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Abstract (English)
The number of organic dairy farms in the Netherlands has increased steadily over the last
ten years. In 2021 approximately 3.5% of the Dutch dairy farms were managed organically. Due to agreements like the “Green Deal” of the European Union and stricter legal
regulations on phosphate and nitrogen emissions it is likely that this trend will continue
in the future. Therefore, the aim of this study was to analyse if there is genotype by environment interaction (GxE) between conventional and organic Dutch dairy farms for production traits. For the analysis data from CRV B.V. (Netherlands) was used. It consisted
of information for milk production traits and somatic cell count of first parity cows from
852 conventional and 224 organic farms. Data was edited with R-Studio and to estimate
variance and covariance component ASReml was used. The estimated heritabilities were
higher under conventional farming conditions for all traits. The genetic correlations between conventional and organic Dutch dairy farms were close to unity for all traits and
ranged between 0.95 and 0.99. Thus, there was no evidence for GxE. These high genetic
correlations implied that genetically there are small differences between milk production
traits and somatic cell count on organic farms and on conventional farms. Therefore, the
traits in the different environments can genetically be seen as identically. The results do
not give reason to set up a separate breeding programme for organic dairy cows when
focusing on milk production traits and somatic cell count (SCC).
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Abstract (German)
Die Zahl der Bio-Milchviehbetriebe in den Niederlanden ist in den letzten zehn Jahren
konstant angestiegen. Im Jahr 2021 waren ca. 3,5% der niederländischen Milchviehbetriebe als Biobetriebe zertifiziert. Durch Abkommen wie dem „Green-Deal“ der Europäischen Union und stetig strenger werdenden gesetzlichen Regelungen zu Nährstoffimmissionen besonders für Stickstoff und Phosphor kann davon ausgegangen werden, dass die
Zahl der Biobetriebe in der Zukunft weiter zunehmen wird. Ziel dieser Arbeit war es
deshalb, zu untersuchen, ob es zwischen konventionellen und biologischen Milchviehbetrieben in den Niederlanden Genotyp Umwelt Interaktionen gibt. Für die Analyse wurden
Daten der Firma CRV B.V. (Niederlande) verwendet. Der Analysedatensatz bestand aus
Informationen zur Milchproduktion und dem somatischen Zellgehalt von Erstkalbskühen
von 852 konventionellen und 224 biologischen Betrieben. Die Daten wurden in R-Studio
bearbeitet und zur Schätzung der Varianz und Kovarianz Komponenten wurde die Software ASReml verwendet. Die berechneten Heritabilitäten waren für alle berücksichtigten
Merkmale höher unter konventionellen Produktionsbedingungen. Die genetischen Korrelationen zwischen konventionellen und biologischen Milchviehbetrieben in den Niederlanden lagen zwischen 0,95 und 0,99 und waren somit nahe zur Einsgrenze. Dies impliziert, dass keine Genotyp Umwelt Interaktionen vorliegen und zwischen den betrachteten Merkmalen nur marginale genetische Unterschiede zwischen den beiden Produktionsumwelten zu finden sind. Die betrachteten Milchproduktionsmerkmale und der somatische Zellgehalt in konventionellen und biologischen Betrieben können somit als genetisch identisch angesehen werden. Die Ergebnisse geben keinen Anhaltspunkt zur Notwendigkeit der Entwicklung eines separaten Zuchtprogramms für Bio-Milchkühe, wenn
allein Milchproduktionsmerkmale und der somatische Zellgehalt betrachtet werden.
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1

Introduction

In the European Union (EU) organic production is becoming more important in recent
years (Willer et al., 2022). The amount of organic agriculture land in the EU is increasing
as well as the market share of organic products (Willer et al., 2022). In the Netherlands
the proportion of organic farming is lower compared to other western European countries
(Pinchaers, 2021) but due to the “Green Deal” of the EU it can be expected that the relevance of organic farming will further increase in the future. One objective of this agreement is to increase organic farmland up to 25% until 2030 (European Commission, 2021).
In 2020 9.2% of the agriculture land in the EU was managed organically (Willer et al.,
2022). Focussing on dairy production in the Netherlands around 3.5% of the dairy farms
were managed organically in 2021, an increase by 0.3% compared with 2020 (CBS,
2022). Organic cows produced 280 million kilograms of milk in 2020 (van Gelder, 2021).
This is 2% of the total milk production in the Netherlands (ZuivelNL, 2020). Besides the
total cow population in the Netherlands is decreasing over the last years, whereas the
number of cows that are managed organically is increasing (CBS, 2022). This trend highlights, that organic farming is on the rise (ZuivelNL, 2020). However, performances of
cows from conventional and organic dairy farms differ and these environmental differences might have genetic consequences such as genotype by environment interaction
(GxE) (Falconer & Mackay, 1996; Sundberg et al., 2009). GxE might lead to scaling
effects or reranking of genotypes and is quantified as the genetic correlation between
traits in two different environments (Cao et al., 2020; Falconer & Mackay, 1996). Low
genetic correlations could make it more profitable to set up an own breeding program for
each environment to maximise genetic gain in each production system (Mulder et al.,
2006). Previous research for Holstein cows had shown a wide range of genetic correlations between 0.59 - 0.98 for milk production traits and 0.94 - 0.99 for somatic cell count
(SCC) (Nauta, Veerkamp, et al., 2006; Shabalina et al., 2021; Sundberg et al., 2010).
Comparable studies were conducted for Brown Swiss, Felckvieh and Swedish Red cows,
with similar findings as for Holsteins (Pfeiffer et al., 2016; Schmid et al., 2021; Simianer
et al., 2007; Sundberg et al., 2010).
The aim of this study was to estimate genotype by environment interactions between organic and conventional Dutch dairy farms for milk production traits and SCC. The results
will show if a specific organic breeding program for organic Holstein Friesian cows
should be developed.
3

2

Literature review

The following paragraph is focussing on the literature review regarding the topic of genotype by environment interaction (GxE) between conventional and organic dairy farms.
GxE is the phenomenon that the same genotypes might show different performances in
distinct environments (Falconer & Mackay, 1996). An indicator for GxE is the genetic
correlation (Robertson, 1959). According to Robertson (1959) a genetic correlation of a
trait expressed in different environments below 0.80 can be seen as an indicator for GxE.
This interaction can bias estimated breeding values (EBV) and reduce the accuracy of
selection (Calus et al., 2002). Furthermore, there is the possibility of reranking of genotypes and thus, individuals that perform best in one environment might be not the best
ones in a different environment (Liu et al., 2019; Yin & König, 2018). Consequently,
there is the possibility of reduction in genetic gain when not accounting for GxE (Liu et
al., 2019).
Previous research on GxE interaction between conventional and organic dairy farms for
Holstein cows showed that organic dairy cows had a lower performance for milk, fat, and
protein production than cows on conventional farms (Nauta, Veerkamp, et al., 2006; Shabalina et al., 2021; Sundberg et al., 2010). For the somatic cell count (SCC) higher values
for cows on organic farms than for cows on conventional farms were found (Nauta, Veerkamp, et al., 2006; Sundberg et al., 2010).
Estimated genetic correlations for milk production traits were different between the authors. While Nauta, Veerkamp, et al. (2006) for Dutch Holsteins and Shabalina et al.
(2021) for German Holsteins estimated genetic correlations for milk and protein yield
below the threshold of 0.80 mentioned by Robertson (1959), Sundberg et al. (2010) estimated genetic correlations close to unity for milk, fat, and protein yield for Swedish Holsteins. Close to unity were the genetic correlations for milk production traits for Fleckvieh, Brown Swiss and Swedish Red cows too (Pfeiffer et al., 2016; Schmid et al., 2021;
Simianer et al., 2007; Sundberg et al., 2010). For SCC the reported genetic correlations
for Holsteins were close to unity (Nauta, Veerkamp, et al., 2006; Sundberg et al., 2010).
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3.1

Material and methods
Data

The data for this analysis was based on the Skal registration system (Skal Biocontrole,
2022). Skal Biocontrole is an independent organisation for the supervision of the entire
organic chain in the Netherlands. Organic dairy farms for the analysis were selected based
on address matches of the Skal dataset in the database of CRV B.V. (Netherlands). The
organic dairy farms that were present in the CRV B.V. (Netherlands) database and in the
milk recording program were filtered to have at least 50 cows with more than 80% Holstein Friesian cows in their herds. Conventional farms included in this study were selected
from the same region as the organic farms, based on postal code. For each organic farm
three conventional farms were selected. There was no information available when farms
switched to organic, it is only known that they produced organically at the time the Skal
database was downloaded. Data was edited that it only contained records from first parity
cows with a calving date between 2016 and 2021 and a calving age between 17 and 36
months. Furthermore, cows should be to at least 60% from the Holstein Friesian breed.
The dataset contained information on 305-day milk production and somatic cell count
(SCC) records. First parity records were selected when lactations were longer than 150
days. SCC in the dataset was given as an average of the test days and was included when
it was based on at least five and no more than twelve test days. Not all cows with milk
production records had information for SCC. Additional restrictions were that herd-yearseason classes should have at least four observations and each sire should have minimum
four daughters in the parity 1 dataset. After these edits, for milk production traits 96,527
records from 852 conventional farms and 15,071 records from 224 organic farms were
available. For SCC 92,052 conventional records and 14,270 organic records were left for
the final analysis. Pedigree information for each cow with a record was traced back six
generations and included in the pedigree file. In the dataset large differences were found
not only among organic farms but also among conventional farms. In order to study the
differences between more extreme production circumstances 50% of the conventional
farms with the highest average milk production and the 50% of the organic farms with
the lowest average milk production were selected. For this analysis of the extreme dataset
57,351 records from 426 conventional farms and 5,708 records from 112 organic farms
were left for milk production. For the SCC 55,666 conventional records and 5,184 organic
records were available. The pedigree was also traced back six generations.
5

3.2

Statistical analyses

Data filtering was performed with R-Studio (RStudio Team, 2021) and ASReml (Gilmour
et al., 2021) was used to estimate variance and covariance components.
Bivariate analyses were performed to calculate genetic correlations between organic and
conventional farms. In this analysis milk production traits and SCC measured on organic
and conventional farms are considered as a different trait.
The model used was:
𝑌

= 𝜇 + 𝐻𝑌𝑆 + 𝐵𝑟𝑒𝑒𝑑 + 𝐿𝐿 + 𝛽 ∙ 𝐴𝐹𝐶

Where 𝑌

+ 𝐴𝑛𝑖𝑚𝑎𝑙

+ 𝑒

= 305-day milk production of animal ijkl; µ = overall mean; 𝐻𝑌𝑆 = fixed

class effect of herd-year-season of calving i with i = 1…2,126 for organic and
i = 1…11,938 for conventional for the parity 1 dataset and i = 1…877 for organic and
i = 1…6,666 for conventional for the extreme dataset, the HYS effect was based on four
seasons; January – March, April – June, July – September, and October – December and
for a period of six years; 2016 to 2021; 𝐵𝑟𝑒𝑒𝑑 = fixed class effect for breed with
j = 1…14, breed combinations (see appendix); 𝐿𝐿 = fixed effect of lactation length with
k = 1…6, groups were based on lactation length in days, <300 days, 300 – 350 days,
351 – 400 days, 401 – 450 days, 451 to 500 days, >500 days; 𝐴𝐹𝐶

= covariable of age

at first calving for observation ijkl (in month); 𝛽 = regression coefficient for linear regression on age at first calving in month; 𝐴𝑛𝑖𝑚𝑎𝑙
animal ijkl; and 𝑒

= random additive genetic effect of

residual.

Random animal effects were assumed to be normally distributed with mean zero and variance A𝜎 , where A is the additive genetic relationship matrix. The residual terms were
assumed to be normally distributed with mean zero and variance I𝜎 where I is an identity
matrix.
𝑟 =

Genetic
(

correlations
,

were
)

calculated

using

the

formula

.
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3.2.1 Test for significance
To test the significance of GxE between conventional and organic farming systems, a
likelihood ratio test was used. GxE is expressed as the genetic correlation between conventional and organic farming systems. Therefore, the log likelihood (LogL) of a full
model was compared with the LogL of a model in which the genetic correlation was fixed
at 0.999. A 𝑋 test with one degree of freedom was used to test for the significance of
GxE.

4
4.1

Results
Parity 1 dataset

4.1.1 Descriptive statistics for milk production traits and somatic cell count
Estimated means and their standard deviations can be found in Table 1. The analysis
showed that milk production under organic conditions was with 7,215 kg about 12%
lower than under conventional conditions (8,166 kg). This trend can be seen for all other
milk production traits, too. Cows on conventional farms produced an average fat yield of
349 kg based on a fat percentage value of 4.31%, whereas organic farms achieved 303 kg
fat based on 4.23% fat. Protein yield on conventional farms was on average 287 kg based
on a value of 3.52% protein in the milk. Organic farms produced milk with 3.45% protein
which resulted in a total production of 249 kg protein. For the somatic cell count (SCC)
cows on organic farms are found to have milk with 91,000 cells which is higher than cows
on conventional farms with 83,000 cells. Age at first calving and lactation length did not
differ between the two farm types.
Table 2 shows the number of bulls which had offspring on conventional or organic farms
as well as the number of bulls that had offspring in both farm environments. The bulls
that had offspring on conventional as well as on organic farms are relevant for estimating
the genetic connection between the two farming systems.
In the dataset a crossbred is defined as an individual that was at least 60% a Holstein
Friesian cow and 40% or less from a second breed. A purebred was an individual which
parents are both from the Holstein Friesian breed. Figure 1 shows the distribution of pureand crossbred Holstein Friesian cows for each farm type. Organic farmers kept with 30%
twice as many crossbreds as conventional farmers (15%).
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Table 1 Number of herds and records as well as mean (SD) values of milk production traits and SCC of the two environmental groups in the parity 1 dataset

No. of herds
Milk production
No. of records
Milk yield, kg
Fat yield, kg
Protein yield, kg
Fat, %
Protein, %
Cell count
No. of SCC records
SCC, (/1,000)
Management
Age at first calving, month
Lactation length, days

Farm type
Conventional
Organic
852.
224
96,527
8,166 (1,463)
349 (56)
287 (48)
4.31 (0.46)
3.52 (0.21)

15,071
7,215 (1,452)
303 (58)
249 (50)
4.23 (0.45)
3.45 (0.22)

92,052
83 (151)

14,270
91 (162)

25 (2)
349 (86)

25 (3)
350 (90)

SCC = Somatic cell count

Table 2 Number of bulls with daughters in each environmental group and the number of bulls with daughters in both
environmental groups in parity 1. This gives the connection between the two production environments1

Farm type
Conventional
Organic
Conventional
2,826
1,326
Organic
1,512
1The

total number of bulls in all groups was 3,012
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100%
15%

90%

30%

80%
70%
60%
50%
85%

40%

70%

30%
20%
10%
0%
conventional
purebred HF

organic
crossbred HF

Figure 1 Distribution of pure- and crossbreds on conventional and organic farms in parity 1. Definition crossbred: ≥60%
HF and ≤40% different breed.

4.1.2 Variances and Heritabilities
The estimated phenotypic variances (𝜎 ; Table 3) were, after adjusting for the fixed effects in the model, for milk production traits higher in the conventional environment than
in the organic environment. For SCC the phenotypic variances were higher under organic
production circumstances. All estimated heritabilities were higher in the conventional environment than in the organic one. The estimated heritabilities for yield traits were different for conventional and organic production. For milk yield they were 0.45 for conventional farming and 0.37 for organic farming. For fat and protein yield the estimated
heritabilities were 0.41 and 0.37 for conventional production and 0.36 and 0.31 under
organic production conditions. Heritabilities for fat percent and SCC were similar in both
production environments.
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Table 3 Estimates of phenotypic variances (𝜎2𝑃 ), heritabilities (ℎ , SE) and genetic correlations (𝑟 , SE) of milk production traits and SCC for organic and conventional dairy herds in parity 1. Standard errors of the estimates are in
brackets.

Milk yield, kg
Fat yield, kg
Protein yield, kg
Fat, %
Protein, %
SCC

Conventional
1,232,900
1,722
1,178
0.19
0.39
21,842

𝑟

ℎ

𝜎
Organic
1,014,700
1,416
978
0.17
0.38
25,444

Conventional
0.45 (0.01)
0.41 (0.01)
0.37 (0.01)
0.69 (0.01)
0.72 (0.01)
0.04 (0.01)

Organic
0.37 (0.02)
0.36 (0.02)
0.31 (0.02)
0.67 (0.02)
0.67 (0.02)
0.03 (0.01)

0.96* (0.02)
0.96* (0.02)
0.95* (0.02)
0.99 (0.01)
0.99 (0.01)
0.96 (0.17)

SCC = Somatic cell count
* = P<0.05

4.1.3 Genetic correlations
The bivariate analysis estimated a genetic correlation between conventional and organic
farming systems for each trait. The genetic correlation was for all analysed traits close to
unity (Table 3). The likelihood ratio test showed that, from a genetic point of view milk
yield, fat yield and protein yield under organic and conventional conditions were significantly different from one (P < 0.05). For fat and protein percent as well as SCC the likelihood test was not significant.

4.2

Extreme dataset

In the extreme dataset the differences between the 50% of the conventional farms with
the highest average milk production and the 50% of the organic farms with the lowest
average milk production increased compared with the parity 1 dataset (Table 4). The difference between the conventional farms in the two datasets is smaller than the difference
between the organic farms in the parity 1 and extreme dataset. Organic milk yield is approximately 1,000 kg lower on the 50% of the organic farms with the lowest average milk
production compared to the organic farms in the parity 1 dataset. The fat percentage value
is higher for the organic farms in the extreme dataset compared to the organic farms of
the parity 1 dataset and is therefore similar to the fat percentage value of conventional
farms in the extreme dataset. SCC is similar for the conventional farms in both datasets,
whereas the average SCC for the organic farms in the extreme dataset increased up to
94,000 cells.
The use of sires in both farm environments as well as the overlapping use of sires across
the two farm types is shown in Table 5.
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The use of crossbred Holstein Friesians increased on organic farms when filtering for the
50% of the organic farms with the lowest average milk production compared to the organic farms in the parity 1 dataset (Figure 2).
Estimated phenotypic variances, heritabilities and genetic correlations are shown in
Table 6. The estimated heritabilities for the conventional production environment are
similar between the two datasets. Organic heritabilities are comparable between the datasets as well except for milk yield and protein percent. Here the heritabilities are with
0.33 for organic milk yield and 0.61 for organic protein percent lower in the extreme
dataset compared to the parity 1 dataset.
The estimated genetic correlations in the extreme dataset for milk, fat and protein yield
ranged from 0.84 to 0.89 and are therefore lower as in the parity 1 dataset. For fat and
protein percent the genetic correlations were close to unity. A relatively low genetic correlation (0.68) was found for SCC but with a high standard error. The likelihood test
showed that milk, fat, and protein yield as well as fat percent were significantly different
from one (P<0.05).
Table 4 Number of herds and records as well as mean (SD) values of milk production traits and SCC of the two environmental groups in the extreme dataset

No. of herds
Milk production
No. of records
Milk yield, kg
Fat yield, kg
Protein yield, kg
Fat, %
Protein, %
Cell count
No. of SCC records
SCC, (/1,000)
Management
Age at first calving, month
Lactation length, days

Conventional
462

Farm type
Organic
112

57,351
8,701 (1,406)
369 (52)
305 (44.77)
4.27 (0.46)
3.52 (0.21)

5,708
6,257 (1,106)
264 (46)
214 (37)
4.25 (0.43)
3.43 (0.21)

55,666
82 (148)

5,184
94 (160)

24 (2)
350 (86)

25 (3)
349 (91)

SCC = Somatic cell count
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Table 5 Number of bulls with daughters in each environmental group and the number of bulls with daughters in both
environmental groups in the extreme dataset. This gives the connection between the two production environments1

Farm type
Conventional
Organic
Conventional
2,371
737
Organic
901
1The

total number of bulls in all groups was 2,535

100%
90%

10%

80%

40%

70%
60%
50%
40%

90%

30%

60%

20%
10%
0%
conventional
purebred HF

organic
crossbred

Figure 2 Distribution of pure- and crossbreds on conventional and organic farms in the extreme dataset. Definition
crossbred: ≥60% HF and ≤40% different breed.

Table 6 Estimates of phenotypic variances (𝜎2𝑃 ), heritabilities (ℎ , SE) and genetic correlations (𝑟 , SE) of milk production traits and SCC for organic and conventional dairy herds for the extreme dataset. Standard errors of the estimates are in brackets.

Milk yield, kg
Fat yield, kg
Protein yield, kg
Fat, %
Protein, %
SCC

𝜎
ConvenOrganic
tional
1,378,500
716,580
1,844
1,093
1,289
697
0.19
0.16
0.039
0.035
20,949
25,059

ℎ
ConvenOrganic
tional
0.47 (0.01)
0.33 (0.04)
0.42 (0.01)
0.37 (0.04)
0.39 (0.01)
0.29 (0.04)
0.70 (0.01)
0.67 (0.04)
0.72 (0.01)
0.61 (0.04)
0.04 (0.01)
0.02 (0.03)

𝑟
0.89* (0.05)
0.84* (0.06)
0.87* (0.06)
0.94* (0.02)
0.98 (0.02)
0.68 (0.46)

SCC = Somatic cell count
* = P<0.05
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5
5.1

Discussion
Becoming an organic dairy farm

Each organic company in the Netherlands must be registered with Skal Biocontrole. To
register with Skal, farmers must develop a quality plan to ensure that the organic regulations of the EU and the Netherlands are complied. Afterwards a Skal inspector carries out
an admission investigation to check if the conditions for organic production are met. After
the registration the switching period begins. For milk production the switching period is
six months, when cows are sold for meat production it is twelve months (Regulation (EU)
2018/848 of the European Parliament and of the Council, 2018). In the conversion period
all organic production conditions must be fulfilled but the farm is not yet certified as
organic. Farms will get their organic certificate after a positive assessment after the entire
conversion period. All farms registered with Skal are visited by an inspector at least once
a calendar year (entire section: Skal Biocontrole, 2022). More detailed rules for organic
dairy farms can be found in the appendix.

5.2

Performance of milk production and somatic cell count

Milk, fat, and protein yield in this study were generally lower on organic farms than on
conventional farms. These results agree with findings in previous studies (Nauta, Veerkamp, et al., 2006; Orjales et al., 2019; Rodríguez-Bermúdez et al., 2017; Shabalina et
al., 2021; Sundberg et al., 2010). Lower milk yield on organic farms could be related to
reduced concentrate feeding on organic farms because higher levels of concentrates increase milk yield (Mayne & Gordon, 1984). The use of concentrates on organic farms is
restricted due to the European Union regulations for organic farming that state that at least
60% of the diet should be forage. Furthermore, all feed components must be produced
organically and 60% of them must come from the own farm. Besides no GMO (genetically modified organism) feed is allowed. (Regulation (EU) 2018/848 of the European
Parliament and of the Council, 2018). Additionally organic concentrates are more expensive than conventional ones (Berentsen et al., 2012).
Results for protein and fat percentage were divergent between studies. In this study and
in the study of Nauta, Veerkamp, et al. (2006) cows on Dutch organic farms tended to
have lower values for fat and protein percent than cows on conventional farms. In Canada
and Sweden higher fat and protein percentages for organic farms were reported for Holsteins (Rozzi et al., 2007; Sundberg et al., 2010). In Northern Spain organic Holstein cows
13

are found to have higher fat percent values and slightly lower protein percent values compared to conventional farms (Orjales et al., 2019; Rodríguez-Bermúdez et al., 2017). In
Germany Shabalina et al. (2021) could not find differences between conventional and
organic production systems for fat percent. Differences for fat and protein percent might
occur due to various feeding strategies in the different countries because similar results,
lower fat, and protein percent on organic farms in the Netherlands, were found in this
study and the one of Nauta, Veerkamp, et al. (2006).
The average somatic cell count (SCC) was higher for cows on organic farms than on
conventional farms. Higher SCC for organic cows was reported in previous studies too
(Nauta, Veerkamp, et al., 2006; Orjales et al., 2016; Rodríguez-Bermúdez et al., 2017;
Sundberg et al., 2010). Higher values for the SCC for organic cows can occur due to the
restrictions for the use of veterinarian drugs, including antibiotics, which make udder
health more challenging on organic farms (Duval et al., 2020; Regulation (EU) 2018/848
of the European Parliament and of the Council, 2018). Before using antibiotics for organic animals, alternative methods like natural and homeopathic medicines should be
tried (Skal Biocontrole, 2022). When using regular therapies maximum three treatments
per animal per year are allowed and preventative use of regular medicine is not allowed
(Regulation (EU) 2018/848 of the European Parliament and of the Council, 2018). Furthermore, cows dried-off without antibiotics and organic cows tended to have a higher
SCC during the first month of lactation (Lavery et al., 2022; Müller & Sauerwein, 2010).
Additionally, the use of alternative treatments instead of antibiotics increased SCC on
organic dairy farms in Spain (Orjales et al., 2016, 2017). Drying-off on conventional
farms is typically done with antibiotics to prevent mastitis (Krömker & Leimbach, 2017).
On organic farms only selective dry-off therapy is allowed because preventive use of
antibiotics is not permitted (Orjales et al., 2017; Skal Biocontrole, 2022). One possibility
for the further increase of the SCC on organic farms in the extreme dataset could be the
higher use of crossbreds because crossbred animals tend to have a worser udder health
compared to their purebred parents (de Haas et al., 2013). Besides, cows with lower milk
production are found to have a higher SCC (Orjales et al., 2017).
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5.3

Heritabilities

Heritabilities for conventional production found in this study were comparable to the results for conventional farms of previous GxE studies (Nauta et al., 2006; Shabalina et al.,
2021) as well as the estimates found by CRV B.V. (2020). The estimated heritabilities
were lower for all analysed traits for the organic production environment. Simianer et al.
(2007), Sundberg et al. (2010) and Shabalina et al. (2021) reported lower heritabilities for
production traits for organic production systems as well, while Nauta, Veerkamp, et al.
(2006) estimated higher heritabilities for organic production systems than for conventional ones. The higher organic heritabilities found by Nauta, Veerkamp, et al. (2006) can
be explained by the lower residual variance for organic farms, because in general lowproduction systems for dairy production are found to have smaller heritabilities for production traits (Berry et al., 2003). Organic farming can be considered as a low-input system when compared with conventional farming because less concentrates are fed and
grazing is required (Nauta, Veerkamp, et al., 2006; Orjales et al., 2017). Lower heritabilities for organic production systems are also reported for fertility traits compared to conventional production (Liu et al., 2019; Simianer et al., 2007). When looking at other species, for example pigs, organic and conventional heritabilities are comparable for production traits (Klein et al., 2018; Wallenbeck et al., 2009).

5.4

Use of purebred Holstein Friesians and crossbreds

Figure 1 shows that on organic farms more crossbred animals were used than on conventional farms. This trend increased when organic farms were filtered at the lower end of
organic herd milk production (Figure 2). Crossbreeding was more common on organic
dairy farms than on conventional farms in Canada, Denmark, and the United States too
(Rozzi et al., 2007; Slagboom et al., 2016; Sorge et al., 2016). Reasons for using crossbreds could be that organic dairy farming is more heterogenous than conventional dairy
farming and one type of cow would not fit the various organic farm structures (RodríguezBermúdez et al., 2019). Besides, regarding to the Regulation (EU) 2018/848 of the European Parliament and of the Council (2018) farmers should choose animals that are suited
for organic production and native breeds should be preferred. Using crossbreds might be
the solution for some organic farmers to comply with this regulation (Nauta et al., 2001).
Furthermore, crossbreds are advantageous in case of fertility and survival (Clasen et al.,
2017, 2020; de Haas et al., 2013). Crossbreds are also found to have a better feed
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efficiency compared to purebred Holstein Friesian cows (Shonka-Martin et al., 2019).
However, the predominant breed at Dutch, Spanish and Canadian organic dairy farms is
the Holstein Friesian breed (Nauta, Baars, et al., 2006; Orjales et al., 2019; Rozzi et al.,
2007). This could be explained because with respect to milk production organic Holstein
Friesian cows have a higher milk yield than crossbreds but with lower fat and protein
yield (de Haas et al., 2013; Rodríguez-Bermúdez et al., 2017, 2020). Additionally, crossbreds are less studied than Holstein cows under organic production conditions and therefore more information for Holstein cows is available (Rodríguez-Bermúdez et al., 2017,
2019). Besides farmers need to decide, what to do with crossbreds after the first cross,
because the performance of crossbreds in following generations is worser (Quénon &
Magne, 2021). This is because heterosis from the first-generation cross is not fully contributed to the following generations (Buckley et al., 2014).

5.5

Genetic correlations

All estimated genetic correlations were close to unity and therefore correspondent with
previous studies. Genetic correlations close to unity for production traits and SCC were
also reported by Sundberg et al. (2010), Pfeiffer et al. (2016), Simianer et al. (2007) and
Schmid et al. (2021) for Holstein, Swedish Red, Fleckvieh and Brown Swiss dairy cows.
Nauta, Veerkamp, et al. (2006) and Shabalina et al. (2021) estimated lower genetic correlations for Holstein cows with values below the threshold of 0.80 for milk and protein
yield indicating relevant GxE interaction. However, the studies of Nauta, Veerkamp, et
al. (2006) and Shabalina et al. (2021) were performed with less organic animals than the
other studies. This might be a reason for the differences in the found genetic correlations.
Sundberg et al. (2010) could not find an impact of increasing lactation number on the
genetic correlations for milk production traits for Swedish Holsteins and Swedish Red
cows. Because all found genetic correlations were close to unity and estimated standard
errors were low there is no evidence for a separate breeding program for organic production when only looking at production traits of first parity cows (Mulder & Bijma, 2005).
With such high genetic correlations, the highest genetic gain in the organic environment
can be achieved when ignoring GxE and selecting under conventional production conditions (Slagboom et al., 2021). Considering fertility traits and here increasing lactation
number, genetic correlations below the threshold of 0.80 were found indicating that the
traits cannot longer be seen as genetic identical anymore (Liu et al., 2019; Simianer et al.,
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2007; Sundberg et al., 2010; Zhang et al., 2019). This indicates that when thinking of an
sperate organic breeding program all relevant traits for the breeding goal should be taken
into account and not only production traits. In addition, for conventional and organic
farmers the same breeding traits are important with slightly different ranking (Ahlman et
al., 2014). In the studies of Ahlman et al. (2014), Nauta et al. (2009) and Rozzi et al.
(2007) organic farmers put more emphasis on functional traits, whereas in the study of
Slagboom et al. (2016) organic farmers focused on production traits. Regarding to
Slagboom et al. (2016) farmers want to improve traits where they see potential for improvement on their farms and because organic farmers have less fertility problems, they
focus on production traits. The most important traits for organic farmers are included in
the current Swedish breeding gaol (Ahlman et al., 2014). Looking at other species no
evidence for a separate organic breeding program was found for pigs as well (Klein et al.,
2018; Wallenbeck et al., 2009).
Due to the overlapping use of sires in both environments it would be possible to estimate
two different breeding values for popular sires, one for each production environment. for
production traits this would not make sense, since genetic correlations were high, however this might be an opportunity for fertility and health traits. This requires further research to investigate the genetic correlations of fertility traits between Dutch organic and
conventional dairy herds. Own organic breeding values could be a chance to support organic farmers with their sire selection and is already done in Austria for Fleckvieh, Brown
Swiss and Gelbvieh cattle (Steinwidder & Krogmeier, 2014).
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6

Conclusion

Organic farming had a lower production than conventional farming. Besides heritabilities
tended to be higher under conventional production circumstances than under organic
ones. Thus, selection should take place under conventional production circumstances to
easily increase genetic progress. The found genetic correlations give no evidence for genotype by environment interaction because all found genetic correlations were close to
unity and therefore not below the threshold of 0.80. The results gave no reason to set up
an own breeding program for organic dairy cows with respect to production traits. Besides, most traits important for organic farmers are included in the conventional breeding
goals. With respect to milk production traits Holstein Friesian cows are suited as well for
organic production systems as for conventional systems and no advantage of crossbred
cows was found. The high use of crossbred animals on the organic farms is in contrast
with the high genetic correlations for production traits. This indicates that farmers try to
find a cow that better fits their production system. As mentioned above the advantage of
the crossbreds could be related to fertility and survival. This was not studies during this
research and therefore further research needs to be done for GxE interaction for fertility
and health traits to check if the high use of crossbreds on organic farms is connected to
these traits.
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Appendix
Restrictions and regulations of organic farming
Appendix 1 restrictions for organic dairy farmers based on the information of (Skal Biocontrole, 2022). More detailed
information can be found in Regulation (EU) 2018/848 of the European Parliament and of the Council (2018)

Breed

Diet











Silage (additives and 
auxiliary materials)

Calf milk







Health care




Veterinary medicines






Regular treatments





Animals must be suited for local production environments
Native breeds should be preferred
Select breeds without related health welfare issues
Only organic feed
Min. 60% organic feed from own farm or from EU
Min. 60% roughage
GMO free
Feed does not contain antibiotics, medicines, growth promoters
non-organic ingredients, additives and excipients are
listed on Annex III of EU Regulation No. 2021/1165.
permitted resources are listed in Annex III, Part B, under
1e of Regulation 2021/1165 to be allowed
products of agricultural origin (molasses, whey, sugar,
sugar beet pulp, flour from grains) must be organic
suckling period at least 90 days
natural colostrum must be organic
calves receive preferably mother´s milk
milk powder must be organic
milk powder contains no chemically synthesized or vegetable ingredients
choose strong cattle breeds that are suitable for organic
farming
strengthen natural resistance of animal’s trough good nutrition, care and living conditions
natural and homeopathic remedies are preferred
using regular medicine or antibiotics: withdrawal period
that applies to conventional animal’s doubles
min. waiting period is 48h (also for medicine without waiting period)
preventive use of regular medicines and antibiotics is not
allowed
Max. 3 times a year
Animals that live less than one year max. 1 regular treatment
More treatments than allowed: animal and its products are
not organic anymore
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Hormones






Dehorning

Artificial reproduction 

Breeding bull



Barn












Pasture access





series of treatments for one disease or condition is one
treatment
start a new treatment for the same condition, this counts as
a second treatment
series of treatments for different, but related syndromes
count as one treatment
Treatments that do not count:
o Treatments required by law
o Vaccinations
o Treatments against parasites
Register use of veterinary medicines
No use of hormones for growth control, production, fertility, or reproduction
Allowed as treatment as a prescription of the vet
Example: letting go of afterbirth
Only allowed as exception
Artificial insemination is allowed
Embryo transfer and sexed semen is not allowed
Both, organic and conventional bulls can be bought
Animals must be kept organic
Conversion period: 1 year
Stables are designed that the animals can behave as naturally as possible
Floors are flat but not slippery.
There is sufficient daylight.
There is natural ventilation.
50% of the floor area is closed.
There are sufficient clean and dry lying areas, which are
sufficiently sprinkled with bedding made of natural material.
Use of common straw is allowed. If straw is also used for
roughage, all straw must be organic.
Animals are not detained
Calves older than a week are kept in groups
Minimum area:
o Dairy cow: 6 m²
o Breeding bull: 10 m²
Animals can always go outside
Keeping indoors if weather is too bad, soil is too bad, or
animals are sick
Avoid overgrazing
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Model effects
Appendix 2 Estimates of fixed class effects of breed group and breed names for the parity 1 dataset. Breed group
stands for j=1…14. Group 14 is a combined group because there were <100 records from this breed combinations.

Breed
group

Breed 1

Breed 2

Farm type

1

Holstein
Friesian

Holstein Friesian

2

“

Unknown

3

“

Brown Swiss

4

“

Jersey

5

“

Fleckvieh

6

“

7

“

8

“

Montebeliarde

9

“

Groninger
White Head

10

“

Deep Red

11

“

Norwegian
Red

12

“

Swedish Red

13

“

Belgium Blue

Conventional
Organic
Conventional
Organic
Conventional
Organic
Conventional
Organic
Conventional
Organic
Conventional
Organic
Conventional
Organic
Conventional
Organic
Conventional
Organic
Conventional
Organic
Conventional
Organic
Conventional
Organic
Conventional
Organic

“
“
“
“
“
“

Angus
Ayrshire
Chianina
Chillingham
Hereford
Limousin

“

Dutch Belted

14

Dutch
Friesian
Meuse-RhineYssel

“
“

Maine
Anjou
Normande
Pinzgauer

“

Improved Red

“

Conventional
Organic

Effect (SE)
Parity 1 dataset Extreme dataset
0 (0)
0 (0)
0 (0)
0 (0)
0.3178 (15.95)
-5.47 (22.99)
-9.143 (33.82)
-83.72 (48.46)
-15.81 (39.46)
-13.16 (52.90)
-21.96 (58.35)
45.44 (69.53)
94.63(104.60)
71.75 (147.40)
-332.40 (140.10)
-235.70 (153.9)
99.56 (49.82)
148.70 (77.15)
40.44 (65.94)
86.40 (80.72)
-43.93 (46.34)
-33.43 (74.59)
-121.10 (94.30) -204.10 (111.30)
-126.60 (28.49)
-199.90 (48.11)
-53.92 (44.13)
-62.66 (47.22)
27.00 (44.15)
63.84 (66.63)
98.86 (63.18)
-15.21 (91.18)
-362.80 (103.90) -442.30 (175.80)
-312.60 (106.20) -337.00 (102.30)
-200.00 (172.00) -227.40 (237.80)
-78.17 (153.30) -345.60 (223.30)
45.07 (76.83)
-45.24 (101.20)
81.35 (118.50)
-14.53 (132.00)
-27.30 (59.23)
-68.27 (100.40)
0.8184 (80.18)
15.17 (86.71)
-221,00 (134.80) -445.60 (213.40)
-217.50 (187.40) -148.50 (220.40)

-46.60 (159.10)
-70.37 (253.00)

-12.74 (221.10)
-544.50 (403.60)
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Appendix 3 Estimates of fixed class effects of lactation length for the parity 1 dataset. Lactation group stands for
k=1…6.

Lactation
group
1

>300 days

2

300 – 350 days

3

351 – 400 days

4

401 – 450 days

5

451 – 500 days

6

>500 days

Limits

Farm type
Conventional
Organic
Conventional
Organic
Conventional
Organic
Conventional
Organic
Conventional
Organic
Conventional
Organic

Effect (SE)
Parity 1 dataset Extreme dataset
0 (0)
0 (0)
0 (0)
0 (0)
354.40 (9.97)
390.90 (13.82)
286.50 (23.41)
220.20 (32.58)
563.20 (11.89)
634.00 (16.36)
501.40 (27.66)
400.10 (38.71)
644.10 (14.80)
706.70 (20.19)
594.40 (34.47)
555.20 (48.39)
738.90 (19.70)
833.00 (25.94)
646.00 (43.93)
535.50 (63.22)
867.40 (18.04)
952.40 (24.50)
876.50 (40.65)
701.40 (59.93)

Appendix 4 Covariable for age at first calving for the parity 1 dataset

Farm type

Effect (SE)
Parity 1 dataset Extreme dataset

Conventional

76.85 (1.86)

77.91 (2.58)

Organic

83.74 (4.05)

75.27 (5.64)

Original dataset
Appendix 5 Number of records after Filtering

Records
Conventional
Organic
Milk production
Original dataset
Parity 1 Filter

1,251,046
366,841

285,307
83,642

Parity 1 dataset
Extreme dataset
Cell count
Original dataset
Parity 1 Filter

96,527
57,351

15,071
5,708

1,019,396
324,323

213,620
67,951

Parity 1 dataset
Extreme dataset

92,059
55,666

14,270
5,184
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Data management plan
Data management plan belonging to the MSc thesis performed at the Animal Breeding
and Genomics Group by [Julia Hinken], completed in [July 2022]

Agreements
1. The data used in this thesis project have been described in this document and
have been stored in a systematic manner (at least in separate folders for all sections as described below). Data includes all data as mentioned in the results section of your report.
2. The data management plan has been discussed with the MSc thesis supervisor and
he/she has agreed on the location for data storage.
3. In case of confidentiality, contact details of the responsible person from the company/institution that has ownership of the data are mentioned in this document.
4. The data can be found through Henk Bovenhuis

Section A - Raw data
File names

Received from

On date

animals.csvrenumd

Henk Bovenhuis

19.04.2022

calfdates.csvrenumd

“

“

celgetal.csvrenumd

“

“

lactations.csvrenumd

“

“

pedigree.csvrenumd

“

“

ubns_and_type.datrenumd

“

“

vruchtbarheid.csvrenumd

“

“

Format bestanden Bio Landbouw

“

“

New_data_description

“

“

Comments:
”Format bestanden Bio Landbouw“ and “New_data_description” are documents that include information on how the data was selected and explanation of the row names in the
raw data files.
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Section B – Data analysis (e.g. script files)
Mention here the (script) files you used for the analysis of your data
File names

Created in (month, year) Remarks

Thesis – Julia Hinken

July 2022

R-Script

ASReml_script

June 2022

ASReml command file –
parity 1 dataset

ASReml_script_correlation_fix

“

ASReml command file –
parity 1 dataset, for fixed
correlation

ASReml_script - extreme

“

ASReml command file –
extreme dataset

ASReml_script_correlation_fix - extreme

“

ASReml command file –
extreme dataset, for fixed
correlation

final

“

ASReml Data file – parity
1 dataset

final_full

“

ASReml pedigree file

final_top

“

ASReml data file – extreme dataset

Comments:
Three dots in ASReml files need to be replaced by Trait name or start value for variance
and covariance estimation

Section C – Final data
All data files that were used for the Results section of your report.
File names

Created in (month, Remarks
year)

1_fixed effect extreme Dataset

June 2022

Fixed effects ASReml Output extreme Dataset

1_fixed effects parity 1 dataset

“

Fixed effects ASReml Output parity 1 dataset

H2 fat kg

“

ASReml Output file parity
1 dataset

H2 fat percent

“

“

H2 milk

“

“

H2 protein kg

“

“

H2 protein percent

“

“
29

H2 SCC

“

“

Results fat kg

“

“

Results fat percent

“

“

Results milk

“

“

Results protein kg

“

“

Results protein percent

“

“

Results SCC

“

“

Corr_fat_kg

“

ASReml Output file fixed
correlation Parity 1 dataset

Corr_fat_percent

“

“

Corr_milk

“

“

Corr_protein_kg

“

“

Corr_protein_percent

“

“

Corr_SCC

“

“

H2 fat kg – extreme

“

ASReml Output file extreme dataset

H2 fat percent – extreme

“

“

H2 milk – extreme

“

“

H2 protein kg – extreme

“

“

H2 protein percent – extreme

“

“

H2 SCC – extreme

“

“

Results fat kg – extreme

“

“

Results fat percent – extreme

“

“

Results milk – extreme

“

“

Results protein kg – extreme

“

“

Results protein percent – extreme

“

“

Results SCC – extreme

“

“

Corr_fat_kg – extreme

“

“

Corr_fat_percent – extreme

“

ASReml Output file fixed
correlation extreme dataset

Corr_milk – extreme

“

“

Corr_protein_kg – extreme

“

“

“

“

Corr_protein_percent
treme

–

ex-
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Corr_SCC – extreme

“

Chi Square test – extreme da- July 2022
taset

“
Chi Square test

Chi Square test – parity 1 dataset

“

Figure Pure- and Crossbreds

“

“
Graph as in report
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