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Abstract

Organic farming is believed by many to be an environmentally friendly production system
that promotes the use of local forage while strongly limiting the input of chemicals, including
allopathic treatments. As organic dairy farming has grown, farmers have realised that many
available conventional breeds of cow are not well adapted to the new situations and that
more ‘robust’ cows, able to function well in the constraining organic environment, are needed
to yield acceptable longevity and productivity. In this review paper, the current breed diversity
in organic dairy farming is analysed with the aim of identifying the types of cow that would
best fulfil organic breeding goals. Unlike the conventional sector, organic dairy farming is very
heterogeneous and no single type of cow can adapt well to all scenarios. There are advantages
and disadvantages to the use of existing breeds (rustic Holstein-Friesian, other rustic breeds
and crosses), and strong genotype X environment interactions demand different strategies
for very diverse situations. Organic dairy farms producing milk for systems that recompense
milk volume would benefit from using higher milk yielding cows, and rustic Holstein-Friesian
cows may be the best option in such cases. Although most Holstein-Friesian cows are cur-
rently selected for use in conventional systems, this situation could be reversed by the imple-
mentation of an organic merit index that includes organic breeding goals. Farms producing
milk either for systems that recompense milk solids or for transformation into dairy products
would benefit from using breeds other than Holstein-Friesian or their crosses. Organic farm-
ers who focus on rural tourism, farm schools or other businesses in which marketing strategies
must be taken into account could benefit from using local breeds (when possible) or other
rustic breeds that are highly valued by consumers.

Organic agriculture emerged as a reaction to the industrialisation of agriculture and its asso-
ciated environmental and social problems (R66s et al., 2018). Organic livestock production
focuses predominantly on forage-based systems, with emphasis on improving animal health
and welfare, while reducing the use of conventional veterinary treatments, prophylactic
drugs, chemical fertilisers and pesticides (Rozzi et al, 2007; Van Diepen et al, 2007;
Ahlman et al, 2011; Horn et al.,, 2012). Together, these factors make organic systems highly
dependent on the environment, and a more holistic view of the farming system is required in
order to achieve adequate productivity and resilience (Gouttenoire et al., 2013).

In the European Union (EU), organic livestock production is considered in Council regu-
lation (EC) No 834/2007 and Commission regulation (EU) No 889/2008, which establish that
animals on organic farms should (whenever possible) have access to open air or grazing areas,
respect animal welfare, restrict the number of medical treatments, and strongly limit the use of
chemically synthesised products (Table 1). In relation to livestock, the Commission regulation
specifically states that ‘In the choice of breeds account shall be taken of the capacity of animals
to adapt to local conditions, their vitality and their resistance to disease or health problems’.
Despite these recommendations, little effort has been made to produce animals that are well
adapted to organic conditions, and most dairy farmers maintain the same livestock upon con-
verting to organic systems. In fact, with few exceptions, dairy cattle on organic farms are still
selected on the basis of information about conventional systems. Recent studies estimate that
the main challenge for sustainable organic and low-input dairy farming is to identify geno-
types that are best adapted to forage-based production systems (Peeters and Wezel, 2017).
Moreover, in the last few years both critics and proponents of organic agriculture have con-
cluded that yields in organic agriculture must increase (Ro6s et al., 2018). This increase is
necessary not only to feed a growing, more affluent global population but also so that organic
farms will become more ‘environmentally efficient’. However, breeding for higher yields has
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Table 1. Summary of EU regulations concerning organic dairy farming (Commission Regulation EC, 2008)

Animal management

« Access to open air or grazing areas.

« Stocking density: maximum 2 dairy cows/ha (equivalent to 170 kg N/ha/year).

« Animal-health management mainly based on prevention of disease.
« Sufficient space for natural behaviour.

Breed choice

« Selected to prevent diseases/health problems associated with intensive production.

« Preference to indigenous breeds and strains.

« Breed choice should take account the capacity to adapt to local conditions, vitality and resistance to disease.

Animal welfare

« EU welfare standards.
« Mutilations (dehorning) banned.

« Minimum suffering (adequate anaesthesia and/or analgesia, qualified personnel).

Animal nutrition

well-defined conditions.

Maximum use of grazing pasturage.

No synthetic pesticides or fertilisers.
No genetically modified organisms.

Feed in accordance with the rules of organic farming, by taking into account the physiological needs. Minerals, trace elements and vitamins under

At least 50% of the feed from the farm (if this not possible, from the same region).

At least 60% of the dry matter in daily rations consist of roughage, fresh or dried fodder, or silage.
Calves fed on maternal milk (preference to natural milk) for a minimum of 3 months.

Veterinary management

« Animal-health management should be based on disease prevention.

« Preventive use of chemically synthesised allopathic medicinal products (including antibiotics) is not permitted.
« The aforementioned allopathic medicinal products are allowed when the use of phytotherapeutic, homeopathic and other products is not appropriate.

« Use of growth promoting agents and hormones is prohibited.

the risk of producing less robust animals with potential health
problems, including low fertility (R66s et al., 2018).

It is well known that during the last half of the 20™ century,
genetic selection of dairy cattle mainly focused on the
Holstein-Friesian breed to improve milk production. The result-
ing cow can be considered a high maintenance animal for use
in extremely standardised intensive systems. However, the envir-
onment in organic production systems is very different, mainly
with regard to feeding regimes and medical treatments
(Ahlman, 2010). The selection process has also resulted in reduced
reproductive efficiency, extended calving intervals, increased
health problems, increased culling rates and decreased productive
life (Bluhm, 2009), especially when these highly selected cows are
reared outside of intensive nutritional and environmental manage-
ment systems. Thus, highly productive Holstein-Friesian cattle
could show a limited capacity to adapt to the low-input diets on
organic farms, resulting in low longevity (Kolver, 2003) and pro-
ductive performance (Van Diepen et al., 2007).

In this context, as organic dairy farming has grown in Europe,
farmers have realised that the available conventional cows are not
well adapted to the new organic requirements (Nauta et al.,
2006b). In general, organic farmers demand more robust cows
(Ahlman et al., 2011), where robustness is understood as the abil-
ity to function well in the constraining organic environment
(Strandberg and Roxstrom, 2000). The preferences of organic
farmers differ from those of conventional farmers, with breeding
objectives focused on disease resistance and longevity at the
expense of milk production (Ahlman et al., 2014).
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A new approach to defining the most suitable type of cow for
organic farms is clearly needed. In this review paper, we consider
(i) the current situation of breed diversity in dairy farming, (ii) the
reasons why modern dairy cows are not adapted to pasture-based
and organic systems, (iii) which traits should be improved to pro-
duce cows suited to organic systems, (iv) the performance of dif-
ferent dairy breeds (pros/cons) in organic and pastured-based
systems worldwide, and finally (v) the direction in which selection
of breeds for organic production should be aimed.

Current breed diversity in dairy farming

With a few exceptions (see below), worldwide dairy production is
dominated by the American Holstein-Friesian breed (Oltenacu
and Broom, 2010) (Fig. 1). The breed was developed in the US
from animals imported from Northern Europe in the late
1800s, but was largely limited to North America until the early
1970s when large-scale exports began (Oltenacu and Broom,
2010). The extraordinary productive potential of American
Holstein-Friesian cows when fed high quality diets led to the
rapid development of highly specialised and technologically
intensive conventional farms, able to offer equilibrated feed in a
controlled and comfortable environment. In this favourable scen-
ario, American Holstein-Friesian genes were quickly incorporated
into the European dairy herd, thereby largely replacing the ori-
ginal Friesian breed as well as other local breeds (Brotherstone
and Goddard, 2005). The expansion of this dairy farm model,
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Fig. 1. Map showing the evolution and current situation of Holstein Friesian worldwide. Data source http://www.whff.info/documentation/statistics.php.

i.e. American Holstein-Friesian cows under intensive farming,
lead to a large increase in milk production.

Although nutrition and management have helped to improve
American Holstein-Friesian milk production, the dramatic
increase in yield per cow was mainly due to the rapid progress
in genetics (Brotherstone and Goddard, 2005; Oltenacu and
Broom, 2010). It has been estimated that genetic selection
accounts for more than 55% of the phenotypic gains in yield traits
(Pryce and Veerkamp, 2001). This type of breeding has arisen as a
result of high selection intensity and narrow breeding objectives
aimed at increasing productivity, and the potential to increase
efficiency by including traits that reduce input costs has been
overlooked for decades. Such traits are often referred to as func-
tional traits (i.e. animal health, udder health, longevity and repro-
ductive traits) and have been shown to be negatively correlated
with milk production (Ahlman, 2010) (Fig. 2).

Exceptions to the intensive American Holstein-Friesian product-
ive model include pasture-based systems and systems focused on
other rustic breeds such as pasture-adapted Holstein-Friesian,
crosses or local breeds. The New Zealand system is, without doubt,
the most important pasture-based system exported worldwide. It is
a low input system comparable to the organic dairy sector from a
nutritional point of view (Basset-Mens et al., 2009). Numerous exam-
ples of native breeds are found worldwide in smaller and local scale
conventional milk production systems. Within Europe, Fleckvieh
and Brown Swiss are the most common dairy breeds used in
Austria and Switzerland (Haas and Bapst, 2004). In Nordic countries
such as Sweden, Swedish Reds occur in higher proportions (45.8%)
than is usual worldwide, with other European breeds and crosses
representing 6.4% of all cattle breeds (Ahlman, 2010).
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Breed diversity in organic farming is similar to that described
above for the conventional sector. American Holstein-Friesian cat-
tle also dominate in organic dairy herds and show a similar increas-
ing trend to that observed in conventional farming systems, e.g. in
Germany (Nauta et al., 2006a), Canada (Rozzi et al., 2007) and
Spain (Rodriguez-Bermudez et al, 2016), although some countries
depart from this tendency and maintain other local breeds.

In the Netherlands, organic farms specialising in milk produc-
tion use purebred Holstein-Friesian cows (29%) and crosses with
more robust breeds (51%), such as Brown Swiss, Montbeliarde
and the dual breed Maas-Rijn-Ijssel. On multifunctional farms,
the Holstein-Friesian breed represents a small fraction (2%) of
all breeds used, with cross-bred (57%) and native Dutch breeds
(34%) (such as Maas-Rijn-Ijssel, Groninger White Face and
Dutch Friesians) predominating (Nauta et al, 2009). On
Swedish organic farms, most cows are the Swedish Red breed
(54.3%), and the proportion of Holstein-Friesian cows (35.5%)
is lower than in conventional herds (46.9%), in favour of rarer
breeds such as Jersey (1.5%), the Swedish Polled breed (1.2%)
and various crosses (7.7%) (Ahlman, 2010). In Austria and
Switzerland, local breeds (Brown Swiss and Fleckvieh) are used
in conventional systems. This also occurs in organic production
systems in Switzerland, with Brown Swiss (51.7%) and
Fleckvieh (34.6%) predominating (Haas and Bapst, 2004).

Why are dairy cow breeds not adapted to pasture-based
organic systems?

As mentioned above, European and North American dairy herds
have been selected for high milk production under intensive
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Fig. 2. Diagram showing the correlations between milk yield and functional and
health traits in dairy cows.

farming conditions. Even under optimal management conditions,
selection aimed at increasing milk yield has led to a decrease in
health and reproductive efficiency in dairy cattle worldwide, as
these traits are negatively correlated (Pryce and Veerkamp,
2001; Evans et al, 2002; Brotherstone and Goddard, 2005;
Oltenacu and Broom, 2010). The reproductive performance of
highly productive American Holstein-Friesian cows is greatly
decreased when the cows are maintained in other environments.
This has led to doubts as to whether these high input genotypes
are suitable for forage-based organic farming systems (Nauta
et al., 2006b; Horn et al., 2012), which are low input systems
that require high fertility and reproductive performance rather
than individual milk yield (Dillon et al, 2003b). High-yielding
cows partition a high proportion of energy towards milk yield
(Dillon et al., 2003a), but they are not able to achieve this without
high-quality supplements. When these cows are fed only pasture
their daily feed intake may decrease by 20% (Kolver, 2003) and
they cannot, therefore, express their genetic potential and are at
risk of suffering metabolic disorders in early lactation. As a result,
it will be difficult for such cows to adapt to low input, organic sys-
tems. Moreover, in pasture-based dairy systems, high milk yield-
ing cows display lower fertility, lower body condition and are
culled at a higher rate than cows of average genetic merit
(Rozzi et al., 2007). In pasture-based systems, such as used in
New Zealand, Holstein-Friesian cows with a high potential for
milk production also display lower survival rates, poor fertility
and body condition, so that their profitability is greatly reduced
at the end of their lifetime (Harris and Kolver, 2001).

To address the loss of performance of Holstein-Friesian in
some farming systems, the genotype x environment (GXE) inter-
action has been considered. GXE interaction can be defined as a
change in the response of genotypes to different environments
or to changes in the relative merit of genotypes in the different
environments. GxE interactions are especially important when
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animals are reared under specific environmental conditions
(such as organic production) for their potential to maintain gen-
etic diversity. When animals are genetically adapted to specific
conditions, they will be more productive and production costs
will be lower (Charlesworth and Hughes, 2000).

GxE interactions for milk production are well described for
conventional herds. Dairy producers in several countries have
expressed concern regarding the declining fertility of cows with
high proportions of Holstein-Friesian genes (Kearney et al.,
2004). Some studies indicate that the already high negative genetic
correlations between production, fertility and health in modern
dairy cows reared in intensive production environments will
increase further when cows are held in less intensive production
environments (Harris and Kolver, 2001). However, we do not
completely agree with this point of view, as organic systems
must find a type of cow that is well adapted to organic systems
(characterised by lower productive pressure), thus allowing the
breed to perform better in terms of reproduction and resistance
to local infections.

Within the organic sector, GxE interactions have been
observed in Holstein-Friesian cows bred for production traits in
the Netherlands (Nauta et al., 2006b) and for fertility traits in
Sweden (Ahlman, 2010). Due to GXE interactions, bulls selected
for use in conventional systems may not be suitable for organic
systems (Nauta et al., 2006b). If a trait such as milk yield is con-
trolled by different sets of genes in different environments, it is
possible that sire rankings will differ between systems (Pryce
et al., 1999; Ahlman, 2010). Identification of GXE interactions
is therefore one of the main challenges facing organic dairy sys-
tems, in order to prevent livestock performance from being con-
strained by the environment. Identification of GXE interactions
should be considered positively to enable organically reared
cows to express their productive performance in an environment
where animal welfare is given particular importance under low
productive pressure.

Which traits should be improved?

The search for the ideal dairy cow is not only of concern in
organic farming systems. Producers worldwide have recognised
that profitability does not necessarily depend on high milk pro-
duction, especially as the cost of maintaining a dairy herd con-
tinues to rise (Bluhm, 2009). Farmers who run low input
systems generally prefer more robust animals that maintain high
yields but suffer few health problems (Nauta, 2001). Studies in
New Zealand (Harris and Winkleman, 2000) and Ireland
(Dillon et al., 2003a, 2003b), where dairy production is based
on pasture, have indicated that the most profitable cows for
these environments are different from those selected under a
high-concentrate regime.

Milk production is not the only trait that must be considered.
Although information is scarce, organic farmers questioned about
which traits they would prioritise emphasised longevity, roughage
intake and disease resistance, especially resistance to mastitis and
parasites, even at the expense of milk production (Ahlman et al.,
2014). Furthermore, fertility, strong feet and legs, high milk fat
and protein yield, low somatic cell count (SCC), feed intake
and feed conversion are also important parameters (Haas and
Bapst, 2004; Rodriguez-Bermudez et al., 2016).

In cattle production, longevity has been considered to reflect
the capacity of a cow to avoid being culled due to low production,
low fertility or illness (Vollema and Groen, 1996). While cattle
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can potentially live for 20 years or longer, few dairy cattle live
longer than 6 years on most modern dairy farms (Rushen and
Passillé, 2013). The decline in longevity in dairy farming generally
results from involuntary culling. This clearly reduces the profit-
ability of dairy farms and does not satisfy the aims of sustainable
dairy production (Ahlman et al, 2011; Rushen and Passillé,
2013). Dairy cow longevity, also understood as durability with
acceptable production, is especially important in organic produc-
tion (Ahlman et al, 2011; Slagboom et al, 2016). As with the
other aspects considered here, studies evaluating longevity and
the causes of culling in organic systems are scarce. In a survey car-
ried out in Ontario (Canada), infertility was found to be the prin-
cipal reason for culling in organic systems, followed by mastitis
and foot problems, even though owners of less productive farms
also mentioned low productivity (Rozzi et al., 2007). Farmers
from both the most and least productive organic farms reported
that the age of the animal was a more important reason for culling
than type of cow, injury or temperament. Within Europe, similar
findings were obtained in a study carried out in Sweden (Ahlman,
2010; Ahlman et al., 2011), with the main reasons for culling in
organic herds being poor udder health, followed by low fertility,
low production and foot problems. By contrast, a recent study
in organic dairy farms in Northern Spain (Rodriguez-Bermudez
et al., 2016) found that the age of animal was the main reason
for culling (73.2%), distantly followed by infertility (14.3%), mas-
titis (10.7%) and laminitis (1.8%). These findings were attributed
to farmers not being able to afford to cull animals with subclinical
pathologies, as indicated by a higher culling rate than replacement
rate. This has led to farmers being dissatisfied with the cows avail-
able for organic production systems.

Organic farmers may have other priorities in addition to lon-
gevity when choosing the most suitable cows for their farms.
While some organic farmers continued to specialise, many others
have transformed their farms into multifunctional businesses pro-
ducing cheese and yogurt, providing farm gate shops (selling milk
and meat products) and promoting or involving nature develop-
ment and conservation, crop production, care farming, eco-
tourism and/or recreation (Nauta et al, 2009). Such differences
in farming strategies may imply different demands regarding
breed characteristics (Van Diepen et al., 2007). On multifunc-
tional farms, for example, characteristics other than milk produc-
tion may be important. Jersey cow milk contains more fat and
protein than Holstein-Friesian milk, leading to higher yields of
cheese per unit of standardised milk, with faster formation rates
(Auldist et al., 2004). Other characteristic that farmers in multi-
functional systems value is the capacity of a breed to produce
meat of sufficient quality to be sold as a co-product (Van
Diepen et al., 2007; Nauta et al., 2009), as with dual purpose
breeds such as Meuse Rhine Yssel, Normande, Fleckvieh,
Milking Shorthorn, Brown Swiss and Montbeliarde. This is a
good way of obtaining profit from male calves born on the
farms (Van Diepen et al., 2007), as well as from heifers/cows
that must be culled (for reasons other than disease). Using local
and rare breeds can also serve as a marketing tool and can help
attract farm visitors (Van der Ploeg, 2003). Moreover, consumers
may equate their favourite product with a specific (local) breed.
Indeed, taking consumers’ opinions about breed protection into
account may be useful, as consumers may associate some breeds
with what they expect to find on organic farms (local or trad-
itional breeds) and may be willing to pay a premium for this.
In fact, 41% of cattle reared on multifunctional farms in
Netherlands are local breeds, because these can be presented to
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society and consumers as having a clear and distinct organic iden-
tity (Nauta et al., 2009).

Performance of different breeds in organic and
pastured-based systems worldwide: the pros and cons

The identification of breeds that are best suited to organic produc-
tion is a subject of much debate (Nauta et al., 2009). According to
Van Diepen et al. (2007), breeds or strains of animals should be
selected to avoid specific diseases or health problems associated
with intensive production. The main concerns are related to the
ability of highly productive breeds to adapt to organic environ-
ments, characterised by lower energy and protein intake and lim-
ited use of antibiotics. Sustainable organic animal production
should also be adjusted to local conditions, and different types
of animals may be required for different production situations
(Rozzi et al., 2007).

It is almost impossible at present to find animals that have
been bred specifically for organic production systems, and it has
therefore been suggested that there is a vicious circle regarding
animal breeding. Farmers do not know what type of animal
they need and take refuge in ‘tried and trusted’ conventional
breeds. Organic dairy farmers express similar preferences to
those expressed by conventional farmers regarding breeding
goals and the various aspects of production, conformation and
functionality of animals (Slagboom et al., 2016). By contrast,
their actual choices and expressed preferences regarding breeds
or cross-breeds are quite varied, unlike conventional farmers
who generally agree that Holstein-Friesian cows are the best.
This difference can be explained by the fact that organic dairy
farming is a young, developing sector and the search for suitable
breeds of cattle is at an early stage. There is also a lack of good
information about the qualities and performance of breeds and
cross-breeds for organic production. In this context, many
organic farmers are experimenting with both pure Holstein-
Friesian cows inherited from the conventional sector and crosses
between these and other breeds, although very little information is
available about the resulting cross-breeds. The use of rustic
Holstein-Friesian cows is even less well explored. Table 2 presents
a summary of pros and cons for different breeds or types of cattle.

Pros and cons of pure-bred cattle other than
Holstein-Friesian

It is widely accepted that local breeds are more robust and genet-
ically better adapted to their environment than Holstein-Friesian
cows (Van Diepen et al., 2007). Local breeds have been suggested
to suit organic production and to be important for retaining gen-
etic diversity (Ahlman, 2010). They adapt well to organic systems
because they utilise lower quality feed, are more resilient to cli-
matic stress and are more resistant to local parasites and diseases
than Holstein-Friesian cows. Use of local breeds also preserves the
genetic variance of species. Such breeds can be saved for future
generations of farmers by reintroducing them into organic farm-
ing systems (Nauta, 2001). Moreover, the rearing of autochthon-
ous breeds could be subsidised by the EU or regional governments
to conserve genetic traits or cultural heritage (Commission
Regulation (EU) No 702/2014 2014) and could be utilised as a
marketing tool.

Few studies have been carried out to evaluate the performance
of other pure breeds relative to Holstein-Friesian in organic dairy
farming systems. As far we are aware, the most complete survey to
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Table 2. Pros and cons of the use of Holstein Friesian, other pure-bred and cross-bred cows in organic dairy systems

Pros

Cons

Pure-bred cattle other than
Holstein-Friesian

Greater longevity and fertility

Robust and genetically better adapted to local conditions
(lower feed quality, parasites, diseases, climatic stress, etc.) . Lack of herd books

Lower milk production

Some breeds have better fat and protein milk contents
Higher value of newborn males and culled cows

Cross-breeding Holstein-Friesian « Improved fertility, longevity and udder health

with rustic breeds

High capacity for pasture intake

and other pure breeds

Holstein-Friesian

Usually intermediate production between Holstein-Friesian

Tendency to produce higher fat and protein contents than

Dilemma about what to do after the first cross
to obtain reposition

No direct payments to farmers within the
framework of the common agricultural policy*
Lower valuation in agrarian insurance than
pure breeds

Higher value of newborn males and culled cows

Rustic Holstein-Friesian

pasture conditions

Holstein-Friesian

Reasonable reproductive and productive performance under

Strains adapted to organic systems should be
selected

Lower maintenance requirements than North American

Better milk production than other pure breeds

*REGULATION (EU) No 1307/2013 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 17 December 2013 establishing rules for direct payments to farmers under support schemes

within the framework of the common agricultural policy.

date was conducted in the Netherlands with eight different breeds:
Holstein-Friesian, Dutch Friesian, Brown Swiss, Montbeliarde,
Jersey (considered as milk-aptitude breeds) and the dual-aptitude
breeds Groningen White Headed, Meuse Rhine Yssel and
Fleckvieh (de Haas et al., 2013) Under the study conditions,
Holstein-Friesian produced the highest milk yields, followed by
Brown Swiss and Montbeliarde (90 and 82% of the Holstein-
Friesian’s milk production respectively), whereas Jersey cows pro-
duced the lowest yields (61%). However, the protein and fat con-
tents of Jersey cow milk were much higher than those of
Holstein-Friesian milk (only Fleckvieh obtained lower scores).
Furthermore, SCC (an indicator of milk quality) was higher
(worse) in Jersey cow milk than in milk from all other breeds,
as found in other studies carried out in conventional systems
(Berry et al., 2007) and possibly explained by a dilution effect
as milk yield increases (Villar and Ldpez-Alonso, 2015).
Evaluation of reproductive performance showed that Fleckvieh
and Groningen White Headed cows obtained the highest scores
for fertility, whereas Holstein-Friesian and Brown Swiss cows
obtained the lowest scores.

Similar results were obtained in a study carried out in
Switzerland (Roesch et al., 2005) to evaluate the performance of
organic dairy cows (involving 60 farms with a breed diversity of
55.1% Holstein-Friesian x Fleckvieh, 19.7% Holstein-Friesian,
18.8% Fleckvieh and 6.4% Brown Swiss, Jersey and Montbeliarde).
Breed had a strong impact on milk yield: Fleckvieh cows produced
low volumes of milk, whereas pure-bred Holstein cattle and cows of
other breeds (Montbeliard, Brown Swiss, and even Jersey) produced
relatively high volumes of milk.

A study carried out in Austria compared only Brown Swiss and
Holstein-Friesian cows (Horn et al., 2012); the Holstein-Friesian
cows included in the study were selected for their reproductive
performance, and Brown Swiss were reared in conventional sys-
tems. Interestingly, the Brown Swiss cows produced more milk
with higher fat and protein contents, but showed poorer
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reproductive efficiency (measured as inter-parturition intervals)
than the Holstein-Friesian cows. The authors concluded that
Holstein-Friesian cows can be selected for use in pasture-based
systems, although at the expense of milk production (Pryce
et al., 1999). The results of this study may seem contradictory,
but they simply confirm the fact that both the breed and the
type of selection are important. Independently of the breeds
used in organic dairy farming, the particular cows selected must
be adapted to specific environmental and management
conditions.

Finally, a recent study carried out by our research group
(Rodriguez-Bermudez et al., 2017) to evaluate the performance
of diverse breeds (Holstein-Friesian, Swedish Red, Brown Swiss
and crosses of Holstein-Friesian) on organic dairy farms in
North Spain showed that Holstein-Friesian cows tend to produce
more milk, but with significantly lower fat and protein contents,
than the other breeds. No differences were observed in SCC in
any case.

As studies of organic farming systems are scarce, one way of
obtaining information about the performance of other breeds in
organic systems is to observe how they perform in conventional
pasture-based systems. Within Europe, some relevant studies
have been conducted in Ireland. One study compared the per-
formance of Normande and Montbeliarde cattle with that of
Dutch and Irish strains of Holstein-Friesian in pasture-based sys-
tems (Dillon et al., 20034, 2003b). Dutch Holstein-Friesian cows
produce more milk than the other breeds, and Normande cows
produced milk with higher fat and protein contents than that pro-
duced by Montbeliarde and Dutch and Irish Holstein-Friesians
(Dillon et al., 2003a). Normande and Montbeliarde displayed bet-
ter reproductive performance than both strains of Holstein-
Friesian (Dillon et al., 2003b), probably due to the negative effect
of genetic selection for milk yield on reproductive performance
(Evans et al., 2002). Finally, up to 6-8 years, the survival rates
of Montbeliarde (49.2%) and Normande cows (55.8%) were
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higher than those of Irish Holstein-Friesian (20.6%) and Dutch
Holstein-Friesian (39.7%) (Dillon et al., 2003b). In other studies
in Ireland, Holstein-Friesian cows were found to produce signifi-
cantly more milk than Jersey cows (Prendiville et al, 2011),
although there were no differences in SCC or udder health. As
expected, Jersey cow milk contained significantly higher amounts
of protein and fat (Prendiville et al., 2011) and the body condition
score (BCS) and dry matter intake (DMI) were higher in Jersey
cows than in the other breeds considered (Prendiville et al., 2009).

Overall, the available information for both organic and
pastured-based conventional systems indicates that rustic breeds
are better adapted to local conditions, displaying greater longevity
and better reproductive performance than Holstein-Friesian cows.
By contrast, local breeds always produce less milk than
Holstein-Friesians, although the fat and protein contents of the
milk are generally higher. Local breeds would therefore be accept-
able in countries where the payment system is based on solids or
where consumers are willing to pay for different types of products
or for breed protection. Moreover, Jersey milk coagulates more
quickly and forms a firmer curd than Holstein-Friesian milk,
characteristics that may be of interest for farmers wishing to pro-
duce cheese (Auldist ef al., 2004). Finally, the possible lack of herd
books and selection programs for breeds other than Holstein-
Friesian may hamper the selection procedure.

Pros and cons of cross-breeding Holstein-Friesian with
rustic breeds

Until relatively recently, cross-breeding was considered to offer
little advantage to conventional dairy producers, probably due
to the lower milk production potential of most breeds relative
to the Holstein-Friesian (Prendiville et al, 2011). However, a
decrease in additive genetic merit for functional traits, particularly
fertility and health (which are important for longevity) has
resulted in renewed interest in cross-breeding conventional
dairy cattle in the past decade (Lopez-Villalobos et al., 2000),
and some conventional dairy producers now include cross-
breeding in their breeding programs. Cross-breeding highly pro-
ductive Holstein-Friesian and local breeds is perceived as a
good option for organic farmers, and many more organic farmers
than conventional farmers cross-breed cattle. In a survey carried
out in Ontario, Rozzi et al. (2007) found that about 40% of
organic farmers questioned had cross-bred some or all of their
cows, compared to conventional producers questioned. The
breeds used for cross-breeding in organic farming are different
from those used in conventional systems. While Jersey and
Brown Swiss are the breeds most commonly chosen by conven-
tional producers for crossing with Holstein-Friesian, organic pro-
ducers have also experimented with other breeds, such as Dutch
Belted, Milking Shorthorn and Fleckvieh; crosses with Dutch
Belted are common and designed to increase the breed rusticity
and production capacity when cows are only given forage.
Information about cross-breed performance on organic farms is
scarce. Cross-breeds between Holstein-Friesian cows and other
European breeds generally produce milk yields that are intermediate
between those of both pure breeds (de Haas et al., 2013). Some stud-
ies show that cross-breeds produce milk with higher protein and fat
contents than milk produced by Holstein-Friesian cows
(Rodriguez-Bermudez et al, 2017); however, de Haas et al,
(2013) observed that crosses again performed better than both par-
ental breeds (heterosis). No differences were found regarding SCC,
which is more closely related to the management system than to
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breed type (Orjales et al., 2016; Rodriguez-Bermudez et al., 2017).
In Germany, Swalve (2007) found that in comparison with purebred
Holstein-Friesian cows, Holstein-Friesian x Swedish Red crosses
yielded advantages in terms of milk production, fat and protein con-
tents of milk (all higher) and SCC (lower). Finally, de Haas et al.
(2013) observed that crosses between Holstein-Friesian cows and
other breeds such as Dutch Friesian, Brown Swiss, Groningen
White Headed, Jersey, Meuse Rhine Yssel, Montbeliarde and
Fleckvieh improved fertility and sometimes udder health (except
Jersey and Groningen White Headed). Similar results were found
by Swalve (2007) for crosses between Holstein-Friesian and
Swedish Red or Brown Swiss cows. Most of these studies can be
considered preliminary, as they involved very few farms where
breed diversity exits. As the organic dairy sector is currently grow-
ing, new studies involving a more farms and with well-planned
experimental designs must be conducted to measure the perform-
ance of cross-breeding herds under organic productive systems.
Considering the available information on cross-breeding in
conventional pasture-based systems, the New Zealand Jersey x
Holstein-Friesian experience is important (Buckley et al., 2014).
Many studies have been conducted in recent years, both within
and outside of New Zealand, based on evidence of the average
superiority of cross-bred cows compared with any of the parental
lines (Holstein-Friesian, Ayrshire and Jersey). This is due to the
high potential for increased profits to be gained from cross-breeds
(Lopez-Villalobos et al., 2000) because of their high capacity for
pasture intake (Prendiville et al., 2009) and efficiency of conver-
sion of feed to milk (Garrick, 2002), as well as improved fertility
(Auldist et al., 2007) and longevity (Harris et al., 1996). Jersey
cows, known to produce milk with high butterfat content, could
be used in cross-breeding programs with Holstein-Friesian cows
to improve butterfat percentage in a single cross (Bluhm, 2009).
In terms of reproduction, Holstein-Friesian x Jersey crosses per-
formed better than pure Holstein-Friesian, with higher concep-
tion and pregnancy rates (Auldist et al, 2007). Studies carried
out in pasture-based systems in Ireland obtained similar results
to those obtained in New Zealand (Prendiville et al, 2009,
2011), ie. Holstein-Friesian (dam) x Jersey (sire) cross-breeds
produced intermediate milk yield and fat and protein contents
than both pure-bred parents, with Holstein-Friesian performing
better for milk production and Jersey for fat and protein contents.
No differences were found in relation to SCC and mastitis.
Once farmers know which breeds they wish to cross, the next
dilemma is to decide what to do after the first cross. One possible
strategy would be to produce first crosses, which would involve
maintaining some pure-bred cows and mating the best performers
while mating the other pure-bred cows with the desired sire to
produce replacements for the cross-bred proportion of the herd.
Other options include using continuous rotational cross-breeding
strategies or even producing composite breeds. A two-breed rota-
tional cross maintains 67% of the direct heterosis, while three- and
four- breed crosses maintain respectively 86% and 94% of the dir-
ect heterosis. The challenge is to find several breeds of suitable
merit to produce a cross-bred population that is better (economic-
ally) than the pure-bred population (Pryce and Veerkamp, 2001).
Backcrossing animals does not always produce good results.
For example, backcrossing Holstein-Friesian x Brown Swiss
crosses with a Brown Swiss resulted in lower milk yields in one
study (Dechow et al., 2007). In another, expected heterosis was
close to zero in second and third breed cross-breeding systems
due to unfavourable recombination effects on yield (Pedersen
and Christensen, 1989). A recent study conducted in Argentina
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found that once first crosses (Holstein-Friesian X Jersey, Holstein-
Friesian x Guernsey, Holstein-Friesian x Brown Swiss) have been
carried out, Holstein-Friesian traits of interest can be recovered
by breeding cross-bred dams with a Holstein-Friesian bull
(Mancuso, 2017).

In conclusion, cross-breeding highly productive Holstein-
Friesian and local breeds may be a viable option for organic produ-
cers. Although this approach seems well-established for breeds such
as Jersey, further investigation with other breeds is required before
it is applied on a large scale (Ahlman, 2010). The decision to pro-
duce cross-breeds is usually based on a desire to improve functional
traits by taking advantage of heterosis. However, the effects of het-
erosis can be positive or negative, and the overall effects are difficult
to predict (Bluhm, 2009). In addition, the choice of breeds is crit-
ical because, as already pointed out, herd books or selection pro-
grams may not have been established for minor breeds, as some
farmers carry out progeny testing on their own herds.

Pros and cons of rustic Holstein-Friesian

It seems that Holstein-Friesian cows maintain genes from their
ancestors and still show reasonable reproductive and productive
performance under pasture conditions. In fact, a study in the
UK has shown that when suitable strains are chosen,
Holstein-Friesians are the most profitable breed for use in both
conventional and organic systems (Brotherstone and Goddard,
2005). It has also been demonstrated that, under experimental
conditions based on grazed pastures and moderate concentrate
supplementation, maximum economic profit was obtained with
Holstein-Friesian cows with a low percentage of North
American genes (Baudracco et al., 2010). This may explain why
some farmers do not use local breeds and prefer to continue
using Holstein-Friesian cows (Nauta, 2001). The best example
of Holstein-Friesian cattle adapted to pasture-based systems is
without any doubt the New-Zealand Holstein-Friesian. These cat-
tle were initially selected for fat yield, then for fat and protein and
against milk volume, and more recently for economic efficiency,
including maintenance costs (Harris, 1998). The New Zealand
dairy system is pasture-based with low supplementation; most
of the cows calve in spring and 90% of the milk is made into
dairy products. Farmers are paid for the amount of protein and
fat produced and a deduction is made for milk volume produced
(Harris and Kolver, 2001). In general, this strain of New Zealand
Holstein-Friesian produces milk with higher fat and protein con-
tents and it displays better fertility, BCS, survival and overall eco-
nomic performance than the North American Holstein-Friesian
(Harris and Kolver, 2001). Moreover, New Zealand Holstein-
Friesian cows have lower maintenance requirements and DMI
in early lactation than the North American Holstein-Friesian
(Patton et al., 2008). It has been concluded that New Zealand
Holstein-Friesian cows selected under pastoral feeding are better
adapted to pasture-based systems than North American
Holstein-Friesian cows (Macdonald et al., 2005). However, New
Zealand Holstein-Friesian adapted to pasture-based systems
may not be the best alternative for use in European organic
farms, as they are selected to produce high quantities of milk
solids, and the milk payment system in Europe mainly considers
volume. European organic farmers must have their own rustic
Holstein-Friesian with good reproduction and disease resistance
but that maintains good milk yield production.

Some examples of European Holstein-Friesian cows, i.e. Dutch
and Irish strains, maintain some rustic traits. In the case of Dutch
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Friesian, a breeding system called family breeding was developed
by a group of individual breeders of the remaining Dutch-Friesian
cows in the Netherlands. This group of farmers represented only
8% of organic farms in Netherlands in 2001 (Nauta, 2001; Nauta
et al., 2009). The purpose of this breeding system was to maintain
the original Dutch Friesian breed (Fries-Hollands) (Endendijk
and Baars, 2001). Farmers select and breed their own replacement
animals, both female and male, thus producing animals that are
highly adapted to the local environment (Nauta, 2001).
However, the Dutch-Friesian family breeding system depends
on farmers’ breeding skills, and professional support may be
required for the continued success of the system. Although the
inbreeding rate was 4.5% in 2005 (which is acceptable with the
rate of more than 6% in Holstein-Friesian cattle), after many
years of family breeding the animals become increasingly more
closely related, and organic farmers therefore do not regard the
system as a good option. Conventional Irish systems have also
selected a particular Holstein-Friesian strain, which has been
demonstrated to survive better on pasture (39.7% lasted for 6-8
years) and shows better reproductive performance than the
American Holstein-Friesian (21% lasted for 6-8 years) (Dillon
et al., 2003b).

Which direction should selection of breeds for organic
sector take in coming years?

This analysis of how different breeds and crosses perform in
organic dairy systems worldwide clearly shows that there are
advantages and disadvantages associated with all, the importance
of the various pros and cons varying depending on the individual
conditions on a particular farm. It is also clear that opting to use
different breeds is risky and will remain costly, as a medium/long-
term process, until homogenous herds are established.

As most organic dairy farms have been reconverted from more
or less intensive conventional farms, where the predominant
breed is the American Holstein:Friesian, the recommended option
for most organic farms seems to be to continue using this breed
while identifying those cows best adapted to the particular condi-
tions of these productive systems, although bearing in mind that
trying out different breeds may also be worthwhile under certain
circumstances.

Once it has been decided which breed or crosses best fit the
particular interests of organic farmers, the next, but not less
important, decision to make involves selection of which particular
individuals to use, either pure-bred or cross-bred. Therefore, the
challenge in the coming years in organic dairy breeding is to pro-
vide an organic genetic merit index that satisfies the famers’
needs. Some efforts have been made to elaborate total merit
indexes for organic dairy production, in Switzerland, Austria,
Germany and Canada (Haas and Bapst, 2004; Rozzi et al,
2007). These indexes were thought to enable farmers to identify
the conventional sires best adapted to organic production.
Unfortunately, these first efforts were rather unsuccessful because
of inadequate support (Ahlman, 2010). Although the organic sec-
tor is increasing, it remains a minority, and the market volume of
this productive sector may not be profitable for maintaining bulls
only for organic farms. A potentially good alternative would be to
develop breeding indexes adapted to pasture-based systems, which
would not only be suitable for organic systems but also for con-
ventional systems with high grazing intensity. An adequate
body of knowledge and practical applicability already exists in
countries such as Ireland and New Zealand, where the solids
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(kilograms of fat and protein) and high fertility indexes are
maximised, and milk yield production, live weight and somatic
cell counts are minimised (in terms of genetic value). Moreover,
recent technological developments have led to the identification
of cows that are more resistance to diseases (based on genomic
tests) which may be useful for selecting the least susceptible indi-
viduals in the herd for breeding, in the first step to increase the
herd ‘robustness’.

All the above-mentioned tools have been developed for conven-
tional dairy systems, so that breeding values must be converted to
organic systems based on information obtained under organic con-
ditions. Only then will organic farmers be able to select best breed-
ing bulls and cows for organic production (Nauta et al, 2006b). If
breeding values are converted or estimated, bulls will have to be
re-ranked as the classification will be different, as a result of GXE
interactions (Nauta et al., 2006b; Ahlman, 2010). In our opinion,
selection indexes for organic production should place more
emphasis on functional traits (especially fertility and longevity)
than on production traits, as well as on the capacity of the animals
to perform well in pasture-based systems (i.e. considering robust-
ness of feet and legs and grazing capacity). For farmers transform-
ing milk into dairy products, special emphasis should be placed on
solids production and the transformation capacity.

Conclusions

Unlike the conventional farming sector, organic dairy farming on
both local and large scales is very heterogeneous, and no single
type of cow will be suitable for all scenarios. Because of the legis-
lation associated with organic farming (mainly involving nutri-
tion and allopathic treatments) and the high dependence on the
environment, organic farmers generally demand robust cows
that are sufficiently productive to yield profits. Analysis of the
available data indicates that (i) there is no single alternative
breed (rustic Holstein-Friesian, other rustic breeds or crosses) as
there are advantages and disadvantages associated with all, and
(ii) the strong genotype x environmental interactions demand dif-
ferent strategies to deal with very diverse situations. For example,
farms producing milk for payment systems that recompense vol-
ume would obtain benefits from high milk yielding cows, i.e. rus-
tic Holstein-Friesian may be the best option. Although most
Holstein-Friesian cows are currently selected for use in conven-
tional systems, this situation could be reversed by the implemen-
tation of an organic merit index that takes into account organic
breeding goals. On the other hand, farms producing milk either
for systems that recompense milk solids or for transformation
into dairy products would benefit from using pure-bred cows
other than Holstein-Friesian or cross-breeds. Finally, organic
farmers who focus on rural tourism, farm schools, or other busi-
nesses where marketing strategies must be taken into account,
could benefit from using local breeds (when possible) or any
other rustic breed valued by customers.
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