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ABSTRACT

In Denmark, Finland, and Sweden, the Nordic Total
Merit index is used as the breeding selection tool for
both organic and conventional dairy farmers based
on common economic models for conventional dairy
farming. Organic farming is based on the principles of
organic agriculture (POA) defined by the International
Federation of Organic Agriculture Movements. These
principles are not set up with an economic point of
view, and therefore it may be questionable to use a
breeding goal (BG) for organic dairy production based
on economic models. In addition to economics and the
principles of organic agriculture, it is important to look
at farmers’ preferences for improving BG traits when
setting up a BG for organic farming. The aim of this re-
search was to set up, simulate, and compare long-term
effects of different BG for organic and conventional
dairy production systems based on economic models,
farmers’ preferences, and POA, with particular empha-
sis on disease resistance or on roughage consumption
and feed efficiency. The BG based on economic models
and on farmers’ preferences were taken from previous
studies. The other BG were desired gains indices, set up
by means of a questionnaire about relatedness between
the POA and BG traits. Each BG was simulated in the
stochastic simulation program ADAM. The BG based
on POA, with particular emphasis on disease resistance
or on roughage consumption and feed efficiency, caused
favorable genetic gain in all 12 traits included in this
study compared with 6 traits for the other BG. The
BG based on POA, with particular emphasis on dis-
ease resistance or on roughage consumption and feed
efficiency, were very different from BG for organic and
conventional production based on economic models and
farmers’ preferences in both simulated genetic change
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and correlations between BG. The BG that was created
based on the principles of organic agriculture could be
used as a specific index for organic dairy farming in
Denmark, but this index was economically not very
sustainable. Hence, an intermediate breeding goal could
be developed by breeding companies to address both
economics and the principles of organic agriculture.
Key words: organic farming, breeding goal, dairy cow,
desired gains index

INTRODUCTION

In Denmark, Finland, and Sweden, the same breeding
goal (BG) is used for organic and conventional dairy
production. The Nordic Total Merit Index (NTM) is
used as the breeding selection tool for both produc-
tion systems. As with many other dairy cow total merit
indices, the NTM includes functionality and health in
addition to production traits. Relative emphasis on
production and other traits differs between countries
(Miglior et al., 2005), and relative emphasis on different
traits might also differ for different production systems,
such as organic and conventional dairy production.

Some of the major differences between organic and
conventional dairy production are feeding strategy,
outdoor access, and use of antibiotics. In organic dairy
production in Europe, all feed must be organic, at least
50% of the feed must be produced by the farm itself,
at least 60% of the ration must be roughage, and cows
must have pasture access in the grazing season (The
Council of the European Union, 2008). In addition, the
rules for using veterinary medicine are stricter and the
withdrawal period after treatment is twice as long as
for conventional dairy production (The Council of the
European Union, 2008). Regulations for organic farm-
ing are based on the principles of organic agriculture
(POA) defined by the International Federation of
Organic Agriculture Movements (IFOAM), namely
the principles of health, ecology, fairness, and care (IF-
OAM, 2016). These POA state that organic production
should enhance the health of all living beings, be based
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on living ecological systems and cycles, ensure fairness
at all levels of the food chain, and protect the well-being
of current and future generations and the environment.
However, the POA are not set from an economic point
of view and, therefore, it may be questionable to use a
BG for organic dairy production based solely on eco-
nomic models. A BG based on the POA can be set up
by interpreting and translating the POA into breeding
goals for animal production; however, animals are only
mentioned a few times in IFOAM’s POA, and genetics
is mentioned even less.

An alternative base for a specific BG for organic
production is farmers’ preferences for improving BG
traits, which can be measured with a preference survey.
A Swedish survey showed that organic dairy farmers
prefer disease resistance more and milk production less
than conventional dairy farmers (Ahlman et al., 2014).
The opposite was seen in a Danish study, with organic
farmers preferring improvements in milk production
more than conventional farmers (Slaghoom et al.,
2016a,b). Other traits might have to be added to a BG
for organic dairy production in Denmark; for instance,
including roughage consumption considering the organ-
ic regulations on pasture access and amount of rough-
age in the ration. When the importance of traits differs
between organic and conventional dairy production, it
might be advantageous to create different BG for each
of these production systems. Only 1 breeding line with
1 BG is used in Danish dairy production, and the effect
of having a specific BG for organic dairy production
needs to be quantified. The aim of the current research
was to set up, simulate, and compare long-term effects
of different BG for organic and conventional dairy
production systems based on economic models, farm-
ers’ preferences, and POA, with particular emphasis
on disease resistance or on roughage consumption and
feed efficiency.

Table 1. Description of traits included in the simulation in this study
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MATERIALS AND METHODS

Genetic Parameters

Twelve traits were included in simulation of the dif-
ferent BG (Table 1). These traits were chosen because
they are of economic importance or were expected to
be of particular importance to an organic BG based
on POA, such as roughage consumption. The current
NTM includes most of these traits, although sometimes
defined differently (e.g., fertility is not measured as
pregnancy rate, but the fertility index includes number
of inseminations and days from first to last insemina-
tion among others; Nordic Cattle Genetic Evaluation,
2017). For milk production, we chose the trait ECM
because it includes milk, fat, and protein production.
This trait was also chosen because it was used for a
farmer preference survey in which the number of traits
that we wanted to include was limited; thus, including
1 trait made more sense than including milk, protein,
and fat production separately (as in the NTM). Feed
efficiency and roughage consumption are not included
in the current NTM.

Heritability and genetic variance for the traits were
based on estimates used in Interbull evaluations for
Holstein cattle (Interbull, 2008, 2010, 2012, 2015) and
estimates found in the literature (Van Arendonk et
al., 1991; Hansen et al., 2002; Weller and Ezra, 2008;
Laursen et al., 2009; Fuerst-Waltl and Sgrensen, 2010;
Vallimont et al., 2011; Heise et al., 2016; Li et al.,
2016; Table 2). Heritability values were rounded to
2 decimal places. Genetic and phenotypic correlation
matrices were constructed using relevant reports in
the scientific literature (Table 2). Residual correlations
were calculated from genetic and phenotypic correla-
tions, where estimates from Danish studies or similar
conditions for Holstein cows were preferred. Reliable

Trait Abbreviation Description

Cow fertility CoF Pregnancy rate in cows, %

Heifer fertility HeF Pregnancy rate in heifers, %

Calving difficulty CD Incidence of a difficult calving per lactation as a binary trait

Calf mortality CaM Death within 15 mo after birth as a binary trait

Cow mortality CoM Mortality and involuntary culling per lactation as a binary trait

Hoof and leg diseases HLD Incidence of hoof and leg diseases per lactation as a binary trait

Mastitis MA Incidence of clinical mastitis per lactation as a binary trait

Other diseases OD Incidence of reproductive, digestive and metabolic diseases per lactation as a
binary trait

Milk production MP ECM' production per milking day

Beef production BP Growth of bull and heifer calves in kg/year

Feed efficiency FE ECM' production per feed unit

Roughage consumption RC Dry matter intake in kg/d

!Test-day production of ECM (kg) was calculated as [kg of milk x (383 x fat % + 242 x protein % + 780.8)]/3,140.
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Table 2. Genetic and phenotypic parameters used in the simulation’ [heritabilities are on the diagonal, genetic correlations above the diagonal,

and phenotypic correlations below the diag;onal]2

Trait® CoF HeF CD CaM CoM HLD MA oD MP BP FE RC o,

CoF 0.04 090  0.00  —0.05 015 —0.05 —0.30 —0.30 —0.40  —0.05  —0.55 0.15 9.49
HeF 0.05 001 000  —0.05 0.15  —0.05 —0.25 —0.25 —0.30 —0.05 —0.10 0.25 4.16
CD 0.35 0.00  0.06 0.05  —0.40 0.00 0.00 0.10 0.25 0.10 0.15 0.05 0.21
CaM —0.05  —0.05  0.05 0.04 0.15 0.15 0.05 0.10 0.00 0.00 0.00  —0.05 0.07
CoM 0.00 0.00  0.00 0.15 0.07 0.40 0.35 040  —0.30 015  —020  —0.50 0.05
HLD 0.00 0.00  0.00 0.15 0.40 0.01 0.45 0.20 0.25 0.00 0.15 0.05 0.03
MA 0.00 0.00 025 0.05 0.15 0.00 0.07 0.15 0.35 0.15 0.20 0.05 0.08
OD 0.00 0.00  0.00 0.10 0.40 0.00 0.00 0.02 0.05  —0.10 0.05 0.05 0.05
MP —0.15  —0.15  0.00 0.00  —0.10 0.00 0.05 0.05 044  —0.45 0.60 0.55 2.73
BP 0.00 0.00  0.10 0.00 0.05 0.00 0.05 —0.10  —0.45 0.33  —0.25 0.10  24.56
FE —0.15 =010 0.00 0.00  —0.20 0.15 0.20 0.05 0.60  —0.25 0.14 0.10 0.08
RC 0.00 0.00 005 —0.05  —0.05 0.05 0.05 0.05 0.30 0.05  —0.30 0.46 1.20

"This matrix was adjusted to be positive-definite before being used in the simulation.

*References: Bijma et al. (1998), Buch and Norberg (2008), Pedersen et al. (2015), Dematawewa and Berger (1998), Eaglen et al. (2013), Fuerst-
Waltl and Serensen (2010), Hansen et al. (2002), Heise et al. (2016), Interbull (2008, 2010, 2012, 2015), Kadarmideen et al. (2000), Laursen et
al. (2009), Li et al. (2016), Oltenacu et al. (1991), Spurlock et al. (2012), Sgndergaard et al. (2002), Sgrensen (1999), Team Avlsveerdivurdering
(2014, 2015), Van Arendonk et al. (1991), Vallimont et al. (2011, 2013), VanRaden et al. (2004), Weller and Ezra (2008).

*Traits: cow fertility (CoF), heifer fertility (HeF), calving difficulty (CD), calf mortality (CaM), cow mortality (CoM), hoof and leg diseases
(HLD), mastitis (MA), other diseases (OD), milk production (MP), beef production (BP), feed efficiency (FE), and roughage consumption (RC).
‘Genetic standard deviations are in the unit of the traits described in Table 1.

correlations could not be found in the literature for
all traits; therefore, some correlations were estimated
using correlations between other traits in combination
with expert opinion and biological reasoning. For ex-
ample, missing genetic correlations for feed efficiency
were based on genetic correlations for milk production
multiplied by the genetic correlation between feed effi-
ciency and milk production. A similar method was used
for missing genetic correlations for heifer fertility and
roughage consumption. Missing genetic correlations
between roughage consumption and disease traits were
set to 0.05 after discussions in our project group. In
cases where phenotypic correlations were not available
in the scientific literature, phenotypic correlations were
assumed to be the same as genetic correlations. All cor-
relations were rounded to the nearest 0.05 points. The
same genetic parameters were used for all BG.

Breeding Goals

The following BG were developed and simulated
(Table 3):

1. Conventional BG based on economic models
(BGConvEc);

2. Organic BG Dbased on
(BGOrgEc);

3. Organic BG based on a survey of farmers’ prefer-
ence (BGFarmPref);

4. Organic BG based on the principles of organic
agriculture (BGOrgPrin);

economic models
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5. Organic BG with particular emphasis on re-
sistance to mastitis, hoof and leg diseases, and
other diseases (BGDis); and

6. Organic BG with particular emphasis on rough-
age consumption and feed efficiency (BGFeed).

Breeding goals BGConvEc and BGOrgEc were derived
from economic models in SimHerd for a typical con-
ventional (BGConvEc) and organic (BGOrgEc) Danish
dairy farm (Kargo et al., 2015). SimHerd is a tool used
to help farmers make management decisions in dairy
herds, which was altered to derive economic values. For
BGFarmPref, a survey was carried out to study the
preferences of organic farmers for BG traits. A descrip-
tion of the survey can be found in Slagboom et al.
(2016a). The input for the survey was based on the
BG, using economic models for an organic dairy farm
(BGOrgEc); the economic values of BGOrgEc were
used to calculate improvements in trait units worth 100
DKr (=$16) per trait, which were presented to farmers
in the survey. Preferences of farmers were calculated
in ranks, but also in the unit of the economic value of
each trait. The BG weights in BGFarmPref consisted
of preferences of organic farmers in the unit of the eco-
nomic value added to the economic value of each trait in
BGOrgEc. Economic values for BGConvEc, BGOrgEc,
and BGFarmPref were multiplied by the genetic stan-
dard deviation (Table 2) to get the value per genetic
standard deviation unit for each trait, which were used
as BG weights (Table 3). Economic values were not
derived for beef production and roughage consumption,
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Table 3. Breeding goal weights' in Danish Krone (1 DKr = $0.16) per genetic standard deviation unit for goal traits in the 6 different breeding

goals, and accuracy of direct genomic values (DGV)

Trait? BGConvEc BGOrgEc BGFarmPref BGOrgPrin BGDis BGFeed Accuracy of DGV?
CoF 167.82 24.19 29.83 36.29 0.00 94.34 0.81
HeF 32.44 36.27 36.60 0.00 0.00 0.00 0.81
CD —264.64 —254.07 —153.88 —60.98 —76.22 —50.81 0.81
CaM —T74.87 —60.14 —68.44 —21.05 0.00 0.00 0.81
CoM —334.70 —281.63 —232.93 —28.16 0.00 0.00 0.81
HLD —16.06 —20.92 —20.66 —18.83 —167.36 —25.10 0.67
MA —81.06 —150.63 —165.21 —26.36 —225.95 —22.59 0.81
OD —28.52 —47.26 —42.86 —9.45 —141.78 0.00 0.67
MP 1,965.83 2,173.05 2,596.09 4.35 217.31 0.00 0.87
BP 0.00 0.00 0.00 40.00 120.00 56.00 0.81
FE 559.52 705.60 706.44 77.62 0.00 211.68 0.45
RC 0.00 0.00 0.00 15.00 0.00 120.00 0.45

'Breeding goals: BGConvEc = conventional based on economic models; BGOrgEc = organic based on economic models; BGFarmPref = organic
based on farmers’ preferences; BGOrgPrin = organic based on principles of organic agriculture; BGDis = organic with extra emphasis on disease
resistance; BGFeed = organic with extra emphasis on roughage consumption and feed efficiency.

*Traits: cow fertility (CoF), heifer fertility (HeF), calving difficulty (CD), calf mortality (CaM), cow mortality (CoM), hoof and leg diseases
(HLD), mastitis (MA), other diseases (OD), milk production (MP), beef production (BP), feed efficiency (FE), and roughage consumption (RC).
’DGV accuracies are based on genomic EBV reliabilities on average from young bulls born in 2014 (L. P. Sgrensen, SEGES Cattle, Aarhus,

Denmark, personal communication, September 8, 2016).

and thus these traits had a BG weight of 0 in the first
3 BG. The last 3 BG were set up with a desired gains
approach.

The correlation between BG were calculated with the
equation used in Buch et al. (2009):

- b,'Gb,

o = o=
Jb,'Gb,b,'Gb,

where 7, = the correlation between 2 BG; vector b,
contains the BG weights for the first BG; vector b,
contains the BG weights for the second BG; and matrix
G contains the genetic correlations between BG traits
(Table 2). This equation was also used to calculate the
correlation between 1 trait and the whole BG to be
able to compare with the NTM. In that case vector
b, contains a 1 for the represented trait and 0 for the
other traits. The correlations were calculated with the
procedure IML in SAS statistical software (version 9.3,
SAS Institute Inc., Cary, NC).

Desired Gains Approach

The BGOrgPrin was based on the POA defined by
the TFOAM (2016). To interpret these principles, a
questionnaire was sent out to several farmers, research-
ers, and experts in the area of organic animal husbandry
from May 2016 until October 2016. Participants were
given a short introduction to the project and IFOAM’s
official definition of the 4 POA (IFOAM, 2016) and
then asked whether each of the traits in this study was
(1) not at all, (2) somewhat, or (3) very much related

to each of the 4 POA. The trait beef production was
included in the study after the questionnaire had been
sent out, but was regarded as similar to milk produc-
tion in terms of relatedness to the POA. The purpose
of the questionnaire was not to get a representative
answer, but to get external experts’ guidance on how
to prioritize traits related to the POA. The number
of participants responding that a trait was very much
related to a particular principle was used to determine
for which traits genetic gain should be maximized for
BGOrgPrin. Traits were chosen within each principle
if a higher number of participants gave this rating to
a trait compared with the other traits. Traits chosen
for each principle were then added together to get all
traits that needed to have maximized genetic gain for
BGOrgPrinc. For BGDis, the aim was to maximize
genetic gain for resistance to mastitis, hoof and leg dis-
eases, and other diseases. For BGFeed, the aim was to
maximize genetic gain for roughage consumption and
feed efficiency. We chose the trait groups diseases and
feed efficiency because they resemble key elements of
organic dairy production that align with the POA. No
genetic decline was accepted in any of the other traits
in BGOrgPrin, BGDis, and BGFeed. An optimization
program in R using a grid search was developed to de-
termine BG weights for all traits that matched desired
genetic change for the last 3 BG. The inputs for this
program were genetic correlations, heritability, genomic
EBV reliability, and BG weight in BGOrgEc for each
trait. A range of relative economic weights was evalu-
ated by the program, such as 1, 50, 150, and 200% of
the BG weight in BGOrgEc. A trait can have a target
genetic change of 0 if required, and a linear combination

Journal of Dairy Science Vol. 101 No. 12, 2018



11090

of traits can be optimized in terms of genetic change.
The program gives expected genetic change based on
male superiority with a selection intensity of 1 for the
full range of relative economic weights evaluated. The
BG weights that predicted the genetic change that was
closest to the desired genetic change were chosen as BG
weights for BGOrgPrin, BGDis, and BGFeed.

Simulation

Each BG was simulated for 30 yr and replicated 20
times in the stochastic simulation program ADAM
(Pedersen et al., 2009), which simulates a population of
animals and tracks genetic change in individual traits
and the aggregate genotype. A pseudo-genomic setup
was used, similar to the method developed by Dekkers
(2007). This means that no genetic markers were simu-
lated, but instead 12 genomic traits were used, which
were the direct genomic value (DGV) for each of the
12 traits included in this study. These genomic traits
were correlated with a corresponding trait, with a cor-
relation equal to the accuracy of DGV for that trait; a
more detailed description of the method can be found
in Buch et al. (2012). Accuracy of DGV were based on
average genomic EBV reliability values for young bulls
born in 2014 (Table 3; L. P. Sgrensen, SEGES Cattle,
Aarhus, Denmark, personal communication, September
8, 2016). The genetic and environmental (co)variance
matrix for the pseudo-genomic simulations, G and
R, were computed according to Dekkers (2007) with
genetic, phenotypic, and residual correlations between
traits, heritabilities, and genetic and phenotypic vari-
ances. The G matrix was not positive-definite, and
thus it was bent before being used in the simulation.
The output of the simulation was analyzed using R
statistical software. An ANOVA test was performed fol-
lowed by Fisher’s LSD test to find pairwise differences
between all BG for genetic change in each of the 12
traits.

Population

The simulated population was created to reflect the
Danish Holstein population. The simulated breeding
population consisted of 20,000 cows distributed in 200
herds. These animals were divided into the age classes 1
to 6 yr for cows and 1 to 5 yr for bulls. Every year, the
2,000 best bull calves and the 2,000 best heifer calves
were genotyped (ranked based on parent average). Bull
calves from reproductive technologies had a different
sex class and had priority in this selection step. The
100 best genotyped bulls between 1 to 2 yr old were
selected for breeding (ranked based on estimated breed-
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ing values that include information on the genomic
traits). The 200 best genotyped heifers were selected
for multiple ovulation embryo transfer and produced 10
progeny each from 5 different sires, with a sex ratio of
50%. The remaining cows produced 1 calf each every
year. Unselected animals, bulls above 5 yr old, and
females above 6 yr old were culled. In addition, 15%
of all animals were randomly culled before selection
decisions were made. Animals were selected based on a
total merit index including all 12 traits with different
BG weights per BG. The ADAM program was used to
simulate true breeding values and phenotypes, and the
DMU package (Madsen and Jensen, 2013) was used
to predict breeding values. The model used combined
all information in 1 step; see Buch et al. (2012) for a
more detailed description of this method. To facilitate
comparisons between BG, the population structure
and breeding scheme were kept the same for all BG,
although a population specifically bred for organic pro-
duction would not include embryo transfer under the
current regulations for organic dairy production.

RESULTS
Questionnaire About Breeding Traits and POA

In total, 29 participants answered the questionnaire:
3 farmers, 15 international experts and researchers,
5 employees from breeding organizations, and 6 em-
ployees from farm advisory groups. Most participants
originated from Denmark and Sweden. Table 4 shows
the number of participants that rated a trait as very
much related to each principle.

Table 4. Number of participants rating each trait' as very much
related to each of the principles of organic agriculture defined by the
International Federation of Organic Agriculture Movements (IFOAM,
2016; n = 29 participants)

Principle of organic agriculture

Trait Health  Ecology  Fairness  Care
Cow fertility 16 13 7 13
Heifer fertility 14 12 6 12
Calving difficulty 17 6 13 17
Calf mortality 24 10 17 21
Cow mortality 24 10 18 20
Hoof and leg diseases 28 9 13 18
Mastitis 27 9 13 17
Other diseases 24 6 12 16
Milk production 3 8 9 6
Feed efficiency 4 17 7 8
Roughage consumption 8 19 9 10

'Beef production was not included in the questionnaire but was re-
garded as similar to milk production in terms of relatedness to the
principles of organic agriculture.
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Principle of Health. Most participants rated the
traits calf mortality, cow mortality, hoof and leg dis-
eases, mastitis, and other diseases as very much related
to this principle. More than half of the participants
rated cow fertility, heifer fertility, and calving difficulty
as very much related to this principle.

Principle of Ecology. More than half the par-
ticipants rated the traits feed efficiency and roughage
consumption as very much related to this principle.

Principle of Fairness. More than half the partici-
pants rated the traits calf mortality and cow mortality
as very much related to this principle.

Principle of Care. More than half the participants
rated the following traits as very much related to this
principle: calving difficulty, calf mortality, cow mortal-
ity, hoof and leg diseases, mastitis, and other diseases.

The traits that were rated as very much related to
each of these principles by most participants (evaluated
per principle) were added together to determine desired
gain for BGOrgPrin. The results of the questionnaire
indicated that participants regarded the following 8
traits as very much related to the POA: calving difficul-
ty, calf mortality, cow mortality, hoof and leg diseases,
mastitis, other diseases, feed efficiency, and roughage
consumption. Therefore, for BGOrgPrin, these traits
needed to achieve as much favorable genetic change as
possible without causing unfavorable genetic change in
any of the other traits. The desired genetic changes
resulted in the BG weights shown in Table 3.

Differences in Genetic Change Between Scenarios

Genetic change in genetic standard deviation (o)
units per year is shown in Figure 1. According to the
ANOVA test, at least 1 of the BG differed from the
others in genetic change for all traits. For the traits
cow fertility, heifer fertility, calving difficulty, calf mor-
tality, hoof and leg diseases, mastitis, other diseases,
and roughage consumption genetic change in o, units
per year was significantly different between at least 5
BG. Genetic change in o, units per year for BGCon-
vEc, BGOrgEc, and BGFarmPref were similar for all
traits, and we found no significant differences between
these 3 BG for genetic change in milk production, beef
production, and feed efficiency. Milk production and
feed efficiency had very high favorable genetic change
in BGConvEc, BGOrgEc, and BGFarmPref compared
with the other BG, and beef production, cow fertility,
and heifer fertility had very high unfavorable genetic
change compared with the other BG. All traits achieved
favorable genetic change in BGOrgPrin, BGFeed, and
BGDis, although genetic change in some traits was
very low, such as milk production in BGOrgPrin. Calf
mortality, cow mortality, and roughage consumption
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were the traits with the smallest differences in genetic
change in o, units per year between BG. For milk pro-
duction and mastitis, the differences in genetic change
in 0, units per year between BG were large.

Correlations

Correlations between BG are shown in Table 5. Cor-
relations between BGConvEc, BGOrgEc, and BGFarm-
Pref were all close to unity. Correlations between all the
other BGs were lower than 0.8. Correlations between 1
trait and each BG are shown in Table 6.

DISCUSSION

Implementation of a Breeding Goal
for Organic Dairy Production

In our study, several different BG were set up for
organic dairy production in Denmark. The results re-
vealed that the BG that would be most suitable for
organic dairy production depends on different factors.
Using economic models to determine BG weights for
organic dairy production (BGOrgEc) led to unfavor-
able genetic changes in cow fertility, heifer fertility,
calving difficulty, hoof and leg diseases, mastitis, and
beef production in our study. This was partly due to a
high BG weight because of the high economic value of
milk production, and partly due to unfavorable genetic
correlations between milk production and fertility, dis-
ease, and beef production traits. Deterioration of the
functional traits would be undesirable in most breeding
programs. According to the participants in our ques-
tionnaire, deterioration of the functional traits is also in
conflict with the POA, and an alternative BG may be
necessary. The BGOrgPrin, BGDis, or BGFeed options
presented in our study are potential alternatives, but it
is questionable whether these BG will give enough favor-
able genetic change in milk production for economically
sustainable production. This is particularly important,
as Slagboom et al. (2016a,b) showed that organic
dairy farmers in Denmark preferred improvements in
production traits more than conventional farmers did;
however, the survey by Slagboom et al. (2016a,b) did
not include assessment of long-term consequences of
preferences. If farmers see the consequences for genetic
change in functional traits when they put more weight
on production traits, they might choose differently, as
reported, for example, in a study of Swedish farmers’
preferences (Ahlman et al., 2014).

Farmers’ preferences are important, but they need
to be viewed in the framework of guidelines for organic
dairy production. An important factor to consider here
is that organic certification companies and legislators

Journal of Dairy Science Vol. 101 No. 12, 2018
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Table 5. Correlations between breeding goals®

SLAGBOOM ETAL.

Item BGOrgEc BGFarmPref BGOrgPrin BGDis BGFeed
BGConvEc 0.998 0.997 0.278 0.190 0.617
BGOrgEc 0.998 0.271 0.176 0.606
BGFarmPref 0.227 0.150 0.583
BGOrgPrin 0.690 0.783
BGDis 0.367

'Breeding goals: BGConvEc = conventional based on economic models; BGOrgEc = organic based on econom-
ic models; BGFarmPref = organic based on farmers’ preferences; BGOrgPrin = organic based on principles of
organic agriculture; BGDis = organic with extra emphasis on disease resistance; BGFeed = organic with extra

emphasis on roughage consumption and feed efficiency.

may decide that guidelines for organic farming need to
be updated in a way that changes the importance of
traits in the BG. A hypothetical example is a stronger
restriction on the use of antibiotics in organic produc-
tion. Such a change would decrease the difference be-
tween BGDis and a recalculated BGOrgEC. All BG
were run in a scenario that included embryo transfer. In
organic dairy production in Denmark, on-farm embryo

transfer it is not allowed, but using semen from a bull
that is the product of embryo transfer is allowed. Using
embryo transfer will increase genetic gain, and if sce-
narios would not have included embryo transfer overall
genetic gain would have been lower, but this would not
have influenced the relativity of comparisons.
Breeding goals are set based on a production system
in an average organic Danish dairy farm. However,
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Figure 1. Genetic change in genetic standard deviations (o,) units per year for all traits simulated and for each of the 6 breeding goals.
BGConvEc = conventional based on economic models; BGOrgEc = organic based on economic models; BGFarmPref = organic based on farm-
ers’ preferences; BGOrgPrin = organic based on principles of organic agriculture; BGDis = organic with extra emphasis on disease resistance;
BGFeed = organic with extra emphasis on roughage consumption and feed efficiency.
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Table 6. Correlations between each trait and the whole breeding goal for every breeding goal'

Trait? BGConvEc BGOrgEc BGFarmPref BGOrgPrin BGDis BGFeed
CoF —0.40 —0.45 —0.44 0.01 0.07 0.01
HeF —0.21 —0.25 —-0.25 0.32 0.08 0.44
CD 0.19 0.19 0.23 —0.34 —0.07 —0.03
CaM —0.07 —0.05 —0.04 —0.36 —0.15 —0.08
CoM —0.42 —0.40 —0.39 —0.40 —0.61 —0.35
HLD 0.16 0.16 0.18 —0.35 —0.68 —0.01
MA 0.23 0.23 0.25 —0.34 —0.64 —0.02
OD —0.06 —0.03 —0.01 —0.47 —0.61 —0.14
MP 0.97 0.96 0.97 0.05 0.05 0.46
BP —0.49 —0.47 —0.47 0.05 —0.01 0.01
FE 0.72 0.75 0.73 0.40 0.03 0.64
RC 0.57 0.53 0.53 0.44 0.28 0.70

'Breeding goals: BGConvEc = conventional based on economic models; BGOrgEc = organic based on econom-
ic models; BGFarmPref = organic based on farmers’ preferences; BGOrgPrin = organic based on principles of
organic agriculture; BGDis = organic with extra emphasis on disease resistance; BGFeed = organic with extra
emphasis on roughage consumption and feed efficiency.

*Traits: cow fertility (CoF), heifer fertility (HeF), calving difficulty (CD), calf mortality (CaM), cow mortality
(CoM), hoof and leg diseases (HLD), mastitis (MA), other diseases (OD), milk production (MP), beef produc-

tion (BP), feed efficiency (FE), and roughage consumption (RC).

great variation exists in characteristics of organic dairy
farms in Denmark, such as the amount of roughage
in the ration and the incidence of diseases. Therefore,
the specific production environment on a farm can
determine whether BGDis or BGFeed might be more
suitable for that specific farm. In that case, it might be
interesting to use customized indices on the farm level
instead of implementing a specific BG on the popula-
tion level. This might help to decrease the genetic lag
on farm level and on a trait basis, but genetic trends on
population level will not change. When implementing a
specific BG for organic dairy production on population
level, it is important to consider economics and the
POA and to ask farmers and other stakeholders about
their opinion of these BG. Implementing a separate BG
does have practical consequences, such as increased
costs for breeding and a decreased breeding population,
which could have consequences on inbreeding.

Similarity Between Breeding Goals

Using economic models for organic and conventional
dairy production resulted in very similar genetic change
in BG traits, as also shown in the correlation between
BGConvEc and BGOrgEc. Preferences of organic farm-
ers on top of the economic values of BGOrgEc resulted
in BGFarmPref, which gave a similar genetic change as
in BGConvEc and BGOrgEc and a very high correla-
tion between these 3 BG. Thus, economic values and
farmers’ preferences were so similar in our study that it
would not make sense to choose a different BG for or-
ganic dairy production based on this. Thus, it would be
better for genetic gain to use 1 overall BG for organic
and conventional dairy production. Correlations be-

tween BGConvEc and BGOrgPrin, BGDis, or BGFeed
were lower than 0.61, the break-even correlation point
estimated before the use of genomic selection (Mulder
et al., 2006). A correlation above the break-even point
means that total genetic gain will be lower when having
2 breeding lines with 2 different BG, and higher when
having 1 breeding line with 1 BG. This means that if
choosing a BG for organic dairy production based on
BGOrgPrin, BGDis, or BGFeed, and a BG for con-
ventional dairy production based on BGConvEc, the
correlation between BG would be so low that it would
be better for genetic gain to have 2 separate BG.

Comparison with the Nordic Total Merit index

The current NTM includes more traits than we have
included in our study, and some traits are defined dif-
ferently; thus, a full comparison is difficult. In Table
6 correlations between 1 trait and the whole BG are
given, which indicate similarities and differences be-
tween the BG in our study and the NTM. Correlations
between the NTM and the subindices of the NTM can
be found in Nordic Cattle Genetic Evaluation (2017).
The correlation between the NTM and the yield index
in the NTM was 0.48, which is much lower than the cor-
relation of milk production and BGConvEc, BGOrgEc,
and BGFarmPref. The current NTM has correlations
with the yield subindex that are comparable with the
correlation between BGFeed and milk production, and
correlations with health and mortality traits that are
most comparable to BGOrgPrin. Correlations with
fertility are higher in the NTM than in any of the
BG presented here. The consequence is that realized
genetic change in fertility might be higher than the
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change presented for all BG in our study, but realized
genetic change is a function of more than just breeding
goal decisions. Therefore, a straightforward comparison
with what is done in real life in the Nordic countries is
not possible.

Setting Up Breeding Goals

Different methods were used in this study to set BG.
Kargo et al. (2015) set up BGConvEc and BGOrgEc
using a bio-economic model to derive economic values,
as described by Ostergaard et al. (2016). Although this
is a sound way of calculating economic values, farmers
did not know that, for example, the economic value of
cow fertility was lower in an organic system compared
with a conventional system due to very high costs of
raising young stock in organic dairy production. When
these economic values were used as input for the farm-
ers’ preference survey, resulting in BGFarmPref, it
might have created some small bias. One example is
that the low economic value of cow fertility resulted in a
very high improvement in cow fertility being presented
to farmers in the survey (as all improvements presented
in the survey were equal to a value of 100 DKr). This
might have contributed to the fact that farmers mostly
preferred to improve cow fertility over other traits in
that study [see Slagboom et al. (2016a,b) for a more
detailed discussion on the survey|. The effect of the way
in which economic values were calculated on farmers’
preferences, and consequently on the BG weights in
BGFarmPref, is not known, but is likely to be small
considering that the correlation between BGOrgEc and
BGFarmPref was near unity.

We set up 3 BG with a desired gains index. There
are many ways to make a desired gains index, and
we chose to use input from a small questionnaire to
decide on desired gains for BGOrgPrin. The number
of participants that completed the questionnaire was
low, as the goal of the questionnaire was not to get a
quantitative response, but to get input for the desired
gains for BGOrgPrin. A lot of overlap existed between
responses from different participants, and it appeared
that the participants understood the definition of each
of the POA based on how they responded. Thus, we
believe the questionnaire was a good method to get
desired gains for BGOrgPrin.

Parameter Assumptions

The aim of breeding goal simulations are to predict
and compare long-term trends in genetic gain of dif-
ferent breeding goals, not to estimate detailed levels of
genetic gain. The results are naturally limited by un-
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certainties in assumptions such as population structure,
differences in trait definitions between studies, and the
accuracy of the genetic and phenotypic parameters used
as input in the simulation. The aim in the present study
was to compare differences in breeding goals for organic
dairy production in Denmark. Thus, the input data
were based on information and parameter estimations
from the current breeding evaluation in Denmark and
scientific literature reporting from Danish production
systems or production systems similar to the Danish,
aiming for the best possible prediction of the true traits
and parameter estimates.

A BG might have a different effect in different pro-
duction systems if genetic means and standard devia-
tions are not the same; however, in the Nordic countries,
genetic differences between organic and conventional
dairy production are small. For example, Sundberg
et al. (2009) found differences in means of traits for
organic and conventional dairy production in Sweden,
but the standard deviations were comparable, only the
standard deviation of yield was lower in organic pro-
duction. Therefore, the consequence of assuming equal
standard deviations of traits in this study will have a
minimal effect.

CONCLUSIONS

This study compared BG for organic dairy produc-
tion, which were set using various methods. Breeding
goals based on economic models or on farmers’ prefer-
ences do not align with the principles of organic agri-
culture, and thus an alternative base for a BG was set
up in this study. The BG that was created based on
the principles of organic agriculture could be used as
a specific index for organic dairy farming in Denmark,
but this index was economically not very sustainable.
Hence, an intermediate breeding goal could be devel-
oped by breeding companies to address both economics
and the principles of organic agriculture.
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