or to 100 d
postpartum, ECM yield, and ECM efficiency over the
first 100 d of lactation were not associated with vari-
ances in reproductive variables (P > 0.20), despite
partial correlations with BCS at calving and BCS at
nadir (see below).

Relationships Between Milk Production and BCS

Accounting for the breed, 1 unit of BCS higher at
calving was associated with a 261-kg increase in ECM
yield (P < 0.001), 0.78 units of BCS higher was as-
sociated with loss from calving to nadir (P < 0.001)
and, consequently, a 0.22 units of BCS higher at nadir
(P < 0.001). When considering only the first 100 d
of lactation, the strength of the relationship between
BCS change and ECM yield appeared breed specific
(interaction = P < 0.05). An increase in ECM yield of
400 kg (~1 SD on the whole population) was associated
with a larger BCS loss of 0.24, 0.16, 0.12, and 0.00 unit

(from calving to 100 d) in the CH HF, CH BS, NZ HF,
and CH FV groups, respectively. The same was true
for ECM efficiency (interaction = P < 0.05; results not
presented).

DISCUSSION

This study offered the first opportunity to test the
suitability of Swiss breeds in a pasture-based, seasonal-
calving system, and to compare them to a reference
population of NZ HF. New Zealand HF cows were ef-
ficient producers with reasonable fertility. Only CH FV
had a better reproductive performance, but with a
lower milk production efficiency. The study underlined
various breed differences in milk yield, BCS dynam-
ics, reproductive performance, and relationships among
those traits.

Milk Production and BCS

Differences in milk production recorded between CH
HF and NZ HF are in the same range as previously
reported in studies comparing NA HF with NZ HF
strains in a similar system of production (Horan et
al., 2005a, b; Macdonald et al., 2008). Swiss HF were
heavier, produced greater milk volumes with lower fat
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Figure 1. Fitted Wood lactation curves and curves of adjusted BCS
over 270 d of lactation for New Zealand Holstein-Friesian (NZ HF; n =
131; solid line), Swiss Holstein-Friesian (CH HF; n = 40; short dashed
line), Swiss Fleckvieh (CH FV; n = 43; dotted line), and Swiss Brown
Swiss (CH BS; n = 45; long dashed line) cows managed in a seasonal-
calving, pasture-based dairy system.

and protein contents, and had a higher peak of lacta-
tion with a lower persistency than NZ HF. As a result,
expressed in terms of kg of ECM/kg of BW"™ both
HF strains achieved the same efficiency of production,
as reported by Horan et al. (2004a, b) and Kolver et
al. (2005) in a similar system of production in terms of
quantity of concentrate offered. For this reason, Delaby
et al. (2010) has previously argued that high genetic
merit dairy cows, even the highest producers within the
HF, are also adaptable to low-input grazing dairy sys-
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Figure 2. Proportion of pregnant New Zealand Holstein-Friesian
(NZ HF; n = 130; @), Swiss Holstein-Friesian (CH HF; n = 40; X),
Swiss Fleckvieh (CH FV; n = 43; A), and Swiss Brown Swiss (CH BS;
n = 45; W) cows managed in a seasonal-calving, pasture-based dairy
system.

tems if no time-related reproductive constraint exists.
However, in a more restrictive system (pasture only),
NZ HF achieved a higher milk production efficiency
than NA HF (Kolver et al., 2002, 2005; Macdonald et
al., 2008). Feeding may not have been restricted enough
within the current study to conclude that NZ HF had
a higher milk production efficiency. On the contrary, in
a pasture system with high concentrate supplementa-
tion (average 4-6 kg/cow per day), NA HF achieved a
higher efficiency (Horan et al., 2004, 2005b; Kolver et
al., 2005). This is due to a 2-fold greater milk response
to concentrate supplementation for NA HF than for
NZ HF, owing to a lower substitution rate (kilograms
of forage less per kilograms of concentrate more) and to
a different partitioning of the supplemental energy into
milk production rather than into body reserves (Horan
et al., 2005b; Roche et al., 2006). The latter is, to some
extent, explained by higher insulin resistance (Chagas
et al., 2009) and greater uncoupling of the somatotropic
axis (Lucy et al., 2009) in NA genetics. In the current
study, it could be inferred that the production efficien-
cy and the greater lactation peak of the CH HF was
due to a greater milk response to concentrate supple-
mentation (i.e., to a greater DMI) before the start of
grazing (3.2 kg/cow per day), and partly to a higher
fat mobilization at the beginning of lactation. With a
similar pattern of concentrate supplementation, Horan
et al. (2005a) also reported similar lactation curve dif-
ferences between NA HF and NZ HF. The pattern of
concentrate supply may thus influence the peak level
achieved, in agreement with the relatively flat curves
reported for HF cows fed no concentrate at all between
calving and the start of grazing (Cutullic et al., 2011).
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Table 2. Reproduction parameters of New Zealand Holstein-Friesian (NZ HF), Swiss Holstein-Friesian (CH HF), Swiss Fleckvieh (CH FV), and
Swiss Brown Swiss (CH BS) cows managed in a seasonal-calving, pasture-based dairy system

Ttem n NZ HF CH HF CH FV CH BS P-valuey,eeq SED,..
Calving (d of the year) 259 48.9% 62.3¢ 39.3° 55.3% <0.01 6.19
Calving to PSM? (d) 259 55.6 56.5 57.2 51.9 0.692 5.10
Calving to first service (d) 256 78.9 774 70.7 70.4 <0.05 5.18
Calving to conception (d) 220 87.3 91.0 7.2 80.2 0.054 6.45
PSM to conception® (d) 220 27.3 29.3" 14.8" 21.9* <0.05 0.622°
PSM to first service® (d) 256 19.9” 18.8" 11.0° 13.3" <0.05 0.546"
21-d submission rate (%) 259 52.9" 57.7% 86.0 70.5" <0.01

Conception to first service (%) 256 62.0 45.5 67.4 58.9 0.374 —
Conception to first and second service (%) 256 76.5" 59.0" 89.0 721" <0.05

Pregnant within 3 wk of mating (%) 258 31.9° 25.8" 65.4" 37.6" <0.05 —
Pregnant within 6 wk of mating (%) 258 66.0 48.1 80.6 64.4 0.144

Pregnant within 9 wk of mating (%) 258 78.6™ 65.3" 92.0 85.8" <0.05 —
Pregnant within 12 wk of mating (%) 258 91.5 80.7 94.5 93.0 0.326

““Values within a row with different superscript letters differ (P < 0.05).

"Maximum of SE of the differences for continuous variables only (binomial variables were analyzed on the logit scale).

*Planned start of mating.

*The variable was transformed by squared root before analysis; SED,,, is given on the squared root scale.

Although CH HF cows were thinner throughout, no
difference in BCS change over lactation (P > 0.2) was
observed; the difference of 0.10 units of BCS change
between CH HF and NZ HF was reached within the
first 30 d of lactation and did not widen further. The
already lower BCS at calving for CH HF (—0.20 units
of BCS in comparison to NZ HF) may have narrowed
the difference in BCS loss, as lower BCS at calving
partly prevents excessive BCS loss after calving (Roche
et al., 2009). The difference of 0.10 units of BCS change
would explain no more than 80 kg of ECM difference
over lactation (National Research Council, 2001). Even
the differences in BCS change with the other 2, less
efficient, breeds (CH FV and CH BS) did not reach
significance (P > 0.1). This is not consistent with the
studies of Horan et al. (2005b), Roche et al. (2006), Mc-
Carthy et al. (2007a) or Macdonald et al. (2008), where
NA HF lost more BCS at the beginning of lactation
than NZ HF. Similarly, breeds such as Montbeliarde
or Normande (breeds comparable with the CH FV in
terms of the balance of milk and meat production) lose

less BCS than NA HF in such systems (Dillon et al.,
2003; Delaby et al., 2009; Cutullic et al., 2011).
Interestingly, the relationship between milk produc-
tion and BCS change within the first 100 d of lactation
was breed-specific; the positive relationship did not
exist in the dual-purpose CH FV. The CH HF cows
produced 800 kg more ECM over 100 d of lactation and
milk production was associated with nearly 0.5 units
larger of BCS change; NZ HF and CH BS being inter-
mediate. It is possible that the rapid improvement in
milk production potential for CH HF cows (as in other
dairy type breeds) over the last few decades has been
driven through increased body fat mobilization rather
than enhanced metabolic pathways and high voluntary
DMI. The seasonal BCS profile of CH FV, with a sec-
ond BCS decline during the summer months, was not
recorded in other breeds but is consistent with Roche et
al. (2007). The NZ HF, CH HF, and CH BS cows may
already have reached their nadir BCS and thus failed to
remobilize fat reserves in response to the reduced feed
quality (grass energy content) and quantity in summer.

Table 3. Health parameters of New Zealand Holstein-Friesian (NZ HF), Swiss Holstein-Friesian (CH HF), Swiss Fleckvieh (CH FV), and Swiss
Brown Swiss (CH BS) cows managed in a seasonal-calving, pasture-based dairy system

Ttem n NZ HF CH HF CH FV CH BS P-valueye SED,,..
Health problem?® (%) 259 41° 23" 39" 14" <0.01 —
Periparturient disease” (%) 259 9 9 11 8 0.967 —
Mastitis® (%) 259 19 7 6 3 <0.05 —
Lactations with treatment against anestrus (%) 259 4 2 4 0 <0.01 —
SCC over 100 d* (1,000 cells/mL) 259 48" 42" 31 29" <0.05 0.225°
SCC over 270 d* (1,000 cells/mL) 259 56 54 41 41 0.071 0.203°

**Values within a row with different superscript letters differ (P < 0.05).

"Maximum of SE of the differences for continuous variables only (binomial variables were analyzed on the logit scale).

*Percentages of lactations with at least 1 health disorder.

3Somatic cell count; In-transformed before analysis; SED,,. is presented on the In scale.
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This inference would require validation. The other clas-
sical relationships between BCS at calving, BCS loss,
BCS at nadir and milk production were evident for all
of the 4 breeds; a higher BCS at calving (not excessive)
was associated with increased BCS loss and milk yield,
but also with a higher BCS at nadir (Roche et al.,
2009).

Reproductive Performance and Health

The reproductive performance of CH HF was the
lowest but within the expected range of results for this
breed in this type of dairy production system (Horan et
al., 2004; Macdonald et al., 2008). Only 58% of CH HF
were submitted to Al during the first 21 d, and may
have been a consequence of a poor heat expression
given a previous report on progesterone profiles dur-
ing second lactation (Piccand et al., 2011). This low
submission rate, combined with a low conception rate
to first and second service (59%), resulted in fewer than
50% of cows being pregnant within 6 wk of breeding.
Although the proportion of pregnant cows steadily
increased, and reached 81% by the end of the breed-
ing period, the low proportion of early pregnant cows
results in a delayed calving that is likely to worsen with
time; late pregnant cows have less time to cycle before
PSM in the following year and have shorter lactations.
In addition, heifers from such cows may be (up to 2-3
mo) younger at first service.

The low 21-d submission rate of the NZ HF was
probably due to a late resumption of luteal activity
(monitored in second lactation; Piccand et al., 2011),
consistent with previous reports involving this genotype
(Macmillan, 2002; McNaughton et al., 2003; Macdon-
ald et al., 2008). Hormonal therapy to induce ovulation
at the planned start of mating is commonly used to
stimulate cycling activity (McNaughton et al., 2003;
Macdonald et al., 2008) and, thus, improve the 21-d
submission rate of NZ HF cows. In the current study,
the use of hormonal treatment was low for all 4 breeds
(<5%). However, owing to a high conception rate to
AI, NZ HF cows compensated and achieved a 66%
pregnancy rate by 6 wk of breeding, which is similar to
the level achieved by the HF population in NZ (69.8%;
Xu and Burton, 2003). This result also suggests that
breeds with late resumption of ovarian activity can
even achieve high fertility at insemination, and that
failures in cyclicity and conception rate are not medi-
ated by the same genetic factors (Cutullic et al., 2012).

The main disadvantage of NZ HF in the present study
was their rather high prevalence of health problems
(41% of lactations experienced at least 1 health issue),
especially in comparison with CH BS group, which
were not as efficient with production or reproduction,
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Figure 3. Relationships between BCS at 100 DIM and the 3 repro-
ductive variables—21-d submission rate (n = 207), first-service con-
ception rate (n = 252), and 6-wk pregnancy rates (n = 254)—in New
Zealand Holstein-Friesian (solid line), Swiss Holstein-Friesian (short
dashed line), Swiss Fleckvieh (dotted line), and Swiss Brown Swiss
(long dashed line) dairy cows bred in a pasture-based, seasonal-calving
system. Detailed equations can be found in Table A1 of the Appendix.
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but encountered relatively few health problems (13%).
Numbers of animals were low to study health problems,
but a higher sensitivity to IMI appeared in the NZ HF
cows used in this study. When considering SCC, the
results are more ambiguous, as also reported in other
studies where NA HF had higher (Lacy-Hulbert et al.,
2002) or lower SCC (McCarthy et al., 2007b; Macdon-
ald et al., 2008) than NZ HF. Statistical trends were
only observed over the first 100 d of lactation between
NZ HF and CH BS (P < 0.05) or CH FV (P = 0.06).
Swiss breeds have been selected for a longer time on
SCC and udder characteristics compared with NZ HF
where the SCC trait was introduced in the NZ breed-
ing worth calculations in 2004. Udder health should
require further consideration, as it is a major culling
reason in dairy herds and consumer pressures to reduce
antibiotic use exist.

Reproductive performance of CH FV was the best
among the 4 breeds studied. They were the only breed to
achieve, or even exceed, the objectives set for seasonal-
calving herds (>90% submission rate in 21 d and >78%
of cows pregnant within 6 wk of breeding; Burke et
al., 2007). This result is in agreement with the average
from the Swiss national records, irrespective of the pro-
duction system; CH FV achieved very high conception
rates, good estrus expression (as demonstrated by the
high 21-d submission rate, which is the result of heat
expression and detection rate), and early and regular
cyclicity (attested in second lactation by progesterone
profiles; Piccand et al., 2011). The superior reproduc-
tive performance of Montbeliarde or Normande (breeds
comparable with the CH FV in terms of the balance of
milk and meat production) in seasonal-calving systems
has already been reported (Dillon et al., 2003; Delaby et
al., 2009; Cutullic et al., 2011). However, those breeds
are less efficient milk producers and revenue from meat
production must be greater or environmental consider-
ations must be taken into account (Puillet et al., 2012)
for these breeds to be recommended.

Interestingly, reproductive performance was closely
associated with BCS; CH FV cows were the fattest and
had the best results, CH HF cows were the thinnest and
had the poorest results, CH BS and NZ HF were inter-
mediate for both BCS and reproductive performance.
This is why the effect of variables related to BCS level
was increased by removing the breed term from the
models. However, even when accounting for the breed
effect, BCS at 100 d postpartum or at nadir was sig-
nificantly related to the 21-d submission rate (except
for the CH HF) and the 6-wk pregnancy rate. Body
condition score at 100 d, which is around mating, was
also positively associated with first service conception
rate. Overall, a higher BCS after calving was associated
with improved reproductive performance, irrespective
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of breed (Figure 3). This is consistent with previous
results in such a system (Roche et al., 2007) and may
result from improvements in cyclicity, oocyte quality,
and conception rate (Cutullic et al., 2012). Reproduc-
tive performance is often thought to be influenced both
by the BCS level (also at calving) and by the loss of
BCS after calving (Roche et al., 2009). Body condi-
tion score at 100 d after calving combines these 2 traits
and is, thus, more likely to be highly influential. This
should be a serious consideration for fertility selection
measures, as BCS is scored once after calving in many
dairy countries and the relationships appear common
to several breeds. Whereas BCS seems to explain most
of the breed differences in first service conception rate
and 6-wk pregnancy rate (the breed effect is far from
significant when the prediction already accounts for
BCS; Figure 3), BCS is clearly not the only factor to
explain breed differences on 21-d submission rate. Scor-
ing biases cannot be ruled out, as illustrated by the
much lower 21-d submission rate in NZ HF cows com-
pared with CH FV cows for a same 2.75 BCS at 100 d
after calving (51 vs. 80%; Figure 3). The lack of effect
of milk yield variables, known for their influence on
estrus expression and late embryo survival (Cutullic et
al., 2012), is probably due to the relatively lower milk
yields achieved in grazing systems where the individual
animal is unable to express their milk yield potential,
and is in agreement with low phenotypic correlations
between milk yield and reproduction reported in Ire-
land for such systems (Berry et al., 2003). Within the
same system, and especially in challenging low-input
systems, BCS after calving appears once more to be the
critical issue for dairy cattle reproductive improvement
(Roche et al., 2009), irrespective of the breed (breed
x BCS interactions were not significant). Pasture-
fed cows with lower milk yields and BCS can achieve
similar reproductive performance than highly supple-
mented cows with higher milk yields and high BCS, as
levels of milk production and BCS are altering specific
stages of the reproductive process (Cutullic et al., 2011;
Cutullic et al., 2012). For this reason, selection across
systems must be done carefully and these effects should
be taken into consideration.

CONCLUSIONS

The results of this analysis indicate large variation
between breeds regarding milk production, repro-
ductive performance, and health. Despite their high
milk-production efficiency, CH HF are unsuited to
seasonal calving production systems due to their poor
reproductive ability. On the contrary, CH FV achieved
compact calving and merit further consideration within
pasture-based milk production systems despite their
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lower milk production per lactation. These results also
indicate that genetic selection for higher BCS postpar-
tum should help to improve overall reproductive perfor-
mance irrespective of breed.
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APPENDIX

Table A1. Fixed effects coefficients of the linear predictor of the logistic regressions used to model relationships
between BCS at 100 DIM and the 3 reproductive variables—21-d submission rate (n = 207), first service
conception rate (n = 252), and 6-wk pregnancy rates (n = 254)—in New Zealand Holstein-Friesian (NZ HF),
Swiss Holstein-Friesian (CH HF), Swiss Fleckvieh (CH FV), and Swiss Brown Swiss (CH BS) dairy cows bred

. . 1
in pasture-based, seasonal-calving systems

Model

Coefficient 21-d submission First-service conception 6-wk pregnancy
Intercept —4.8228 —1.91168 —3.2992
BCS100 1.7652 0.84383 1.3994
Breed

NZ HF 0 0 0

CH HF NAZ —0.39354 —0.3156

CH FV 1.3584 —0.07235 0.3815

CH BS 0.6871 —0.28562 —0.2991

"The link function was the logit function: logit(p,) = log[p,/(1 — p.)] = intercept + BCS100, + breed,, where
D, is the probability of success for the ith breed when BCS100 is equal to z, intercept and BCS100 are common
coefficients to the 4 breeds, and breed, is the breed-specific coefficient corresponding to the ith breed.

*Not available.
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