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Review

Effect of cubicle technological parameters on welfare and comfort of dairy cows

D. Dimov*

Department of Applied Ecology and Animal Hygiene, Faculty of Agriculture, Trakia University, 6000 Stara Zagora, Bulgaria

Abstract. The welfare and comfort of dairy cows is of particular importance and therefore, would become an issue of increasing interest for dairy farmers. A
number of studies established that better comfort of cows results in higher milk yields. The impact of technological parameters of cubicles on cows' comfort and
welfare is considerable. The mechanism of influence of cubicle's parameters on the comfort and welfare of cows is still disputable. This requires more detailed
studies in order to provide the necessary level of comfort and hence, better economic parameters of farms.

Keywords: dairy cows, free stall, cubicle technological parameters, cow comfort, comfortindex

Abbreviations: CCl - cow comfortindex or quotient, SSI - stall standing index

Introduction

Cubicles are an important element of the technology for
housing, and they have to be as clean and comfortable as possible,
in order to provide easy access, leaving, lying down and standing up
of the cows, ensuring their wholesome rest (lto et al., 2009;
Anderson, 2003; Carlsson, 1999). Poorly designed and maintained
cubicles force the cows to lie down improperly, to defecate within the
cubicle, or to refuse to use it altogether. The complications are
largely related not only with the cubicle type but also with their
maintenance, whose flaws could become significant risk factors for
the occurrence of mastitis, bruises on the metacarpal/metatarsal
joints, the udder, the teats and laminitis in dairy cows (Cook and
Nordlund, 2003; McFarland, 2003; Penev et al., 2013). Over the last
few years, various cubicle models for resting cows have been
introduced. Many of them are decommissioned shortly afterwards,
yet many others are well-accepted in practice. In many cases the
farmers prefer cubicle models, which are traditional for the country.
Still, cubicle producers, together with the farmers, are looking for the
suitable design, which would provide maximum comfort and rest for
the animals with the minimum production expenses (Carlsson,
1999). Leonard et al. (1994) have conducted a study, which
established that the percentage of cubicle usage depended most of
allonits design.

The design, size and bedding of the cubicles, in the case of tie
stall as well as free stall housing of dairy cows, must comply with
certain requirements and provide cows the necessary comfort,
freedom of lying down, standing up, and duration of the daily rest
within 12-14 hours a day.

Height of the cubicle rear curb

The cubicle's rear curb determines the cubicle space, starting
from the manure alley. It must be sufficiently high to prevent the entry
of manure while the alley is cleaned, yet it should also be low enough
to allow the cow easy entry and leaving from the cubicle (Graves et
* e-mail: dimo_1988@abv.bg

al., 2009). Palmer (2005) recommends a height of the cubicle rear
curb of 25 cm, whereas Cook and Nordlund (2004b) believed that
the height of 20 cm was not sufficient. The height of the cubicle rear
curb varies depending on the used bedding. In cases when sand or
straw bedding is used, the height of the cubicle rear curb is 10-15cm
and serves to keep the bedding within the cubicle. It is
recommended that the cubicle rear curb should be bevelled towards
the cubicle, since the cubicle changes its content due to being spilled
by the animals and could cause discomfort to the cows when the
amount of bedding is reduced (Miteva, 2012). According to Graves
etal. (2009), when using rubber mats and mattresses, the maximum
height of the cubicle rear curb has to be 30 cm. Leach and Whay
(2009) considered that the ideal cubicle rear curb height was
between 12 and 20 cm (Figure 1).
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Figure 1. Recommended cubicle dimensions for holstein-
friesian cows over 600 kg (Leach and Whay, 2009): B -
cubicle rear curb height; C - Diagonal neck rail to rear;

E - brisket to rear of cubicle; G - total length; H - height
of lowest rail at head end; I - height of lowest rail at rear;
J - brisket board's height; K - side lunge; L - neck rail
height; M - lunge zone

377



Cubicle bed slope

Dinev and Delchev (2005) recommended a slope towards the
manure alley, ranging from 1 to 2%. The cubicle slope is necessary
for the normally excreted faeces and urine to drain towards the
manure alley. Cows enjoy lying down in such a way that the front part
of their body is higher than the rear part. In order to achieve this
effect, more bedding is put within the front end of the cubicle than in
the rear end. The animals themselves also stir up the bedding as to
make a more comfortable area for lying down (Anderson, 2007). An
inadequately executed slope would cause the animals to assume
improper positions within the cubicle, with their limbs protruding
outside the cubicle (Gravesetal., 2009).

Space for movement within the cubicle

According to a number of authors (Owen et al., 1994;
McFarland, 2003; Graves et al., 2009) there are three zones within
the cubicle: the body zone, the head zone and the lunge zone. The
authors had different views with regard to the dimensions of these
spaces, yet they all agree that their size depends mostly on the size
of the animal itself. McFarland (2003) recommends body zone
dimensions for an animal weighing 550 kg of 158 to 164 cm; for 650
kg — 169-174 cm; for 750 kg — 179-184 cm. The dimensions of the
head zone for the same weights are, respectively, 44, 46, 48 cm, and
the respective dimensions of the lunge zone - 36, 38 and 40 cm.

Neck rail position

Neck rails are placed perpendicularly to the partitions between
the cubicles, forcing the cows to stand at the cubicle curb and to
venture inside only as much as to defecate and urinate outside of it,
on the manure alley. The positioning of the neck rail, as well as its
height from the floor of the cubicle, can have a considerable impact
on the time that the cows spend resting (Tucker et al., 2005; Weary
and Tucker, 2003; Veissier et al., 2004). Dinev et al (1997)
recommend that the neck rail should be fixed at 60 — 70 cm from the
front end of the cubicle. For Holstein cows weighing 600 kg, Leach
and Whay (2009) recommend a neck rail height of 120 cm from the
cubicle floor (Figure 1), whereas Anderson (2008) specified the neck
rail position at 122 cm from the floor for Holstein cows with a body
weight of 700 kg. According to Tucker et al. (2005), the cows remain
standing within their cubicles because they don't have more
comfortable spots within the barn. Therefore, the neck rail's effect on
the welfare of the cows depends on the condition of the flooring
outside the rest cubicles as well. Thus, according to Tucker et al.
(2006), despite the poor quality (wet concrete) of the barn floor
(outside the cubicles), the placement of the neck rail could force the
cows to spend more time outside the cubicle than inside it. Horning
(2003) proved that multiple hits of the cow's body while lying down
inside the narrow cubicles, and standing up and sitting down in a
manner similar to that of horses, with bending of the hind limbs, could
possibly have negative consequences, leading to injuries, pain and
fear.

The studies of Miteva et al. (2012b) established that the
distance between the neck rail and the cubicle's rear board, and its
height from the floor, have a considerable effect on the values of the
cows' comfortindex and for using the cubicles, but not on the index of
standing inside the cubicle. Tucker et al. (2006) proved that the
mobility of the neck rail could reduce injuries, pain and fear in the
animals. According to Palmer (2005), the position of the neck rail
when sand is used as bedding, could be moved further backward, so
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that the cows would stand upright within the cubicle with its hind legs
on the manure alley. Otherwise, the cows stand exactly at the rear
curb of the cubicle, which is uncomfortable and provokes them to go
further inside the cubicle, likely increasing the contamination of the
bedding and the animals themselves.

Cubicle length to the brisket board

The brisket board's purpose is to position the cow while lying
down. According to Leach and Whay (2009), it is normal for the
brisket board to be mounted at 170 — 180 cm distance from the rear
curb of the cubicle, whereas Miteva (2012) recommends a distance
of 170 — 186 cm. Anderson (2008) believes that the height of the
brisket board should be less than 20 cm, which matches to an extent
the recommendation of Leach and Whay (2009) for a brisket board's
height of more than 10 cm (Figure 1). The author did not recommend
the usage of brackets for the fixation of the brisket board on the lower
dividing pipe of the cubicle because these brackets obstruct the
stretching of the cows' fore limbs. Such boards are easily applicable
when rubber mats or mattresses are used in the cubicles. The
position of the brisket board also affects the ratio of cubicle usage by
the cows (Tucker etal., 2006).

Total cubicle length

The total cubicle length should include the length of the three
zones - for the head, the body and the lunge zone for lying down and
standing up. Cubicles that are opened at the front allow the cow to
position its head in the opposite cubicle when the cubicles are
positioned “head against head,” thus expanding the usable space.
For a cubicle opened in the front McFarland (2003) offered a total
length of 238 cm for animals weighing 550 kg, for 650 kg — 248 cm,
and for 750 kg — 267 cm. Cook and Nordlung (2004b) proposed
larger dimensions for 635 kg — 260 cm, for 725 kg — 275 cm and for
815kg—275cm. Cubicles that are closed at the front do not allow the
cow to expand its space outside the parameters of the cubicle.
According to McFarland (2003), the total length for a cubicle closed
in the front for cows with a weight of 550 kg is 244 cm, for 650 kg —
258 cm, for 750 kg — 272 cm. Cook and Nordlung (2004b) propose
for cubicles closed in the front a total cubicle length 275 ¢m for cows
weighing 635 kg, and for weights from 725 t0 815 kg — 300 cm. Leach
and Whay (2009) recommend for Holstein cows weighing 600 kg,
with cubicles opened in the front, a lunge zone larger than 60 cm, a
total cubicle length above 240 cm, whereas for cubicles closed in the
front, the lunge space should be larger than 90 cm and the total
cubicle length — above 270 cm (Figure 1). For boxes that are closed
in the front or shorter, the cows lie down sideways diagonally across
the cubicle's length, which often causes considerable contamination
of the rear part of the cubicle, adding to severe deterioration of the
animals' hygiene (Miteva, 2012). Cermak (1987) recommends a
cubicle length of 220 cm for cows weighing 625 kg, and 228 cm for a
weight of 725 kg. For cows weighing 635 kg, Irish and Martin (1983)
recommend a length of 220 cm, and for a weight of 725 kg — 228 cm.
Owen et al. (1994) propose, for weight of 650 kg, cubicle length of
210 cm for 750 kg — 221 cm. According to the Swedish Animal
Welfare Ordinance (L100, 1993) for animals weighing 650 kg, the
cubicle length should be 220 c¢m for weights > 650 kg — 230 cm.
Schoonmaker (1999) proposes a cubicle length of 255 — 270 ¢cm for
adult Holstein cows, whereas Leonard et al. (1997) suggest a
cubicle length of 222 c¢m for cows of the same weight. According to
Dimova et al. (2012) cubicle length should be 250 ¢cm, and it is
anticipated to improve the comfort of dairy cows. The current



Bulgarian legislation recommends a minimum cubicle length of 220
cm, and that it should correspond to the size of the housed cattle
breed (Ordinance 44/20.04 2006).

Anderson (2003b) established that at farms with cubicles
opened in the front (lunge zone length of 40 ¢cm) with “head against
head” positioning, 34% of the cows lay diagonally when the
opposing cubicle was empty vs 81% when there was an animalin the
opposing cubicle. At a farm with cubicles opened in the front, 60% of
the cows lay diagonally. When the cubicles were replaced with the
frontally opened type, this percentage was reduced to 44%.
According to the author, if cubicles closed in the front are used, their
length should be above 250 cm. The studies by Wagner-Storch et al.
(2003) and Fulwider and Palmer (2004c) contradict the findings of
Anderson (2003b). According to them, the share of the cows that lie
down diagonally within the cubicles that are closed or opened in the
front, with a length of 250 c¢m, is almost the same and no cubicle
preference can be inferred for this length.

It is more likely for the cows to defecate on the cubicle surface
and get soiled by manure when they are accommodated in cubicles,
which are larger than necessary (Tucker et al., 2005; Bernardi et al.,
2009; Fregonesietal., 2009).

Cubicle width

The cubicle width should allow the animals to lie down and get
up freely. If the cubicles are wider, the cows would assume unusual
positions within them, they would turn around and rotate freely,
which could lead to cubicle contamination with manure, thus
deteriorating the animals' hygiene. Cermak (1987) recommends, for
cows weighing 625 kg in free stalls, a width of 120 cm; with weight
725 kg - 120 cm. Irish and Martin (1983) recommend for cows
weighing 635 and 725 kg, a cubicle width of 122 cm. Owen et al.
(1994) propose a width of 115 cm for a weight of 650 kg; 118 cm for
750 kg, and according to the Swedish Animal Welfare Ordinance
(L100, 1993) the width for 650 kg animals should be 120 cm; for
weight >650 kg — 130 cm. Schoonmaker (1999) suggests that the
cubicles for adult Holstein cows had to be between 120-130 cm in
width, whereas Leonard et al. (1997) recommend a width of 111 cm
for the same cows. According to Palmer (2005), the width of the
cubicles for lactating Holstein-Friesian cows should be between
118-123 cm, and for pregnant heifers — 125 cm. Dinev and Delchev
(2005) recommend a cubicle width for lactating cows between 110 -
120 cm, which is in agreement with the current national legislation
(Ordinance 44/20.04 2006). The cubicle width can affect the comfort
of using the cubicle, especially with regard to the cows' lying within
them, yet the study by Miteva et al. (2012b) did not establish a
significantinfluence of cubicle width on the three indexes of comfort.

Cubicle partitions

The partitions between the cubicles have to guide the cows
while entering and leaving the cubicle, to help them assume the
proper position while lying down, and to provide the cows with
“protection” from the animals in the neighbouring cubicles. The
material from which they are made, their dimensions, their means of
mounting must be implemented in such a way that they would not
create any risk of the animals getting stuck orinjured (Graves, 2009).
According to Bickert et al. (2000) the distance from the end of the
partition to the rear curb of the cubicle should be 35 cm. When this
distance is grater, the cows manage move within the rear part of the
cubicle, which could allow them to contaminate it. When the distance
is less than 35 cm, the cows have difficulty entering the cubicle, the

injuries caused by the partitions are frequent. The distance from the
lowest part of the partitions to the surface of the cubicle bedding,
according to Palmer (2005), has to be 28 to 30 cm, which coincides
with the position of Leach and Whay (2009) (Figure 1). According to
the authors, the height of lowest rail at rear should be at least 60 cm,
and the side lunge — over 90 cm (Figure 1). This is important for the
trouble-free lying down and rising of animals and the free movement
ofthe head aside.

Cubicle bedding

The presence of soiled or moist bedding within the cubicle could
lead to high mastitis occurrence, due to pathogens in the
environment (Gergovska et al., 2012; Miteva et al., 2012a), as well
as expenses for additional labour during milking, along with
deterioration of the milk quality (Carlsson, 1999).

The type and quantity the used bedding affects the cubicles'
usage for lying down (Drissler et al., 2005). Miteva et al. (2012b)
established that the type of the used bedding had a significant
influence on the values of the three indexes, with lowest cow comfort
index in cubicles with a bedding of straw on a concrete surface (CClI
59.03%), whereas the index for cubicles with rubber mats was the
highest (CCl 83.14%). Their results indicated that using straw as
bedding on the concrete, especially when its quantity was small,
made the cubicle uncomfortable for lying down. The most preferred
cubicles were the ones with rubber mats bedding, followed by those
with manure mass and straw (CCl 68.04%). Based on the results of
Overton et al. (2003), Cook et al. (2004) also examined the
connection between the different indexes of cow comfort, registered
during different times of the day, and their dependence on the used
bedding. They reached the conclusion that the cow comfort index
was 76% when mattresses were used, and 86% — when sand was
used. According to Hippen et al. (2007) SSI varied from 18.1% to
20.4%, depending on the type of bedding in the box, whereas Cook
et al. (2005) reported a variation of 6% to 36%. The index's low
values are indicative of cubicles, which are comfortable for lying
down and getting up, and partially for the presence of good bedding
(Mitevaetal., 2012b).

A study by Cook et al. (2005) pointed out that comfort indexes
for dairy cows are widely used by consultants in dairy cattle breeding
because they are representative for the assessment of dairy cows'
behaviour while lying down. The authors examined the influence of
the cubicle bedding type (sand or geotextile mattress with filling) and
the record times on four comfortindices.

According to Fregonesi et al. (2007b), bedding which is hard,
dry and consistent in terms of quality and quantity imitates most
closely the conditions of the ground that the animals have at the
pasture. According to the authors, the bedding should be able to
provide thermal comfort, convenience for optimal rest of the cows, to
bear the weight of the animals and allow for lying down and getting
up without risk of slipping. Moreover, the bedding should help keep
the animals clean and in good health, with the minimum care
(Chaplinetal., 2000).

Various materials are used as bedding for cows in practice:
straw, sand, wood shavings, etc. Composted materials show
promise as bedding material (Endres and Barberg, 2007). The thick
straw bedding, according to Zdanowicz et al. (2004), is the best
bedding for cows with regard to provided comfort, and it keeps the
cows clean and dry. On the other hand, straw is a favourable
environment for the replication of various bacterial pathogens, which
cause mastitis. Miteva et al. (2012a) reported that, in the process of
using straw as bedding, there was an increase in coliform
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microorganisms and staphylococci, while the number of
streptococci remained unchanged. The authors also examined
bacterial growth in bedding of rice flakes, establishing a
considerable increase in the number of coliforms and staphylococci,
whereas the number of streptococciincreased only slowly.

Softer beddings significantly reduce the percentage of carpal
joints swelling, which is explainable, considering the fact that cows
shift their centre of gravity towards this part of the body while
standing up or lying down (Rushen et al., 2007a). Using rubber mats
and mattresses is widely spread in the central and northern regions
of Europe, and their usage is increasing in the Mediterranean region,
which has a completely different climate. It was determined that
microbial contamination of the synthetic materials and organic
materials are different within the same ecologic conditions (Hogan et
al., 1999; Reneau et al., 2003), because the microbial contamination
of lying surfaces is directly related to the bacterial count of the udder,
to the materials used as bedding, and it plays a key role in the
prevention of mastitis from the environment (Zdanowicz et al., 2004;
Mitevaetal.,2012a).

In order to improve the overall condition and hygiene of the
cows, according to De Palo et al. (2006), the qualities of the
materials used for the floors of the resting cubicles have to be
evaluated, along with the climate peculiarities (of the microhabitat),
where the cows are accommodated. The materials used as bedding
in the cubicles cannot be used as absolute standards with regard to
dairy cows' comfort because they change their qualities in
accordance with the microclimatic conditions that they are used in.
Lombard et al. (2010) proved better hygiene and fewer injuries when
using sand in free cubicle breeding of dairy cows. Wagner-Storch et
al. (2003) established that the percentage of standing cows in the
cubicles was higher with the usage of rubber mats, as opposed to
mattresses. The results showed that cubicles with sand or mattress
bedding were preferred, whereas rubber mats and concrete were
less attractive.

In a comparative study on the resting preferences and duration
of cows for two types of bedding, Norring et al. (2008) established
that the cows' previous “experience” had a major impact on their
choice. The issue of cow preferences is still under dispute because,
according to some authors, the cows preferred sand to other
beddings (Cook, 2003; Cook et al., 2004). Norring et al. (2008)
proved that cows chose the bedding that they were “used to.” During
their studies, the authors found out that sand helped for the
maintenance of better body hygiene despite the reduced lying time.
Studies related to the behaviour of cows depending on the amount of
bedding, on the other hand, proved that cows are capable of
choosing softer surfaces (Tucker and Weary, 2004; Tucker et al.,
2009; Mitev et al., 2012). Providing better comfort and more time for
lying down, according to the authors, has a considerable effect on
improving the animals' health status. Water beds are used in
practice as well, their big advantage being the maintenance of a
constant temperature. In a hot climate, water beds maintain a cooler
surface, and in colder weather they maintain a warmer surface
without freezing. A water mattress provides better hygiene for the
udder, with the need for bedding being minimal, and the case of
mastitis dropping significantly (Panayotova, 2005).

Conclusion

On the grounds of the conducted analysis, it becomes evident
that there are still some unclear issues with regard to the influence of
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various technological parameters of the cubicle on the animals'
behaviour and comfort. This influence and its effect should be taken
into account, especially with intensive technologies for dairy cows
rearing, in order to maximise their productivity, since their effects can
be very unfavourable and reflect upon dairy cows' health condition,
productivity and, finally, on the financial income of dairy farms. The
cubicles must be compatible with the size of the cows, in order to
provide optimal comfort and maintain satisfactory hygiene. The
materials, which are used as bedding, must be chosen in
accordance with the conditions in the region where the animals are
being housed, should be cheap and accessible, compliant with the
implemented technology for manure cleaning, and providing the
comfortrequired by the cows.
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