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Sammendrag

Naess, G. 2010: Planlgsninger og arealbruk i lassfiifs for melkekyr - Effekt pa
melkeytelse, byggekostnader og arbeidstidsforbarkd besetninger
Philosophiae Doctor Thesis 2010: 32, Universitébetmiljg- og biovitenskap.

Tradisjonelt har melkekyr i sma besetninger blitppstallet i basfigs. Selv om
bygningskostnadene er lavere for basfjgs, er lissfigis (liggebasfjgs) generelt mindre
arbeidskrevende og dyrehelsa er totalt sett beédetkeytelsen ser ut til & ligge pa omtrent
samme niva i basfjgs og lgsdriftsfizs. Likevel et pavist at melkeytelsen i sma lgsdriftsfjgs
er signifikant lavere enn i basfjgs. Dette indikeaedet er noen forhold som kan forbedres i
sma lgsdriftsfjgs. Utfordringen er & utforme egnplmlgsninger innenfor kostnadsrammene
pa sma bruk. Overordnet mal for denne avhandlingena undersgke effekten av ulike
planlgsninger og arealdisponering pa melkeytelgggékostnader og behov for arbeidskraft i
sma lgsdriftsfigs for melkekyr. Resultatene visemearkant variasjon i hvor mye areal som
ble satt av til melkekyrne, og dette har betydédigvirkning pa byggekostnadene. De totale
byggekostnadene (krfin gikk raskt nedover inntil en grunnflate pd omtrek®00 .
Arbeidsbehovet (timer/ku) ble redusert med stigebdeetningsstarrelse, og var hgyere i
ombygde fjgs enn i nye fjgs. Imidlertid klarte bendom valgte a bygge om eksisterende fijgs
a realisere en modernisert bygning for en gitt tréisgsstarrelse til en lavere pris enn ved
nybygging. Det er begrenset forskning som er gjuat effekten pad melkekyr ved ulik
arealbruk. Denne studien viser at melkekyr i |dtfjps pavirkes av flere forhold ved
bygningen. Liten kapasitet pa drikkekar, manglesyglee- og fadebinger og planlgsninger
med blindganger var alle forhold som resultertedusert melkeytelse. Kyr i fgrste laktasjon
sa ut til & veere mer fglsomme for redusert plassinidt hadde ikke besetningsstarrelsen i
seg selv noen innvirkning pa melkeytelsen. Obseevedffekter av automatisk melking (AMS)
var redusert arealbehov for melking, redusert ddimhov, @kt melkeytelse og @kt
mekaniseringskostnad. Enten en ny bygning skat¢seipp eller en bygning skal bygges om,
ma plass til dyra, byggekostnadene, arbeidsbelumyetrevelferden tas med i betraktningen.
A spare plass ved & tillate blindganger, utelakespg fadebinger eller & ha knapp tilgang pa
drikkekar er absolutt ikke & anbefale.
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Abstract

Neess, G. 2010: Dairy freestall barn layouts andcgpallocation - Effect on milk yield,
building costs and labour input in small herds.
Philosophiae Doctor Thesis 2010: 32, Norwegian @rsity of Life Sciences.

Dairy cattle in small herds have traditionally bdeused in tie-stall barns. Even though the
building costs are lower for small tie-stall barfreestall barns are in general more labour
efficient and are associated with improved cow thedMlilk yield in freestall barns seems in
general to be at the same level as in tie-statidddowever, on the smallest farms milk yield
has been shown to be significantly lower than iesstall barns. This indicates that there are
conditions in small dairy barns that could be inyamh The challenge is to design proper
freestall barn layouts for small dairy herds withexceeding the budgets on these farms. The
overall aim of this thesis was to investigate th&eats of different layouts and space
allocation of freestall dairy barns on milk yielyilding costs and labour input in small herds.
The results show that space allocated for dairysciomireestall barns varies considerably and
this variation has a significant effect on initialilding costs. The total building costs pef m
decreased rapidly up to approximately 1000 Required labour input per cow decreased by
increasing herd size, and was higher for remodeflexth for new barns. Farmers who
remodelled their barns were able to attain a magednbuilding of a certain size for a lower
cost, compared to a completely new building. Previmformation about the effects of space
allocation on dairy cows is scarce. The presentiltseshow that dairy cows kept in freestall
barns are affected by a number of housing conditituow water trough capacity, lack of
facilities for special needs cows and layouts vddad end alleys all resulted in decreased
milk yield. Primiparous cows seem to be more sesgsibout reduced space allocated and
access to resources. Herd size, however, was @oedison for reduced milk yield. Decreased
space allocation and required labour input, ina@dasechanization costs and milk yield are
all effects of installing automatic milking. Builth new or remodelling facilities, space
allocation, building costs, required labour inputdaanimal welfare must be considered.
Saving space by allowing dead end alleys, skippieyseparation area or reducing water
trough capacity is absolutely not recommendable.

ISSN 1503-1667
ISBN 978-82-575-0942-2



List of papers

Paper |

Neess, G. and Bge, K. (2010).

Layouts and space allocation in Norwegian freestailly barns.
Transactions of the ASABE, 53(2), 605-611.

Paper |1

Naess, G., Bge, K. and Dsteras, O. (2010).

Layouts for small freestall dairy barns: effectroitk yield for cows in different parities.
Submitted

Paper |11

Neess, G. and Stokstad, G. (2010).

Dairy barn layout and construction: Effects oniadibuilding costs
Submitted

Paper |V

Neess, G. and Bge, K. (2010).

Labour input in small cubicle dairy barns with difént layouts and mechanization levels.
Submitted

Paper 1 is printed with permission from the puldish



Introduction

General introduction

The most common loose housing system for dairy dswlge freestall (cubicle) barn (Bickert
et al., 2000). The system was first developed enUK in 1957 and the stalls included a kind
of mattresses (Bramley, 1962). The idea was taoepstraw- and sawdust-bedded tie-stalls
or straw yards. In the USA it started in 1960 ahdaaly in 1964 it was quite common in
some regions. The farmers were satisfied and repagduction in bedding material and
lower labour requirements as the primary benefiibright, 1964). The freestall concept is
still dominating, though compost bedded pack damyn also might be an alternative loose
housing system (Barberg et al., 2007).

Dairy cattle in small herds have traditionally bdensed in tie-stall barns, whereas farmers
with more than 80-100 cows generally have adopteestall housing (Graves, 1989). This
pattern seems to be based primarily on financialigds. Even though the building costs are
lower for small tie-stall barns (Reichel, 2005gdstall barns are more labour efficient (Boyd,
1969; Stahl et al., 1999) and are associated wigitaved cow health (Ekesbo, 1966; Bakken
et al., 1988). Milk yield in freestall barns seetasbe at the same level as in tie-stall barns
(Konggaard, 1977) or slightly lower in herds < 2fvs (Simensen et al., 2010).

In cold regions cattle housing is necessary fomahwelfare as well as working conditions
(Figure 1). However, uninsulated or open barnssii@vn to be sufficient to avoid high-
yielding dairy cows from overtaxing the thermoregaty ability in cold climate and the milk
yield is reported to be at the same level as inlated barns (Heizer et al., 1953; Arave et al.,
1994; Zahner et al., 2004).

Increased focus on animal welfare also challengesptesent practise for keeping cattle in
captivity. In many European countries governmemtgehresponded to the public concerns
about animal welfare by adopting legislations tpathibit certain practices (Rushen et al.,
2008). In Norway, the government has decided thdteastall barns should be replaced by
loose housing before year 2024 (Landbruksdepartenhet004).



Figure 1: In cold regions housing for dairy cowsiscessary

In modern animal husbandry cattle are kept in mhigher densities compared to their life in
natural environments. In order to increase animalfare, cattle behaviour in natural
environments must be considered. Cattle are gigmenimals, and will show clear signs of
stress when separated from other animals (Rushah, €1999). As summed up by Tucker
(2009) the structure within groups of cattle isecairized by both aggressive and affiliative
behaviour and the hierarchy is established andtaiagd by both kinds of social interaction.
Over time the aggressive interactions in generdl deicline as the animals become more
familiar to each other. However this dominant —asdmate relationship may influence

access to resources such as food and lying space.

Among feral cattle there are long-lasting assommsti between individual animals, yet in
intensive cattle systems with increased stockinusities the animals will not have the same
opportunity to choose which individuals they waotstay close to (Rushen et al., 2008).
Subordinate cows might be losers in such systemstasd by Thomsen et al., (2007).
Primiparous cows are found to benefit from sepag@uping from older animals by
increased feed intake and productivity (Krohn amsh¢gaard, 1979; Grant and Albright,
2001). Kjeestad and Myren (2001a; b) found that @yprately one third of the heifers
refused to use the freestalls for the first two keegfter being transferred to the lactating cow

group. However, separating primiparous cows iseagly feasible in small herds.



L ayout and space allocation

The freestall system for dairy cows, where spaadlaxated for different specific functions,
adapt for tailor-made areas for resting, walkinggding, drinking, milking and separation
(Figure 2). There are many guidelines and critmiaspace allocation and the design of these
specific areas. However, these guidelines diffategonuch between countries (CIGR, 1994,
Bickert et al., 2000; Graves, 2000; Landbruksdegaentet, 2004; DLBR, 2005).

Separation

Milking / Freestalls

Feeding

Allevs Drinking

Figure 2: Specific areas for lactating dairy cowsa freestall barn

Compact floor plans including covered systems wittoor feeding (Graves, 1989) are more
common in colder regions due to higher constructiosts for insulation and snow load.
According to Graves (1989) there was a trend inUB& in the 1970s towards minimizing

housing space per animal in an attempt to reduddithg costs, and this trend seemed to

continue in Norway in the 1980s.

Information about the effect of a general decraasspace allowance on dairy milk yield is
scarce. Fregonesi and Leaver (2002) did not fing effect of reduced total space on feed
intake or milk production in freestall systems, lhietd observations indicate that allowing
more space is common in high producing herds (Gtad@89). However, studies have shown
that daily weight gain and feed intake by dairyfénsi decreased with decreasing resting area
(Fisher et al., 1997; Mogensen et al., 1997) Lichgpace for bulls is shown to result in lower
weight gain (Ingvartsen and Andersen, 1993). Alatadrom growing-finishing pigs (NCR-
89 Committee on Confinement Management of Swin8618rumm and Miller, 1996) and
poultry (Dozier et al., 2006) show that relevanbduction parameters are impaired by



reduced space allowance. Even reduced space fgraieep caused a reduction in milk yield
(Caroprese et al., 2009). Yet, in all these systdmmspace is rather uniform and differs from
the dairy freestall system. However, many studeehocused on the different modules or
“resources” in dairy housing (freestalls, alleysed bunk, water supply, milking facilities, and
special needs pens) in the freestall barn. Whencieg space allocation for these specific
areas to a very low level, studies show negatifects on both productivity and behaviour.

Recommendations for dimensions of freestalls diff@fGR, 1994; Bickert et al., 2000;
ASABE, 2006), though freestall dimensions seem d@eehlimited effect on behaviour and
lying time (Tucker et al., 2004). The design of theestall itself should be founded on the
body dimensions of the cow (Anderson, 2008), ared gize of it should be based on the
average size of the 20% largest animals in the [@@R, 1994). The number of freestall
rows along a feedline will influence the total asgal the available feed bunk space per cow
(Graves, 2000). Housing designs with three rowlesdstalls cut building space per freestall
and may therefore reduce building costs. Howeveed fbunk space per cow is reduced
compared to a two row layout and was shown to rasuinore competition in front of the
feed bunk (Mentink and Cook, 2006).

Overstocking, in terms of more than one cow pegdtall, is a result of management routines
and not layout, and will certainly influence theasp allocated per cow. The behavioural
effects of overstocking are characterized by ineedacompetition for freestalls, reduced lying
time, shorter resting periods, increased time stgnautside the freestalls and poorer
locomotion score (e.g. Friend et al.,, 1977; Bowetllal.,, 2003; Fregonesi et al., 2007,
Krawczel et al., 2008).

Organization of alleys is important for achievingtimal cow traffic and dead end alleys
should be avoided (Smith et al.,, 2000). The walkanga consists of alleys and crossovers.
The size of this area depends on the width of legsaand the layout of the barn. There are
not many clear recommendations according to thetesgace needed for cows in the walking
area. Zeeb et al. (1988) said that cows need kingabspace of at least 3.5°m 600 kg
bodyweight. This is based on measurements of tdg baluding a social distance of 0.2 m.
Danish recommendations claim that the walking atezuld be no less than 4*rhcow in

order to reduce aggressions among cows (DLBR, 20®&ommendations for alley widths

10



also differ (CIGR, 1994; Bickert et al., 2000; Geawet al., 2006). In general the guidelines
demands increased width of alleys by increased $ized.

Despite the importance of the effect of alley aalawance, only one study seems to deal
with this question. A controlled study carried dat Henneberg et al., (1986) found that
reducing the alley width to 1.6 m resulted in alnalr behaviour, and a reduction to 1.2 m
gave significantly lower milk yield. The width ofleys and crossovers should at least fit the
space cows need to pass each other without geattiimgich (Konggaard, 1982), but practical
recommendations are much higher (Graves, 2000hSzhal., 2000).

High yielding dairy cows require much water andréh&s a significant correlation between
water intake and milk yield (Andersson, 1987). éveral recommendations (CIGR, 1994,
McFarland, 2000), the importance of an

adequate water supply is pointed "‘*”

(Figure 3). However, documentation
possible negative effects on milk yield fro ‘
reducing the amount of water supply
scarce. Cows are found to prefer, and
drink more, from larger troughs (Pinheir
Machado Filho et al., 2004; Teixeira et &
2006). Projecting the width of crossove
the space needed for prospective wa
troughs must be considered (McFarla
2000).

Figure 3: Water supply is essential for dairy cows.

Gaining access to feed has high priority for coval{Lalillet et al., 2008) and overstocking in
front of the feed bunk has been shown to negatiirdlyence the cows social interactions
(Friend et al., 1977; DeVries et al., 2004), espécifor low ranked cows (Huzzey et al.,
2006). Increased space is shown to reduce the nuaibdisplacements at the feed bunk,
especially for cows with lower social status. Wrega et al. (1985) found that extra space
compared to “normal”’ (< one freestall and one eppiace per cow) gave the cows more

freedom to determine the moments for resting arthgeaand they synchronized their
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activities more. With feed stalls in front of theetl bunk (i.e. partitions between adjacent
cows) this effect was more pronounced, yet feellsstamand additional space (DeVries and
von Keyserlingk, 2006). Though it is well documehtthat the level of confrontations
increase by decreased feed bunk space, the dadyiritake do not seem to be disturbed until
the feed bunk space is reduced to a very low Igrgdnd et al., 1977).

Freestall barn layouts seem to have changed ditide the 1980s and 1990s. The introduction
of robotic milking or "automatic milking system” (AS) has had a large impact on layouts
and the reduction of space for milking during tlR@@s (Rodenburg, 2004).

In front of the milking parlour, space allocated foows waiting in line for milking is
necessary. For manual milking parlours 1.5 — 2?0ismeeded (DLBR, 2005). Automatic
milking systems are more area efficient than mdkoarlours, but need some space dedicated
for waiting cows in front of the milking unit (Then2002; Rodenburg, 2004).

There are different groups of “special needs cothat demand specific attention and extra
space (Graves et al., 2006) and the importanceprate areas for these cows is emphasized
in all recommendations (e.g. Cook and Nordlund,4200ammel and Graves, 2007). A
separation area should be designed for each plartjpurpose but in small herds some of the
cow groups might be consolidated (Kammel and Gra2@87). The area for transition cows
should be dimensioned for the real distributiorcatving time that often diverges quite much
from a perfect uniformity (Stone, 2000). Often pémsspecial needs cows are not present, or
not in practical use (Vasseur et al., 2010). Howeés most likely that the absence of such
areas, in addition to worsen the animal welfard] wfluence milk production, but no

relevant data seem to exist.

Building costs

On small dairy farms, especially in cold climatgioms, high investment costs and lack of
investment capital may delay the modernizing oflitees (O'Donoghue et al., 1998; Lazarus
et al., 2003). Dairy barns need to be renewed deroto offer proper facilities for improved

working conditions and animal welfare.
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Annual dairy building costs seem to be more or tEssstant over time and constitute about
10-15 % of the total costs (Albright, 1964; Gazaaand Hilty, 2002). Many studies have

focused on initial building costs in dairy housigfhilles et al., 1974; Gartung et al., 1983;
Pereira et al., 2003; Fernandez et al., 2008) andamies of scale (lower investment costs
per cow in larger buildings) has been stated (Hugjland Albright, 1970; Gjerde, 1996;

Gazzarin and Hilty, 2002).

Berg (1995) found that the potential for reducingiding costs by building uninsulated dairy

barns was low. However, more open buildings (Sirabal., 2007) and also simpler interior

(Dolby and Ekelund, 1994) may reduce the buildiogts considerably.

Barns including posts might be cheaper than comlylepen rooms (Simon et al., 2007), and
make stepwise building possible (Bjerg and Fog5)9Bomestic regulations, material costs,
labour prices and building tradition might alsolueince the building costs (Van Caenegem,
2003).

An alternative to building new separate building$a remodel and expand present buildings.
In Scandinavia a gradual expansion of the herd Bizeemodelling existing buildings to
freestalls and parlour systems has been commorder o keep building costs low (Ekelund
and Dolby, 1993). Though remodelled facilities maguire lower investments, they may also
have poorer functionality compared to new buildifgkelund and Dolby, 1993; Bewley et
al., 2001a). Remodelling or a more gradual expansimy also offer attractive returns

compared to more capital-intensive investmentsin facilities (Lazarus et al., 2003).

An extensive use of own work in the building pracesght reduce the cash expenditure (Van
Caenegem et al.,, 2004), but may also negativelgcafthe milk production during the
building period (Aschan and Stockzelius, 1997).

Labour and mechanization

A proper barn layout may reduce the required lalvyput as stated by Albright (1964). For
example a well designed section for special needs avill simplify the work with maternity
cows and cows with health problems (Kammel and &a2007). Increased mechanization
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level is also expected to reduce the required lalmput and probably increase the profit
levels, yet often to a higher cost (Hoglund andriglt, 1970; Karszes, 2000).

The dairy work can be divided into milking, feedirddeaning and other work / management
(Hedlund, 2008). The total required labour input pew varies considerably and seems to
constitute about 30-50 hours per cow and year f&-d00 cow herd, and decreases by
increasing herd size (Auernhammer, 1990; Hedluf@8® The required labour per cow has
gradually been reduced during the last 50 yeardll(ied, 2008), illustrated by Nygaard

(1977) who in the 1960s found the labour inputeédB hours per cow-unit and year in small

tie-stall barns.

On family farms most of the work is done by the ignthemselves. Even though farmers
seem to have a strong preference to staying ity gaarduction, it is obvious that a minimum
income is necessary to keep them in business @ndsGazzarin, 2008). It might be difficult

to renew the facilities and simulations of effiagron dairy farms based on “best practice”
have shown that many small farms had high prodoatmsts due to inefficient facilities or

working routines (Tauer, 2001). Newer buildingsdtén be more efficient (Stahl et al., 1999).
Larger farms are early adopters of technology aedefit more from labour-saving

technologies (O’Brien et al., 2007). Bewley et(@2D01b) reported that farmers who built all
new facilities observed higher production and gee&bour efficiency compared to farmers
who modified their facilities.

Figure 4: Automatic milking influence working cotidins

14



Traditional milking is the most labour intensiveripaf the work and constitutes about 50 — 70
% of the work in cubicle housing (Hoglund, 1973;efmhammer, 1990; Hedlund, 2008).
Increased mechanization of milking is about redgiciaquired labour input and thereby
reducing the costs (e.g. Wagner et al., 2001; HyakEngel, 2002). With AMS the required
labour input is expected to be significantly loW8chon, 2000; Hedlund, 2008), yet investing
in AMS is a large investment (Figure 4).

Automatic feeding systems and manure scrapers ter ¢echnical innovations that are
expected to reduce the required labour input. Thidlustrated by a reduction in required
labour input for feeding from 30% in the 1960’s @&ard, 1977) to 13 % in the 2000’s
(Hedlund, 2008). Pereira et al. (2005) found thetxof slatted floors to be up to 40% higher
than floors built for tractor scrapers, and Gartang Krentler (1987) found the lowest costs
manure handling and storage system to be 50% ahtist expensive alternative.

However, mechanization and handling systems affecking conditions and animal welfare

in addition to building costs and required laboldre mechanization of milking, for example,
is not only a question of minimizing costs. Therawoluction of the AMS during the last

decade also has socio-economic effects (WautersMaitijs, 2004) by e.g. giving more

flexibility with respect to working hours and alsffects on the cows by changed daily time
budgets (Svennersten-Sjaunja and Pettersson, 2008).

Optimization of layouts

Optimization may be understood as “economically irogiation”. However, working
conditions and animal welfare cannot always be oreadsin economical terms. On the other
hand, good animal welfare might result in incregsexduction, and allocating more space for
cows may also make it easier to achieve a goodutayidus, animal welfare also should be
considered when optimizing a barn layout.

As mentioned above there are economies of scat@nstruction costs of barns. However,
increasing the size is not the only way of optimigbuilding costs. Optimization of layouts
can be done by e.g. decreasing building costscnegldabour input or increasing milk yield
(Figure 5). Building costs may be reduced by desmdaarea or by simplifying the
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construction. More simple constructions must beeetgd to last for a shorter period, yet this
is not necessarily negative. Traditionally mosttie¢ barns are solidly built in Norway.
Albright (1964) called these buildings “dairy castl. After some years the layout and
building conditions might be unsuitable for modéusbandry, yet the technical value of the
building is still high. In Norway these buildingseaoften remodelled in order to take care of
the “rest value”.

Required labour
input

Building costs N @ Animal welfare

Layout
optimizing

o & Working
Milk yield m

Figure 5: Many conditions must be considered ineorit optimize barn layouts.

Simensen et al. (2010) found that milk yield insexh with increasing herd sizes in small
Norwegian freestall dairy barns. Therefore it is gpiecial interest to examine the space
allocation and the layouts in small herds. Appraatiety 25% of the Norwegian cows are

housed in loose housing systems, and mean herdirsifeeestall barns is 25.8 cows

(Simensen et al., 2007). Many other countries laésa@ many small herds.

There are different approaches to studying themopéition of the layout. Some researchers
have used algorithms and neural network methodsrtalate an optimized layout (Halachmi
et al.,, 2002; Fernandez et al., 2006; Marco, 20@8greas others have studied the on-farm
effects of theoretical benefits choosing particlanding layouts and configurations (Bewley
et al., 2001a). In order to optimize the spacdienathan minimizing it, there is still a need for
increased knowledge about this topic.
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Aim of the thesis

The overall aim of the thesis was to investigate ¢fffects of different layouts and space

allocation of freestall dairy barns on milk yielyilding costs and labour input in small herds.

More specific issues addressed in the papers iedludthis thesis were:

* How is the variation in layout and space allocatwithin recently built freestall dairy
barns?

* Is remodelling of dairy barns a recommended wagnéwing the facilities?

* How does dairy barn layout and space allocatiomcathe milk yield for cows in different
parities?

* To what extent is there an economy of scale inttoasng dairy freestall barns?

* Which conditions affect initial building costs pamit?

 How is the required labour input per unit affectieg layout, space allocation, and

mechanization?
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Summary of material and methods

Selecting study farms

The studies included in this thesis are parts lafger descriptive and cross-sectional project
on freestall housing called “Freestall barns forydeattle”. From a questionnaire sent to all
dairy advisors in Norway, a list of 2,400 presumyadsiown freestall-housed herds in Norway
was obtained. These farmers received a questi@nr@ivering several aspects of their
freestall housing system. To be included in thalfstudy, farmers had to fulfil our inclusion
criteria; volunteer to participate, have a here sz20 standardized cow years based on the
year 2005 (cow year = number of days from firsvicgl to culling within one year, divided
by 365), and have a barn built in the yea-

1995 to 2005. As we expect some housil

systems to be common in the future, ¢ Mgk
barns with AMS (n = 44), with solid ) g S
concrete floors (n = 105) or rubber soli
floors (n = 24) in the alleys were include J
in the study barns. Traditionally freesta
barns in Norway have been construct:
with slatted floors and such buildings wet
only included if they were located in thi
same municipality as farms mentione :
above. The final database included 2:
free-stalled dairy herds located all ove
Norway (Figure 6). Due to missing -

information about floor plans the fina

material in this study included 207 herds.

Figure 6: An overview of farms visited during thedd work (I. S. Holand, HiNT)

Layout and space allocation data

Layouts from these 207 Norwegian freestall bards,n8w and 113 rebuilt, with a mean
number of freestalls for lactating cows from 42.016.5 were obtained and the areas

dedicated for milking cows were analyzed. The nundfebarns included in the separate
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studies presented in Paper Il and Paper IV werecextito 204 and 201 respectively due to
conditions described in the papers. In Paper llladpduts were merged with building cost
data.

During the period from September 2006 until May 2@0l the barns were visited once by
trained observers. Farmers were asked to provitkle® drawings used during the barn-
building process. Approximately 80% of the farmeese able to provide such drawings. On
these farms all the main dimensions of the buildimgre measured using the electronic
measuring device Leica Disth type A3 in order to assure that the drawings veeneect.
For the rest of the buildings, dimensions for indl@mgth, width and height of the building,
alleys, freestalls, pens etc., were measured usiegsame electronic measuring device. In
addition photographs of the barns were taken syaieally, both inside and outside, using a
digital camera. On the basis of the drawings, measents and pictures, an accurate floor
plan was created using the computer-aided desiwase Vectorwork§” Architect for each
barn. The “total cow area” (TCA) in the barn wadirkxd as the area allocated for lactating
cows excluding the feed table (Figure 7), and &énéax was divided into “free accessible area”
(FAA) and “restricted area” (REA).

Freestalls Freestalls

Freestall alley

Milking area

Cross-
Freestalls o Freestalls

v Feed alley

| Feed table |

Figure 7: An example of a floor plan.

VectorWorks" software includes a function that allows automatitculation of the size (in
m?) of the different areas (freestalls, feeding aedys, milking area and separation area).
Area data were exported to a spreadsheet for cdrapse/e analyzes.
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In order to avoid an effect of management, espgcsabcking density (number of cows per
freestall), the unit of measure presented in thyaes in Paper | was’mer freestall. Hence,

we assumed that there was one cow per freestadlddition to analyzing space allocated in
different modules the layouts were analyzed acogrdo how the modules were arranged.

Examples are number of freestall rows, locatiofregstalls and water troughs etc.

Herd and farm data

The cow identity, 305 days milk yield and calvingterval data was extracted from the
Norwegian Milk Recording System (NDHRS) for thefeient individual cows, as well as
calving and culling date (Osteras et al., 2007)Péaper Il the 305 days milk yield dataset
contained 20,221 different lactations from 12,118 cent cows and 204 different herds. In
Paper Il building cost data was obtained from farsnand merged with construction,
mechanization and layout data from the same b&equired daily labour input during the
winter season was estimated by the farmers in PRpeAdditionally information about
farmers’ attitude towards animals (Kielland et 2010) and cleanliness of cows (Ruud et al.,

2010) were obtained as described in Paper IV.

Statistical analysis

Layout data and information on housing conditioreyavanalyzed descriptively in Paper I.
These data were merged with milk yield data, boddcosts and labour input data in the
respective papers. In Paper Il “mixed models” r8SRL7 for windows (SPSS, Inc., Chicago,
lll.) was used analyzing the association betweeh 88ys milk yield and the layout of
different barns, using herd as random effect inva tevel model. Both simple models
including the different explanatory variables oryedne together with parity, calving interval
and herd as random effect, and a final model inotuadll significant explanatory variables,
were created. In Paper Il and IV “General Lineaoddl” (GLM) in SPSS was used in a

similar way analyzing herd level data.
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Summary of results from individual papers

Paper |
Layouts and space allocation in Norwegian freesfally barns.

The mean total cow area (TCA) was 8.37 + 1.0%er freestall, ranged from 5.88 to 12.61
m?, decreased with increased number of stalls andhigier for new buildings compared to
rebuilt buildings. The mean freestall area was 27818 ni per freestall and represented
33.2 % of the TCA. Both alley area and feed burdcspdecreased with increasing number of
freestall rows. The mean alley area was 3.70 + Bf6@er freestall and represented 44.2 % of
the TCA. Widths of feed alleys (3.21 + 0.43 m) drekstall alleys (2.25 + 0.44 m) varied
considerably and a high proportion was below theeAcan recommendations (Bickert et al.,
2000). However, only a minor proportion was beldwe tinternational recommendations
(CIGR, 1994). Barns with automatic milking systeAMS) had approximately 1.0 ress
milking area per freestall compared to barns wiilking parlours. Nearly 25% of the barns
had no separation area for maternity and sick aowiseven 16 % of new barns had no space
for this important cow group. Increased herd sizé éhoosing AMS-systems over traditional
parlours were structural factors that reduced Imgldpace. However, in several barns space
was minimized by decreasing the alley widths angpmsig the separation area, which is
absolutely not recommendable.

Paper |1
Layouts for small freestall dairy barns: effectoiik yield for cows in different parities.

The final statistical model estimates show thay gmimiparous cows benefit from increased
free space allocation by increased milk yield. Mylkeld was generally higher in automatic
milking system (AMS) barns compared to barns withlkimg parlours, but not for
primiparous cows. Milk yield was higher for all gas for barns using maternity pens or
pens for sick cows in accordance with the recommagoids. Barns with two or more “dead
end alleys” had lower milk yield compared to layoutithout dead end alleys. Primiparous
cows benefit from water troughs located for easseas and respond by increased milk yield.
In 10 % of the barns the water trough capacity leas than 47% of the recommendations,

and all parities benefit from a water trough cafyaaigher than this level. Higher parities had
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increased milk yield when water trough capacity wasre than 80 %. Feed bunk space,
number of freestall rows or the location of freistaad no significant effect on the milk

yield.

This study show that increased space and improwa@dsa to water is beneficial to
primiparous cows, whereas layouts without deadal&ys and improved water capacity is

beneficial for all cows in freestall systems.

Paper |11
Dairy barn layout and construction: Effects on iaitbuilding costs

Plot of the data reveals that construction costsgeare meter decreased up to approximately
1250 nf while mechanization costs and total building caf#sreased up to approximately
1000 M. A further increase in building area had only tiedi effect on the building costs per
m?. Models including explanatory variables showedt thalking- and service area was
significantly more expensive than other areas. Aba®is were all together not significantly
more expensive than other barns, since the inaleasehanization cost is offset by need for
less milking area. Farmers remodelling their bavase able to realise a modernized building
for a certain herd size for a lower cost compaped tompletely new building. The value of
own effort varied considerably between projects, imnmany cases the value was so low that
farmers would be able to find alternative incomerses with a higher hourly rate than the
model predicts.

Paper |V
Labour input in small cubicle dairy barns with @ifént layouts and mechanization levels.

The required labour input per cow decreased byeas®d herd size, up to approximately 60
cows. Barns with AMS had the same estimated lalmpurt per cow independent of herd size.
For herds with milking parlours the estimated labimput decreased by increasing herd size
from 20 to 80 cows. The estimated required laboputi was higher for rebuilt barns up to a
herd size of 39 cows. The comprehensive variatolalbour input indicates that optimizing
building layout, developing good management rostiaed proper mechanization levels,
would considerably reduce the required amount lwdua.
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Results and general discussion

As documented in Paper |, the space allowancéé&c@w) in small dairy freestall barns (< 100
cows) varies considerably and this variation repmesa difference in initial building costs as
discussed in Paper lll. In freestall housing, mdifferent modules must be considered, and
barn layout and stocking density is found to afiéagiry cows as documented in Paper Il. In
addition to effects on the cattle, the space afionaand barn layout may influence the labour
required as discussed in Paper IV. The results ftben studies included in this thesis
emphasise the effect of different space allowanetandk yield, initial building costs and
labour required for dairy work.

Herd size

The total cow area (TCA) decreased by increased $iee (Paper 1). Dairy barn layouts for
small herds seem to be less area efficient, sessrnfpey must offer the same modules as in

bigger herds, and a proper layout is more demartdiaigsign without allocating more space.

Simensen et al. (2010) found that milk yield insexh with increasing herd sizes in small
freestall dairy barns and was significantly lowart in tie-stall barns for herds up to 27 cows.
This effect also seemed to occur in the study prtesein Paper I, but when adjusting for
other variables, there was no effect of herd Sites indicates that it is not really the herd
size, but the building conditions offered by diffat layouts that contribute to a lower average
milk yield in small herds. Probably even more spsiteuld have been allocated for the cows
on these farms? Morrison et al. (1981) found groofpfive cattle to have less daily feed
intake than a group of ten cattle with the samecespdlocated per animal. Petherick et al.
(1983) pointed out that the need for space is greatsmall groups of animals. This principle
is not laid down in the guidelines for dairy covesg. CIGR, 1994, Bickert et al., 2000), but
according to the European regulations for dry s@C, 2001) the unobstructed floor area
must be increased by 10% for groups of fewer thampigs. Still, there seems to be no

scientific evidence to support this requirementelation to pigs (Turner et al., 2003).

Reduced building costs per unit by increased heel are well documented (Hoglund and
Albright, 1970; Gjerde, 1996) and the results frBaper Ill confirm this statement. The total
building costs (TBC) decreased rapidly up to appnaxely 1000 rh or a herd size of 55
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dairy cows including replacement, milking and fewdifacilities, and fits quite well with
previous studies (Hoglund and Albright, 1970; Garzand Hilty, 2002).

Herd size may also affect the required labour immrt cow (Nygaard, 1977; Auernhammer,
1990; Hedlund, 2008). According to the field obsgians there is a significant reduction in
required labour input up to a herd size of appratety 60 cows (Paper 1V). The statistical
model suggests that this effect might be presengven bigger herds.

Layout factors

The guidelines describe design of the different utesl or “resources” in the freestall system
one by one (e.g. CIGR, 1994; Bickert et al., 206@)wever, combinations of these modules
might be expressed by many different layouts, anthérmore influences the space allocation

and how cows react on their local environment.

The details in design of the freestalls may berefgimportance for cleanliness and animal
welfare (Ruud et al., 2010). Still, this variatiam freestall dimensions only has a limited
effect on the TCA. The results from Paper | showat th new buildings, freestall sections
were usually located parallel to the feed bunkewative locations did not affect the alley
area and layouts in typical rebuilt barns did nidfied from new buildings. The location of
freestalls did not affect milk yield (Paper Il) ntre required labour input (Paper 1V). In
agreement with Graves (1989) the mean alley areal®ss for three rows than for two and
four rows. Number of freestall rows did not afféae milk yield (Paper 11). The model results
from Paper IV showed that barns with 1-2 freestals had significant higher required
labour input per cow. The statistical model wasusi#jd for herd size. One reason for this
result might be that small farms have less oppdstuto invest in labour-saving
mechanization like AMS or automatic feeding

There are many recommendations for space allocatiafieys (e.g. CIGR, 1994; Bickert et
al., 2000; Landbruksdepartementet, 2004; DLBR, 20§8&t information about effects on
cows is scarce. The variation in space allocatedafieys varied considerably (Paper I),
although results from Paper Il showed that a gémaceease in free accessible area (freestall-
and alley-area) had no effect on milk yield. Theyaexception from this was primiparous
cows that tended to benefit from increased spdowahce by increased milk yield. Reducing
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the width of alleys to a considerably low level, yneause an increase in number of
confrontations and reduced milk yield (Henneberglet 1986). According to Paper Il the
width of alleys had no effect on milk yield, yeethlleys were wider than the alleys tested by
Henneberg et.al. (1986).

Several authors state that crossovers should hedpbfor every 25-40 stalls, and dead end
alleys should be avoided (Bickert et al., 2000; tBnait al., 2000). Barns with “dead end

alleys” (Figure 8) had less alley area per free@ealper 1), but an interesting finding in Paper
Il is that cows in barn layouts with more than alead end alley had a significant lower milk

yield whereas one dead end alley had no effect.s®mem to cope with one dead end alley,
probably because of the possibility of avoidingsthesections in the barn. This finding

supports the recommendations stating that layoiitsdead end alleys should be avoided.

- "Dead end alley”

>2.4m

Figure 8: A “dead end alley” was defined as a fedigy or a freestall alley without
crossovers in both ends, with a minimum length4h2 and a width of less than 3 m.

Separating dry cows simplify the work by removingnimilking cows from the lactating
group. However, the results from Paper Il and Pdgeshow no effects on milk yield or
required labour by separating dry cows. Primiparcauss have earlier been found to benefit
from being separated from elder cows by increasedifig time, feed intake and milk yield
(Krohn and Konggaard, 1979). In small herds, howeseparating primiparous cows is not
easily feasible. Interestingly results from Pagdeshow that primiparous cows benefit from
increased free accessible area and water troughseltb for easy access. This might be an
effect of small groups where subordinated cows hawéed possibilities to avoid from

dominating cows.
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The importance of well designed facilities for Spemeeds cows is emphasized by several
authors (Cook and Nordlund, 2004; Graves et aDg2&ammel and Graves, 2007), yet data
from Norwegian herds show that these areas oftennanimized, or even not present.
Furthermore, they are often not in practical usepé? I). This is not only a Norwegian
phenomenon. Similar practise is already documefi@un Canada (Vasseur et al., 2010).
Many farmers seem to reduce the initial buildingtsdby minimizing these facilities. The
result of this choice is a significant lower milield (Paper IlI) and also a weak tendency of
increasing required labour input (Paper 1V), inidd to worsen the animal welfare. In total,

saving space by skipping the separation area @by not recommendable (Figure 9).

Figure 9: Both cows and farmers benefit from a wleligned module for special needs cows.

The TCA enlarged by increased feed bunk space @&r Eurthermore the feed bunk space
decreased by increasing number of freestall rovepdP 1) as also pointed out by other
authors (Graves, 2000; Mentink and Cook, 2006).dteg behavioural effects, as increased
competition and rate of displacements by reduchegfeed bunk space, are documented by
several authors (e.g. DeVries et al.,, 2004; Huzztewl., 2006). The results from Paper Il
show no effect of feed bunk space on milk yield.adeed bunk space per cow was 0.58 m.
Friend et al., (1977) observed increased competitip the feed bunk when reducing the
space slightly below one eating place per cow (0%m). However, the feed intake was not
reduced until the feed bunk space was reduced lawb@.2 m per cow. Olofsson (1999)
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documented that cows compensate for reduced fegddpace and increased competition by
increased consumption rate. Therefore, it is nopr&ingly that feed bunk space did not

affect milk yield in the study presented in Paper |

In average barns with feed stalls allocated 1.0idemfeed alleys including feed stalls (Paper
). However, feed stalls had no effect on milk gi¢Paper I1). Adding feed stalls has earlier
been found to reduce the competition in front &f feed bunk by forcing cows to initiate
contact at the rear of the animal they wanted spldce (DeVries and von Keyserlingk,
2006). Increased feed bunk space without feed sstalko reduced the number of
displacements in front of the feed bunk considgra¥ilhen optimizing the space allocation,
including feed stalls should probably not havehigest priority.

High yielding lactating cows need abundant avalitgbof fresh water (Brouk et al., 2003).
Recommendations for water trough capacity des@&ibertain number of cows per drinking
bowl or accessible perimeter of water trough pev (GIGR, 1994). According to the results
in Paper Il, the 10 % barns with the lowest wateugh capacity had less than 47 % of the
capacity described in the guidelines, and thisltegun a significant reduction in milk yield.
Higher parities produce more milk, and seem to lwstnsensitive to water access. It is
alarming that a basic resource as water is limikechany barns. Investing in more water

troughs is obvious the best measure to take.

In 41% of the barns water troughs were locatedhi d¢rossovers (Paper I). Crossovers
including water troughs must have sufficient spmrecows to drink and cross at the same
time. In many cases the crossovers were not widegmfor allowing two directional cow
travel behind another cow drinking as describedMmpFarland (2000). Primiparous cows
seem to be sensitive for this, and benefit fromewatughs located for easy access (on the
first freestall row). Bickert et al. (2000) statéwht more space and more locations should be

provided when primiparous cows are housed withraidevs.

M echanization

The mechanization costs pef as a function of total area was reduced by incrkasea up to
approximately 1000 fr(Paper I1). The variation in mechanization levelsixcomprehensive

and most pronounced among remodelled barns.
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An assortment of technical equipments is availdbtesimplifying the dairy work. Milking
has traditionally been the most labour intensivet pd the work (Auernhammer, 1990;
Hedlund, 2008), and still is on most of the farm&e introduction of automatic milking
system (AMS), however, has had a great impact @y derking routines, required labour
input and barn layouts during the 2000s (Rodenb@@)4; Svennersten-Sjaunja and
Pettersson, 2008). Results from Paper | show thstS Abarns in average allocated
approximately 1.0 fless space per cow for milking compared to tradil milking parlours
(including holding pen, milking parlour / automatlking unit and return alley). Milking
facilities represent high cost areas, and savirapesfby reducing the milking area has a
significant effect on initial building costs (Pag#). The milking robot, however, represents
a large investment, annual costs for maintenancst ha expected to increase and the
economic life is limited. In Paper IV an estimater@educed required labour input on AMS-
barns is discussed. The labour input per cow wasaffected by herd size in AMS barns
(Paper 1V), whereas barns with milking parloursnseé@ to choose milking parlours with
increasing capacity by increased herd sizes asibedcbefore (Jakobsson, 2000; Schick,
2000). Hence, the difference between milking padoand AMS decreased by increasing

herd size.

According to Paper II, the milk yield was signifitdy higher in herds with AMS (Figure 10)
and this is supported by the conclusion in the ewvarticle of Svennersten-Sjaunja and
Pettersson (2008). In Paper Il no such effect cbaldeen for primiparous cows. Spolders et
al. (2004) found that primiparous cows visited théking unit more often than multiparous
cows, but the increased milking frequency had mecebn milk yield. Another statement that
supports our findings is that cows of low sociahkiawhich primiparous cows often are,
spend more time waiting in line in front of the kmig unit (Melin et al., 2006).
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Figure 10: In general AMS barns lead to increasatk iyield

In Norway, manure handling normally is based ottethfloors or mechanized by manure
scrapers. Therefore there is limited variation ianore handling systems on the farms
included in the papers in this thesis, and thelt®@dtom Paper IV show no effect on the
labour required.

The way of feeding roughage did not affect the labaput per cow (Paper 1V). Different
feeding systems demand unequal amount of work. Meryethe feeding method will
normally be dimensioned in proportion to the haré.sOn farms with large herds the feeding
systems often are much more efficient than on famitis small herds, and this may be the

reason why the estimated labour input did not diflietween roughage feeding systems.

New vs. remodelled facilities

An alternative to building new separate barns iseimodel and expand present barns. By
remodelling their facilities, many farmers wereeld attain a modernized building of a
certain size for a lower cost, compared to a cotapleew building (Paper 1ll). The required
labour input, however, was higher in remodelleddings (Paper 1V) up to approximately 40
cows. This is supported by earlier studies emphagithat remodelled barns must expect
lower functionality compared to new buildings (BEkad and Dolby, 1993; Bewley et al.,
2001a). Saving money by decreased initial costsng®eresult in building conditions that

29



demand more labour input, yet remodelling mighb adéve attractive returns compared to

more capital-intensive investments in new factitées stated by Lazarus et al., (2003).

In new buildings more space was allocated for cosvapared to remodelled buildings (Paper
). Remodelled barns often include layout condside.g. dead end alleys) that contribute to
decreased milk yield (Paper Il). Many farmers haxisting barns with a quite high technical
value and remodelling might be a reasonable chditemany cases a completely new
building is unattainable due to high investmentti€oklowever, layouts and space allocation

in remodelled barns must meet the same qualitgraitis new facilities.

Building- constructions and costs

There were comprehensive variations in constructamnsts, also among barns for
approximately same herd sizes (Paper Ill). The ggonof buildings caused some of this
variation. Barns with a small base need more serfaea of the superstructure (roof and
walls), and is one of the main reasons for decteasastruction costs by increased herd size.
Service rooms in addition to milking facilities regented areas of higher initial cost pér m
(Paper 1l1), and barns with a high share of sudadrad an increased mean building cost per
.

The amount of manure storage influenced the cocttrucosts per m(Paper II1). In many
barns there was just a short term storage includede building project while others had
quite big storages to take care of manure fromcatifaroomsEven though the results in
Paper IV showed that tower silos was associated lwgher labour input when adjusting only
for herd size, there were no significant variatiorthe final model when all other significant

explanatory variables were taken into account.

Using posts for supporting the main constructiors wapected to reduce building costs. The
figures in Paper Il did not support this assumptidypes of construction materials in floors
and roofs did neither not significantly affect tbenstruction costs. A number of different
materials were used, and it seems not to be obwedush materials that are the most
preferable. Geographically conditions may have cadfg this result. According to Paper lli
the construction costs were significantly lowertypical husbandry regions, and there were

correlation between regions and main constructi@enal. A similar situation was much
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earlier described by Albright (1964). Cost competihess and competence might be the
reason for this variation, and may also have agfittypes of materials used.

According to previous studies, initial building t®svere expected to be slightly lower for
uninsulated barns (Berg, 1995; Sallvik, 2003). Asculssed in Paper Il no significant
difference in total building costs between insudadé@d uninsulated barns was found, probably
because uninsulated buildings were very similainsoillated buildings. Often they had quite
expensive controlled natural ventilation, and irmsthey did not have significantly lower
costs. More open buildings would probably have ltedun lower costs (Simon et al., 2007).
The milk yield was lower in cold buildings with ne#l ventilation (Paper Il). Considering the
low LCT (Lower Critical Temperature) for high yietd) dairy cows (Young, 1981) this
finding was unexpected. Comparable production tesual cold buildings have earlier been
found (Z&ahner et al., 2004). It is reasonable sua® that the result presented in Paper Il is
influenced by other conditions on these farms Wte not analyzed in the paper. Examples

are management routines, feeding systems etc.

Farmers own effort during the building process dbuated to reduced costs. However, the
calculated value of this work was just 50 % of #wtual salary scale for farm work in
Norway. It must be taken into account that farntetsnot have to pay tax for their own effort
as they have to for employed work. Furthermoreseatginvolvement in the building process
might be unprofitable if the farm production is fewing. Aschan and Stockzelius (1997)
stated that many farmers experienced reduced nald guring the building process. In sum,
farmers must consider the alternative value foirtbgvn effort in the building process;
whether they go for employed work outside the faymif they decide to prioritize the

ordinary farm work.

Labour efficiency

In addition to explanatory variables for the vaaatin labour input described above, it was
interestingly to observe the effects of farmersitade toward animals, and the cleanliness
score of cows (Paper IV). Farmers who disagreehe dtatement “animals experience
physical pain as humans do” had a weak tendenspéad less time on the dairy work. This
might reflect the interests of the farmers and hbey prioritize their work. However, the

volume of the work does not necessarily reflectdbality. Furthermore herds with cleaner
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cows tended to be associated with a higher requamedur input. Proper cleaning and
provision of sawdust in cubicles takes additiommakt but will also contribute to cleaner cows
(Ruud et al., 2010).

Interestingly the required labour input per cow rdased by increased milk yield. It is

reasonable that farmers with high yielding herdsehanore focus on management and
efficient work. High yields are correlated with leg cows, which also will reduce the

required labour input.

M ethodological considerations

The studies done as basis for this thesis incluaelarge number of farms, and the
comprehensive field work needed was possible dimsenvork was part of the bigger project
“Freestall barns for dairy cattle”. In additiongthinique recording system for dairy herds in
Norway (NDHRS) made the analysis of correlationsveen building conditions and milk

yield possible.

An alternative approach to analysing effects ofiedént layouts is to study a limited number

of barns more thoroughly and include behaviounadiists in the analysis. However, access to
data as mentioned above gave us a unique oppgrtarstudy the topic by using quantitative

methods and statistical modelling.
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Concluding remarks

Space allocated for dairy cows in freestall baraises considerably and this variation has a
significant effect on initial building costs. Daigpws kept in freestall barns are affected by a
number of housing conditions. Low water trough catyalack of facilities for special needs
cows and layouts with dead end alleys all resultedecreased milk yield. Primiparous cows
seem to be more sensitive about reduced spacaistbm front of resources.

Decreased space allocation and required labout,immueased mechanization costs and milk
yield are all effects of installing AMS. This innaion is of particular interest in high cost
countries like in Scandinavia. However, the toteabreomy of investing in AMS is not

clarified.
The required labour input per cow decreased byeawing herd size, and was higher for

remodelled than for new barns. Building new or rdeiting facilities, building costs,

required labour input and animal welfare must besatered.

Practical application

Designing layouts for new or remodelled facilities dairy cows, abundant space allocated
for water troughs, pens for special needs cowscanssovers enough to avoid dead end alleys
must be considered. By including these facilitiesan optimal way, the total cow area and
building costs will increase. Reducing space alloveafor important modules in the layout
must be avoided. Efforts for reducing building soshould rather be provided on keeping

construction costs low, probably including outdgards in the layout.

Remodelled barns in average demand more labout pgucow and a proper plan is needed
to achieve facilities that is not characterizeccbynpromises.
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Suggestions for further research

The present studies have revealed the importancersidering the different groups of cows
in a herd. Primiparous cows and different kindsspécial needs cows benefit from being
separated from the rest of the herd. Further reeaameeded to develop layouts and housing
conditions that make this possible in small heFdsxible pens for special needs cows is one
example. Using the technology from smart-gates umleg primiparous cows to their own

module in the barn is another example.
Furthermore design of alleys need to be studiedrder to examine behavioural effects of

different space allocated for alleys and crossovEne economy of investing in AMS under
different conditions also needs to be studied.
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Eratum

According to the version delivered for review, thigal version of the PhD-thesis is revised
on the following points:

Page 5 Rewritten sentence: Primiparous cows sebm maore sensitive about reduced
space allocated and access to resources.

Page 12 Rewritten sentence:  With feed stalls intfob the feed bunk (i.e. partitions
between adjacent coyusis effect was more pronounced, yet
feed stalls demand additional space (DeVries and vo
Keyserlingk, 2006).

Page 21 Rewritten sentence: Milk yield was higher for all parities for barnsing
maternity pens or pens for sick cows in accordantie
the recommendations.

Page 24 Rewritten sentence: One reason for thidt resght be that small farms have less
opportunity to invest in labour-saving mechanizatibte AMS
or automatic feeding.

Page 25 Figure 8 is added. Figure 8: A “dead end alley” was defined as a faésly or a

Figure text: freestall alley without crossovers in both endghwai minimum
length of 2.4 m and a width of less than 3 m.

Page 26 New figure number Figure number changed &do 9.

Page 28 Rewritten sentence: Results from Papaw #iat AMS barns in average allocated
approximately 1.0 fless space per cow for milking compared
to traditional milking parlours (including holdirgen, milking
parlour / automatic milking unit and return alley).

Page 29 New figure number Figure number changed &do 10.

Page 31 Rewritten sentence: Farmers own efforhguhie building process contributed to
reduced costs. However, the calculated value sfitlork was
just 50 % of the actual salary scale for farm wiorklorway.

Page 44-45 Added section Acknowledgement is added.
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Life can only be understood backwards; but it must be lived forwards.
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LAYOUTS AND SPACE ALLOCATION IN
NORWEGIAN FREESTALL DAIRY BARNS

G. Naess, K. E. Bge

ABSTRACT. The objectives of this article are to describe layouts and space allocation within Norwegian freestall dairy barns.
Layouts from 207 Norwegian freestall barns, 94 new and 113 rebuilt, constructed during 1995-2005, and with a mean of 42.0
*16.5 freestalls for lactating cows, were obtained and the areas dedicated for milking cows were analyzed. The mean total
cow area (TCA) was 8.37 * 1.09 m? per freestall, ranged from 5.88 to 12.61 m?, decreased with increased number of stalls,
and was higher for new buildings compared to rebuilt buildings. The mean freestall area was 2.78 + 0.18 m? per freestall
and represented 33.2% of the TCA. Both alley area and feed bunk space decreased with increasing number of freestall rows.
The mean alley area was 3.70 + 0.63 m? per freestall and represented 44.2% of the TCA. Widths of feed alleys (3.21 + 0.43
m) and freestall alleys (2.25 * 0.44 m) varied considerably, and a high proportion was below the American recommendations.
However, only a minor proportion was below the international recommendations. Barns with automatic milking systems
(AMS) had approximately 1.0 m? less milking area per freestall compared to barns with milking parlors. Nearly 25% of the
barns had no separation area for maternity and sick cows, and even 16% of new barns had no space for this important group
of cows. Increased herd size and choosing AMS over traditional parlors were structural factors that reduced building space.
However, in several barns, space was minimized by decreasing the alley widths and skipping the separation area, which is

absolutely not recommendable.
Keywords. Design, Freestall housing, Layout, Space.

airy cattle in small herds have traditionally been

housed in tie-stall barns, whereas farmers with

more than 80 to 100 cows generally have adopted

freestall housing (Graves, 1989). Even though the
building costs are lower for small tie-stall barns (Reichel,
2005), freestall barns are probably more labor efficient
(Boyd, 1969; Stahl et al., 1999) and are associated with im-
proved cow health (Ekesbo, 1966; Bakken et al., 1988). Milk
yield in freestall barns seems to be at the same level as in tie-
stall barns (Heizer et al., 1953; Konggaard, 1977) or some-
what lower (Simensen et al., 2007). In Scandinavia, a gradual
expansion of herd size by remodeling existing buildings to
freestalls and parlor systems has been common in order to
keep building costs low (Ekelund and Dolby, 1993). Howev-
er, the functionality of these facilities is questionable. Laza-
rus et al. (2003) argued that a more gradual expansion can
also offer attractive returns compared to more capital-
intensive new facilities.

Compact floor plans including covered systems with in-
door feeding (Graves, 1989) are used more often in colder re-
gions due to higher construction costs. According to Graves
(1989), there was a trend in the U.S. in the 1970s toward mini-
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mizing housing space per animal in an attempt to reduce
building costs, and this trend seemed to continue in Norway
in the 1980s. Minimizing space involves both reduced feed
and alley space and overcrowding (more than one cow per
freestall). When reducing space to a very low level, studies
show negative effects on productivity and behavior (feed
bunk space: Friend et al., 1977; DeVries et al., 2004; number
of freestalls per cow: Bowell et al., 2003; Fregonesi et al.,
2007; alley width: Henneberg et al., 1986). Recent recom-
mendations (Bickert et al., 2000; Graves, 2000; DLBR,
2005) suggest much more space than these levels. Except for
Wierenga et al. (1985), no documentation from controlled
studies demonstrates benefits in animal comfort or produc-
tivity with increased space. However, field observations indi-
cate that allowing more space is common in high-producing
herds (Graves, 1989).

The number of freestall rows along a feedline will influ-
ence the total area and the available feed bunk space per cow.
Housing designs with three rows of freestalls cut building
space per freestall and may therefore reduce building costs.
Such layouts do not allow all animals to be located or locked
up at the feed barrier at the same time. If animals are isolated
in the freestall row, then there are insufficient freestalls for all
cows compared to housing designs with two rows of tail-to-
tail freestalls (Graves, 2000). Freestall barn layouts seem to
have changed little over the 1980s and 1990s. However, the
introduction of robotic milking or automatic milking systems
(AMS) has had a great impact on layouts and the reduction
of space for milking during the 2000s (Rodenburg, 2004).

There are different groups of “special needs” cows that de-
mand specific attention and extra space (Graves et al., 2000).
A separation area should be designed for each particular pur-
pose, but in small herds some of the different cow groups
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might be consolidated (Kammel and Graves, 2007). The area
required for transition cows varies with the distribution in
calving time and herd size (Stone, 2000).

There are different approaches to optimize the utilization
of the layout. Some researchers have used algorithms and
neural network methods to simulate an optimized layout (Ha-
lachmi et al., 2002; Fernandez et al., 2006; Marco et al.,
2008), whereas others have studied the on-farm effects or
theoretical benefits of choosing particular building layouts
and configurations (Bewley et al., 2001).

The objectives of this article are to describe layouts and
space allocation within recently built or remodeled Norwe-
gian freestall dairy barns.

MATERIALS AND METHODS
THE HERDS

This study was part of a larger descriptive and cross-
sectional project on freestall housing. From a questionnaire
sent to all dairy advisers in Norway, a list of 2,400 presum-
ably known freestall-housed herds in Norway was obtained.
These farmers received a questionnaire covering several as-
pects of their freestall housing system. To be included in the
final study, farmers had to fulfill our inclusion criteria: volun-
teer to participate, have a herd size >20 standardized cow
years based on the year 2005 (cow year = number of days
from first calving to culling within one year, divided by 365),
and have a barn built in the years 1995 to 2005. As we expect
some housing systems to be common in the future, all barns
with AMS (n = 44), with solid concrete floors (n = 105), or
with rubber solid floors (r = 24) in the alleys were included
in the study barns. Traditionally, freestall barns in Norway
have been constructed with slatted floors, and such buildings
were only included if they were located in the same munici-
pality as farms mentioned above. The final database included
232 free-stalled dairy herds located all over Norway. Due to
missing information about floor plans, the final material in
this study included 207 herds.

OBSERVATIONS

During the period from September 2006 until May 2007,
all the barns were visited once by trained observers. Farmers
were asked to provide detailed drawings used during the
barn-building process. Approximately 80% of the farmers
were able to provide such drawings. On these farms, all the
main dimensions of the building were measured using an
electronic measuring device (Leica Disto type A3, 2006 ver-
sion, Leica Geosystems, St. Gallen, Switzerland) to ensure
that the drawings were correct. For the rest of the buildings,
dimensions for indoor length, width and height of the build-
ing, alleys, freestalls, pens etc., were measured using the
same electronic measuring device. For some of the freestall
rows along the outside wall, the head zone was combined
with a walkway, and it was necessary to define the maximum
length of the freestall. In this study that dimension was set to
be 2.8 m. In addition, photographs of the barns were taken
systematically, both inside and outside, using a digital cam-
era.

On the basis of the drawings, measurements, and pictures,
an accurate floor plan was created using the computer-aided
design software VectorWorks Architect (2007 version, Co-
lumbia, Md., Nemetschek North America, Inc.) for each

Total Cow Area
(TCA)

Free Restricted
Accessible Area (FARA) Area (REA)
I |_I_|
[ 1 1
Freestalls Alleys Feeding area Milking area Sepazla’;a;om
L Concentrate ||_| Separation
Open front Feed alley - Holding pen pen
|| |_|Milking parlor /]
Closed front Freestall alleys Feed stalls Milking Unit haternity pen
— Crossovers — Returnalley

Figure 1. Definition of different areas for lactating cows.

barn. The total cow area (TCA) in the barn was defined as the
area allocated for lactating cows excluding the feed table
(fig. 1), and this area was divided into free accessible area
(FAA) and restricted area (REA).

The FAA included freestalls, alleys (feed alley, freestall
alleys, and crossovers), and feeding area (concentrate feeders
and feed stalls). The feed alley was the alley closest to the
feed barrier, while freestall alley 1 was the first alley next to
the feed alley, and freestall alley 2 was farther away from the
feed alley. Feed stalls included the partitions that separate ad-
jacent cows while eating, as described by DeVries and von
Keyserlingk (2006). The REA included the milking area
(holding or collecting area, and milking parlor/automatic
milking unit, including support space and return alley) and
separation area (separation and maternity pens). The holding
area was the waiting area in front of the milking parlor or
milking unit. The separation pen was meant for isolating sick
cows, and the maternity pen was dedicated for the period
around calving and did not include dry cows (fig. 2). In addi-
tion, dead-end alleys were defined as feed alleys or freestall
alleys without crossovers in both ends, with a minimum
length of 2.4 m and a width of less than 3.0 m.

VectorWorks Architect includes a function that allows au-
tomatic calculation of the size (in m2) of the different areas
(freestalls, feeding area, alleys, milking area, and separation
area). Area data were exported to a spreadsheet for compre-
hensive analyses. In order to avoid an effect of management,
especially stocking density (number of cows per freestall),
the unit of measure presented in the analyses was m? per free-
stall. Hence, we assumed that there was one cow per freestall.

Statistical analyses were performed using SPSS (ver. 15
for Windows, Chicago, Ill.: SPSS, Inc.) One-way analysis of

Feed alley

Feed table |

Figure 2. Example of a freestall barn layout.
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variance was used for testing the effect of number of freestall
rows on alley area and crossover area, milking system on
milking area and alley area, and building type on separation
area. The Bonferroni test was used for testing differences be-
tween means. The Pearson correlation coefficient was used
for testing the correlation between the following variables:
TCA and number of freestalls, alley width and alley area,
crossover area and alley area, and feed bunk space and alley
area.

RESULTS

Ninety-four barns were new buildings (mean year of
building 2003), and 113 were rebuilt buildings (mean year of
rebuilding 2002). The mean number of freestalls for lactating
cows was 42.0 £16.5 (mean =SD) for all buildings, 47.3
+17.7 for new buildings, and 37.7 £14.0 for rebuilt build-
ings. The total cow area (TCA) varied from 5.88 to 12.61 m?
per freestall, and the free accessible area (FAA) varied from
4.83 to 8.91 m? per freestall (table 1). The mean number of
cows per freestall was 0.93 *=0.14. In 25.1% of the barns,
there was more than 1.0 cow per freestall, and in 74.9% there
was 1.0 or less. Generally, the TCA decreased with increasing
number of freestalls (r = -0.284, p < 0.01; fig. 3), and this was
more pronounced for new barns (n = 94, r = -0.446, p < 0.01)
than for rebuilt barns (n = 113, r = -0.317, p < 0.01).

The freestall area represented 33.2% of the TCA, and
there was only a minor variation between barns (table 1). As
the variation in stall width between stall partitions was quite
small (mean = 1.14 m, range = 1.05 to 1.20 m), the variation
in freestall area can mainly be explained by the variation in
freestall length. For stalls with closed fronts (against a wall)
the length ranged from 2.00 to 2.80 m, and for open front
stalls (in double rows) the length ranged from 1.90 to 2.60 m.

The feeding area represented only 2.0% of the TCA. The
majority of the barns (n = 189) did not have feed stalls, and
in these barns the mean feeding area was only 0.10 m? per
freestall, whereas the feeding area in barns with feed stalls
(n = 18) was 0.82 m? per freestall. Mean length of feed stalls
was 1.58 m. Twenty barns had neither feed stalls nor concen-
trate feeders, and consequently they had no feeding area at

Table 1. Distribution of the total cow area (TCA).

Size
(m? per Proportion Range

freestall, of TCA (m? per Cv

Areal?] mean +SD) (%) freestall) (%)

Freestalls 2.78 £0.18 33.2 2.32-3.27 6.5
Feeding area 0.17 £0.21 2.0 0.0-1.06 126.6
Alleys 3.70 £0.63 44.2 2.17-5.44 17.0
FAA 6.65 +0.68 79.5 4.83-8.91 10.2
Milking area 1.30 £0.63 15.5 0.21-4.04 48.6
Separation area 0.42 £0.37 5.0 0.0-1.93 87.6
REA 1.72 £0.72 20.5 0.33-5.34 42.0
TCA 8.37 £1.09 100.0 5.88-12.61 13.0

[a] FAA = free accessible area, and REA = restricted area.

all. Barns without feed stalls had wider feed alleys (mean =
3.21 m) compared to barns with feed stalls (mean = 2.63 m),
but the mean width of feed alleys and feed stalls added up to
4.21 m, which is actually 1.00 m wider than for barns without
feed stalls.

The alleys represented 44.2% of the TCA (range = 2.17 to
5.44 m? per freestall; table 1). Due to a large difference in
feed alley width between barns with and without feed stalls,
and because the number of barns with feed stalls was quite
small, these barns were excluded from further analysis of the
alleys.

Based on the freestall location, the barns were categorized
into four different groups (fig. 4). The alley area in barns with
freestalls parallel to the feed bunk oriented at one side of the
feed table (A in fig. 4; n = 109) was 3.71 +0.56 m?, while in
barns with freestalls oriented on both sides of the feed table
(B in fig. 4; n = 11) it was 3.82 £0.45 m?. For barns with free-
stalls in a separate section perpendicular to the feed bunk
(Cin fig. 4; n = 28) or in the end of the feed table (D in fig.
4; n = 11), the mean alley area per freestall was 3.75
+0.87 m?2 and 3.75 *+0.75 m?2, respectively. Thirty barns
could not be grouped into any of the defined categories. Ac-
cording to these figures, there was no effect of freestall loca-
tion on alley area. Freestall location A was typical for newly
built barns, while B, C, and D were typical for rebuilt barns.

Barns with one freestall row had less space for alley area,
but there was no significant difference between layouts with
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Figure 3. Total cow area (TCA) as a function of the number of freestalls (n = 207).
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Figure 4. Different location of freestalls: (A) parallel to the feed bunk ori-
ented at one side of the feed table, (B) parallel to the feed bunk oriented
at both sides of the feed table, (C) perpendicular to the feed bunk, and (D)
in the end of the feed table.

different numbers of freestall rows (table 2). However, looking
at new barns with freestall location A, three rows provided cows
significantly less space than two rows (3.58 m? vs. 4.05 m2, p
< 0.05), while there were no significant differences between two
and four rows or between three and four rows.

The mean feed alley width was 3.21 m, and it was only
marginally wider in new barns (table 3). The width of the feed
alley (r = 0.158, p < 0.05) and freestall alley 1 (r = 0.147, p
< 0.05) both contributed to a significant increase in alley area.
For the width of freestall alley 2, this was not the case.

In 58 (30.7%) of the buildings without feed stalls, the feed
alley width was less than 3.0 m. Freestall alley 1 was less than
2.0 m in 38 (21.1%) buildings and greater than 2.5 m in 28
(15.6%) buildings. For freestall alley 2, the corresponding
number of buildings was 15 (21.7%) and 5 (7.2%).

For new barns, farmers built crossover areas that nearly
doubled as the number of freestall rows increased from two
to three and four rows (table 4). However, an increase in
crossover area with increasing numbers of freestall rows was
not chosen by farmers rebuilding their barns.

The crossover area, expressed as a proportion of alley
area, increased with increasing number of stalls (n = 171, r =

Table 2. Alley area for barns with a different number of freestall rows.

Number of Freestall Rows

0.249, p < 0.01) and was greater for barns with location A lay-
outs (fig. 4) compared to locations C and D (p < 0.01). Cross-
over width was <1.00 m for 18.3% of the crossovers (typical
for one cow passage and gates in AMS), 19.7% were between
1.00 and 1.60 m, while 62.0% of the crossovers were >1.60 m
wide (designed for two or more cows). Forty-one percent of
the barns had waterers in the crossovers, and these crossovers
were generally wider than crossovers without waterers.

Barns with dead-end alleys had less alley area per free-
stall. Mean alley area per freestall was 3.89 +0.63 m? (n =
92) for barns with no dead-end alleys, while for barns with
one dead-end alley and two or more dead-end alleys, the
mean alley area per freestall was respectively 3.59 £0.55 m?
(n=47,p<0.01)and 3.60 £0.64 m? (n = 50, p < 0.05).

The mean linear feed bunk space was 0.59 m per freestall
(range = 0.26 to 1.05 m per freestall), and in 67.7% of the
barns it was less than 0.70 m per freestall. As the linear feed
bunk space increased, the size of the alley area increased sig-
nificantly (fig. 5), and this was more pronounced in new
buildings (r = 0.48, p < 0.001) than in rebuilt buildings (r =
0.40, p < 0.001). The feed bunk space decreased significantly
when the number of freestall rows increased from two to four
(n=174,1 = -0.394, p < 0.001).

The mean size of the milking area was 1.48 m? per free-
stall (range = 0.50 to 4.04) for milking parlors (n = 170) and
only 0.46 m? (range = 0.21 to 1.14) for AMS (n = 37). When
we compared AMS barns with equally sized barns with milk-
ing parlors, the difference was about the same (table 5). The
mean milking area was significantly larger (p < 0.05) in AMS
barns with free cow traffic (0.35 m? per freestall +0.10) than
in AMS barns with forced or semiforced cow traffic
(0.51 £0.22 m? per freestall). However, adding up alley area
and milking area, there was no significant difference (p >
0.10) between free cow traffic (4.04 £0.47 m? per freestall)
and forced or semiforced cow traffic (3.87 =0.40 m? per free-
stall).

The separation area represented only 5% of the TCA
(table 1). In 24.2% of all barns, and even in 16% of new barns,
there was no separation area. In barns with a separation area,
the mean size was 0.56 m? per freestall (range = 0.12 to
1.93 m? per freestall), which represented one 10 m? pen per

1 2 3 4 >5
All barns Table 4. M P
able 4. Mean crossover area for a
Number of barns (1) 3 59 70 45 12 different number of freestall rows. 2]
Mean alley area (m?2) 3.27 3.83 3.72 3.68 3.80 Number of Freestall R
$0.99 $0.69 0.58 20.61 2061 ummber of Treesta” Bows
New built barns, freestall location A 2 3 4 >5 Total
Number of barns (1) - 18 38 10 - All barns
Mean alley area (m2)2] - 405b 3.58a 3.71ab - Number of barns (1) 48 67 45 11 171
+0.65 1049 10.27 Crossover area / 7.13b  1098c 10.16¢c 6.55ab  9.40
[a] Means followed by different letters differ significantly (p < 0.05). alley area (%) 12.97 14.96 472 4316 4.63
Crossover area / 029ab 040c 038ac 025a 0.36
2
Table 3. Width of alleys in the free accessible area (FAA). freestall (m=) 1014 4020 4019 4012 40.18
Feed Freestall Freestall New barns
Alley Alley 1 Alley 2 Number of barns (n) 19 42 15 1 77
All barns Crossover area / 734a 1346b 1391b 1050 12.00
Number of barns (1) 189 180 69 alley area (%) *2.79 3.94 #411 £--  #455
Mean alley width (m) 3.21 2.25 212 Rebuilt barns
+0.43 +0.44 +0.30 Number of barns (7) 29 25 30 10 94
New built barns, freestall location A Crossover area / 7.00 6.82 8.28 6.16 7.27
Number of barns (1) 66 64 11 alley area (%) +3.12 +350 $3.84 +3.01 £3.48
Mean alley width (m) 3.26 2.26 2.34 [a] Means in the same row followed by different letters are significantly
10.28 10.25 10.23 different (p < 0.05).
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Figure 5. Mean alley area per freestall for different feed bunk space per freestall (n = 189).

Table 5. Milking area per freestall for two different milking systems.

Milking
Parlor AMS

All barns

Number of barns (1) 170 37

Mean milking area (m? per freestall) 1.48 £0.54 0.46 £0.20
Barns between 30 and 84 freestalls

Number of barns (1) 111 37

Mean milking area (m? per freestall) 1.43 £0.48 0.46 £0.20

18 cows. New barns had a significantly (p < 0.0001) larger
separation area per freestall (0.68 +0.38 m?) than rebuilt
barns (0.43 £0.18 m?).

DISCUSSION

The present study showed that there was a large variation
in the amount of space allocated for lactating cows in freestall
systems (5.9 to 12.6 m? per freestall). With increasing num-
ber of freestalls, i.e., increasing herd size, the total cow area
(TCA) decreased, especially in new buildings. Barns for
smaller herds are often rebuilt, usually in combination with
adding a new section. It is reasonable to assume that it is easi-
er to optimize the layout in new and larger buildings. Howev-
er, the TCA was generally larger for new barns than for rebuilt
barns, probably, and hopefully, because farmers were more
aware of the importance of adequate space when planning
new dairy facilities. This is in accordance with the trend
pointed out by Graves (1989) that new buildings tend to pro-
vide greater space.

As the variation in freestall width was quite small, the
variation in freestall area must be due to the variation in free-
stall length. Some of the freestalls were actually shorter than
the recommendations (Anderson, 2008), whereas the free-
stall length in some barns was extremely long because the
head space also functioned as a walkway for stockpersons.
Unless dimensions below the recommendations are chosen,
there is scarce potential for reducing TCA by minimizing the
freestall area. Concentrate feed dispensers occupied a rather
small area (0.1 m? per freestall), while barns with feed stalls
had a much larger feeding area (0.82 m? per freestall). Even
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though DeVries and von Keyserlingk (2006) reported that
feed stalls reduced the number of displacements at the feed
bunk, one cannot conclude that feed stalls justify the in-
creased building costs, especially since equivalent feed bunk
space without feed stalls reduced displacements almost simi-
larly.

In the present study alleys represented a major part of the
TCA (44.2%). The mean area was 3.7 m? per freestall, which
is more than Zeeb et al. (1988) defined as a minimum space
needed per cow for social distance and less than the Danish
recommendations for activity area of 4.0 m? per freestall
(DLBR, 2005). Limited space for animals has been shown to
lead to lower weight gain for cattle (Ingvartsen and Ander-
sen, 1993). To our knowledge, information on the effect on
milk production is scarce, even though high-producing herds
seem to be provided more space (Graves, 1989). Rather than
the total alley area, most recommendations are linked to the
width of alleys and crossovers, feed bunk space, etc. (Bickert
et al., 2000; Graves, 2000).

In new buildings, freestall sections were usually located
parallel to the feed bunk. Alternative locations did not affect
the alley area, and typical rebuilt barns did not differ from
new buildings. In agreement with Graves (1989), the mean
alley area was less for three rows than for two and four rows.
However, feed bunk space decreased with increasing number
of freestall rows, as also pointed out by other authors (Graves,
2000; Mentink and Cook, 2006). Generally, feed bunk space
increased as the mean alley area per freestall increased. For
67.7% of the barns, feed bunk space per freestall was less than
0.70 m, which is the recommended space for a typical 600 kg
Norwegian cow when access to feed is restricted (CIGR,
1994). Less space means that all animals could not eat simul-
taneously and might result in more competition at the feed
bunk (Huzzey et al., 2006; Mentink and Cook, 2006).

In the current study, the mean width of the feed alleys was
3.21 m, which corresponds quite well to the space needed for
two cows to pass each other behind another cow standing in
front of the feed bunk (Konggaard, 1982; CIGR, 1994) but
still quite narrow compared to American recommendations
(3.05 to 4.27 m; Bickert et al., 2000, Graves, 2000). More
critical was the fact that in 31% of the barns, the feed alley



width was below 3.0 m, although no research seems to docu-
ment the negative effect of narrow feed alleys. The mean
width of freestall alley 1 and freestall alley 2 was less than
recommended by Graves (2000) and DLBR (2005), even
though it was greater than the CIGR recommendations
(1994). However, 21% of the freestall alleys were less than
2.0 m wide. Henneberg et al. (1986) showed that two cows
passing each other with contact, cows yielding by entering a
freestall, and cows queuing in the alley increased when the
alley width was reduced from 2.00 to 1.60 m. These parame-
ters increased further when the alley width was reduced to
1.20 m. Milk yield was significantly reduced when the alley
width was reduced from 2.00 to 1.20 m.

Smith et al. (2000) emphasized that reducing the number
of crossovers limits the cows’ access to feed and water. In the
present study, the crossover area was greater for new build-
ings than for rebuilt buildings. Typical rebuilt buildings had
the freestalls located in a designated section, and hence the
need of crossovers was limited. Forty-seven percent of the
barns had layouts with one or more dead-end alleys, and gen-
erally these barns also had lower alley area per freestall.
Dead-end alleys allow a boss cow to control access and
should definitely be avoided (Graves, 2000).

In barns with AMS, the milking area was significantly less
than for barns with traditional milking parlors. This contrib-
utes to making AMS an interesting system for herd sizes that
match the capacity of a milking robot.

Maybe not surprisingly, but still alarming, was the fact
that nearly 25% of the barns had no space for separating ma-
ternity and sick cows. In addition, among the barns that had
such an area available, the size of this area was quite small.
According to Kammel and Graves (2007), it is easier to de-
sign and run a large-scale section for special needs cows in
larger herds, but in smaller herds there also must be a mini-
mum space for this very important part of the herd. In small
Norwegian herds, calving time is often concentrated; hence,
the special needs pens should be dimensioned for the number
of calvings expected in the busiest period.

CONCLUSIONS

The variation in total cow area (TCA) was considerable,
and there was more space allocated for cows in new buildings
compared to rebuilt buildings. The width and length of free-
stalls in most barns were in accordance with approved recom-
mendations; hence, unless dimensions below the
recommendations are chosen, the potential for saving space
is minimal. In general, increasing herd size and thereby the
number of freestalls and choosing AMS systems over tradi-
tional parlors were structural factors that reduced building
space. However, in several barns, space was saved by de-
creasing the alley widths and skipping the separation area,
which is absolutely not recommendable.
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ABSTRACT

Freestall housing for dairy cows has many diffelagibuts and the space allocated for cows
differs considerably. The objective of the presetudy was to investigate possible
associations between barn layout and milk yielddifferent parities in small dairy freestall
barns. Layouts of 204 Norwegian freestall barnsstrocted during the period from 1995-
2005, and with a mean herd size of 42.7 + 15.5 cowese obtained and merged with milk
yield data and calving interval, for each paritgn the Norwegian Milk Recording System
(NDHRS). The milk yield dataset contained 20,2Xfedent lactations from these 204 herds.
Both simple mixed models including the differenpkatory variables one by one together
with parity, calving interval and herd as randoreetf, and a final mixed model including all

significant explanatory variables, were created.

The final mixed model estimates show that only pramous cows benefit from increased
free space allocation. Milk yield was generally Hgg in automatic milking system (AMS)

barns compared to barns with milking parlors, it for primiparous cows. Milk yield was

higher for all parities for barns using separatipens in accordance with the
recommendations. Barns with two or more dead elegsahad lower milk yield compared to
layouts without dead end alleys.



Primiparous cows benefit from water troughs locafed easy access and respond by
increased milk yield. In 10 % of the barns the wateugh capacity was less than 47% of the
recommendations, and all parities benefit from sewaough capacity higher than this level.
Higher parities had increased milk yield when wdteugh capacity was more than 80 %.
Feed bunk space, number of freestall rows or thbation of freestalls had no significant

effect on the milk yield.

The present study show that increased space anwveg access to water is beneficial to
primiparous cows, whereas layouts without deadalleys and improved water capacity is

beneficial for all cows in freestall systems.

Keywords: Freestall housing, layout, milk yield, parity, laton

INTRODUCTION

Even in small dairy freestall barns, the spacewallice (rficow) may vary considerably
(Neess and Bge, 2010). Reducing the space will, oofrse, reduce the building costs
(Gazzarin and Hilty, 2002), but may also influemqeduction parameters negatively. Data
from other production animals like growing-finisginpigs (NCR-89 Committee on
Confinement Management of Swine, 1986; Brumm anlieMi1996), poultry (Dozier et al.,
2006), and cattle (Ingvartsen and Andersen, 199B)sleow that relevant production
parameters are impaired by reduced space allow#ise.for dairy heifers daily gain and
feed intake decreased with decreasing resting @fisher et al., 1997; Mogensen et al.,
1997). Data from dairy sheep (Caroprese et al.9p@bow that reducing the space also
caused a reduction in milk yield. For dairy cowse teffect of limited space is less well
documented. Fregonesi and Leaver (2002) did ndtdimy effect of reduced total space in
freestall systems, while Henneberg et al (1986hdoeduced milk yield when reducing alley
widths. Graves (1989) observed that herds withgh Imilk yield often seem to have larger
space per cow, and Simensen et al. (2010) fourtdntiila yield increased with increasing

herd sizes in small freestall dairy barns.

Unlike the rather uniform space provided for pragucanimals like pigs, sheep and poultry,
the freestall system is divided into separate af@alying (the freestalls), feeding, walking,
and milking. Recommendations for dimensions ofdtaks differ (CIGR, 1994; Bickert et



al., 2000; ASABE, 2006), though freestall dimensiseem to have no effect on behavior and
lying time (Tucker et al., 2004). Still, this vati@n in freestall dimensions has only a limited
effect on the total area allocated for cows (TCByerstocking (> one cow per freestall),
however, will certainly influence the area measuasdTCA. It may also have a negative
impact on the lying behavior of the cows by redgcihe lying time (Friend et al., 1977,
Fregonesi et al., 2007; Krawczel et al., 2008). diR@mendations for alley widths differ
(CIGR, 1994, Bickert et al., 2000; Graves, 2000)d alley widths do have a significant
impact on the TCA. However, only one scientificdstinas focused on the negative effects of
reduced alley width (Henneberg et al., 1986). Tigaoization of the alleys is important to
achieve optimal cow traffic and dead end alleysuthbe avoided (Smith et al., 2000).

Reducing feed bunk space has had a negative effefeteding behavior (Friend et al., 1977;
DeVries et al.,, 2004), especially for low rankedvso(Huzzey et al., 2006). In several
recommendations (CIGR, 1994; McFarland, 2000), ithportance of an adequate water
supply is pointed out. Cows are found to prefed &m drink more, from larger troughs
(Pinheiro Machado Filho et al., 2004; Teixeira &t 2006). However, documentation of
possible negative effects on milk yield from redhgcifeed bunk space or amount of water

supply is scarce.

The importance of separate areas for special needs cis emphasized in all
recommendations (Cook and Nordlund, 2004; Kammel @naves, 2007), but data from
Norwegian herds show that these areas often arenmed, or even not present (Naess and
Bage, 2010). It is most likely that the absenceuahsareas will influence milk production, but

no relevant data seem to exist.

Primiparous cows are found to benefit from sepag@uping from older animals by

increased feed intake and productivity (Krohn arm@h¢ggaard, 1979; Grant and Albright,

2001). Kjeestad and Myren (2001a; b) found that @pprately one third of the heifers

refused to use the freestalls for the first two keesfter being transferred to the lactating cow
group. However, separating primiparous cows isfemsible in small herds.

The aim of this study is to investigate possiblsoa@tions between barn layout and milk
yield for different parities in small dairy freetaarns.



MATERIALS AND METHODS

TheHerds

This study was part of a larger descriptive andsstgectional project on freestall housing.
Since we did not have a complete list over freebths in Norway, a questionnaire was sent
to all dairy advisors and a list of 2,400 farms wHsained. These farmers received a
guestionnaire covering several aspects of theisingusystem. To be included in the final
study, farmers had to fulfill our inclusion criterihave a freestall barn, volunteer to
participate, have a herd size > 20 standardizedyaans based on the year 2005 (cow year =
number of days from first calving to culling withome year, divided by 365), and have a
barn built in the years 1995 to 2005. As we exeche housing systems to be common in
the future, all barns with automatic milking syst¢AMS) (n = 44), with solid concrete
floors (n = 105), or rubber solid floors (n = 24)the alleys were included in the barns under
study. Traditionally freestall barns in Norway heheen constructed with slatted floors, and
such buildings were only included if they were k@chin the same municipality as the farms
mentioned above. The final database included 28@-dtalled dairy herds located all over
Norway. Three herds with the Jersey breed wereudrd, and 25 herds were excluded
because information about floor plans was missifige final material in this study thus
included 204 herds.

Observations on Barn Layout

During the period from September 2006 to May 200%ha barns were visited once by one
of five trained observers. In the training peribd individual observers registered at the same
farm. The figures and observations were compareddécussed in order to harmonize the
results. Farmers were asked to provide detailedvidgs used during the barn-building
process. Approximately 80% of the farmers were ablprovide such drawings. On these
farms all main dimensions of the building were noeed in order to be sure that the
drawings were correct. For the other buildingsrelévant dimensions for the layout were
measured during the field work. For more detaike dleess and Bge (2010). The layout
variables tested in the models are listed below. fEdher information about classes and
number of cases, see Table 1.



Layout Variables

Feed bunk space:

Milking system:

Insulation:

Ventilation:

Feed stalls:

Separation pens:

Number of freestall rows:

Freestall location:

Dead end alleys:

Separation of dry cows:
Water trough location:

Water trough capacity:

Length of feed bunk space pestélea the lactating cow

section.

Milking parlor (MP) or automatic tking system (AMS).
Insulated or not insulated buildings.

Natural ventilation (NV): With fixechiets and open ridge.
Controlled natural ventilation (CNV): Controllalldets in the
walls and outlets in the ridge.
Mechanical ventilation (MV): Controllable inlets@ifans.

Partitions between adjacent cowseafetd bunk (DeVries and
von Keyserlingk, 2006).

Pens for special needs cows (mgteows and cows with
health problems). To fulfill the criteria for indion in the study
there should be at least one 1®pan (CIGR, 1994) per 25 cows
(Bickert et al., 2000) and the pens should be a&tfical use.

Number of freestall rowshe lactating cow section.

Location of freestalls in redatto the feed table (feed bunk)
according to Naess and Bge (2010): one side oftédsd (OSF),
in an own separate section (OS) or combinatioh®{ladr
layouts, including freestalls oriented on both sidéthe feed
table).

Feed alleys or freestall alleybaut crossovers at the ends, and
with a minimum length of 2.4 m, and a width of I¢ésan 3.0 m.

Dry cows in a separate grou

Location of water trougtthe barn (crossovers, feedline etc).

Water trough capacity (WTC%. 100 % was set to be one
drinking bowl! per 8 cows or 10 cm accessible petémef a
water trough per cow (CIGR, 1994). WTC was divid#d five
hierarchic dummy variables with 10, 25, 50, 75 88d% of the
herds respectively.



Cow and Milk Yield Data

Milk yield data, parity and calving interval, foaeh individual lactation, was obtained from
the Norwegian Dairy Herd Recording System (NDHRS$téras et al., 2007). In Norway,
milk yields are weighed monthly on the farms anploréed to NDHRS. From these data a
pre-estimated 305-day milk yield exists in the date. This 305-day milk yield was derived
from lactations that started with a normal calvin@005, 2006 or 2007. All lactations with
less than 305 days-in-milk were deleted as wellatations with more than 450 days—in-
milk (considered to be abnormally long lactatiorid)e final dataset was also restricted to the
pure bred Norwegian Red Breed which is about 94 {f%he dairy cattle population in
Norway. The milk yield dataset comprised 20,22 Tedént lactations using 12,118 different
cows and 204 different herds.

Definitions of Variables Extracted from NDHRS

Milk yield Milk yield calculated for a 305 days-imilk lactation.
Calving interval Number of days between two calging
Parity Lactation number. Lactation four and moregevamerged into

one group in the analysis.

Herd size Mean number of cows in the barn (lactating and cws)
reported as standardized cow-year (the sum of nuofldays
from first calving to culling within one calendaear divided
by 365).

Free space allocation (FSA)Free space (in fh allocated per standardized cow-year,
including freestalls, alleys and crossovers (Naas$ Bage,
2010).

Models and Statistical Analyses

Statistical analyses were performed using “mixedle in SPSS 17 for Windows (SPSS,
Inc., Chicago, Ill.) with 305 days milk yield foraeh lactation as dependent variable. The
models were also run in SAS v 9.1 (Cary, NC). Adependent variable in the model both



parity and calving interval for that specific latid@ was forced into the model as these two
variables obviously have an impact on milk yieldld&ionally all relevant variable from the
design or the management of the free stall wasdiized into the model one by one. In all
models the herd identity was included as randoraceffo adjust for lactations within the

same herd being correlated or not independentadf etner.

The model building started with including one exurariable separately into the model

including parity, calving interval and herd as randeffect according to Dohoo et. al. (2003).

Equation 1:
Yi= Bo + Br*parityi+ Po*calving interval + Bs*X 1i + pnerdg) + €i

Where Y = 305-day milk yield in kg for individual lactatgpo = intercept 8, = fixed effect
of parity, B, = fixed effect of calving intervalps = fixed effect of the included separate
variable X pherdy = random effect on herd level containing thdaictation, and; = random

effect for I lactation.

The Aikake’s Information Criterion (AIC) and sigim&nce level were recorded for all these
models separately. Thereafter, a final model wassttacted using forward stepwise
procedure by including the additional fixed effeétthe variable which had the lowest and
most significant AIC level from the separate mogdeise by one. The starting model was
equation 1 including the variable which gave thedst AIC, and including the variables one
by one according to the AIC value from equatioifrdr. each variable the interaction between
parity and the fixed effect variable was also t@stethe model. All variables witha < 0.10
were tested by the forward stepwise procedureeither the newly introduced fixed effect
variable nor the interaction term with parity wagngicant, this variable was excluded from
the model. If the fixed effect was not significdmitt the interaction term was significant both
the fixed simple effect and the interaction ternrevacluded for further testing, including
more variables. At this point the significant leveds set aP < 0.05. The final model can

thus be expressed as:



Equation 2:

Yi= Po + Pi*parityi+ Bo*calving interval + Bs*(X 1) +....+ Bi*(X«i)+ Pa*parityi*X 1 + ... +
Bi*parity*X i + Uherd() + €i

Where the parameters in Equation 2 have the saramingein Equation 1 and

Bs*(X 1i) +....+ B*(X ki) = fixed effect of the included variableg;X.... X

Ba*parityi*X 1+ ... + Bi*parityi*X «i = interaction between parity and relevant. X... Xy

RESULTS

The 305 days milk yield was 6,778 kg in mean witBED of + 1,595 kg. Minimum and
maximum was 1,102 and 14,640 respectively. ThelteeBom the separate model, including
the different explanatory variables one by oneetbgr with parity, calving interval and herd
as random effect are presented in Table 1, togstitbrthe corresponding-values . The
result from the final model including all significafixed effect variables is presented in

Table 2, together with the correspondinrgalues.

The variables “calving interval” and “parity” wetecluded in all simple models and were
highly significant even in the final model (Tablg. 2nterestingly there were significant
interactions between parity and “free space allongt “milking system”, “ventilation”,
“water trough location” and “WTC < 80 % ” (Table.2)

Milk yield increased with increased herd size ia #imple model; however “herd size” was
excluded in the final model, &value > 0.05. Increased free space allocationetnd be
associated with higher milk yield in the simple rabdut in the final model the estimates
show that only primiparous cows benefit from inceshfree space allocation (Table 2).

In general there was no significant increase irkmield in herds with AMS. However,
taking into account the interaction with parity kylield was significant higher in AMS barns
compared to barns with milking parlors. Howeven, fisimiparous cows this effect was
negligible (Table 2) and not significant.



Table 1 Effect of housing conditions on milk yield. Resufrom simple mixed models where one fixed effect

variable is adjusted for parity, calving intervadarandom herd effect.

(* Mean herd size: 42.7 + 15.5 cows, range: 17892, Free space allocation: 7.94 + 1.78per cow, range:
3.5 -18.5, Feed bunk space: 0.56 + 0.16 m per wge: 0.26 — 1.05)

Variable name Class n Estimate Std. Error P-value

Herd size Continuous * 20221 8.84 3.49 0.01

Free space allocation Continuous 20221 43.86 25.90 0.09

Feed bunk space Continuous 20221 -307.50 311.42 3 0.3

Milking system AMS 3955 256.94 133.93 0.06
Milking parlor (MP) 16266 0.00

Insulation Insulated 17266 154.98 151.82 0.31
Not insulated 2955 0.00

Ventilation Controlled natural ventilation (CNV) 33 347.67 189.21 0.07
Mechanical ventilation (MV) 13245 138.41 143.18 340.
Natural ventilation (NV) 3403 0.00

Feed stalls Yes 2285 338.44 180.38 0.06
No 17936 0.00

Separation pens Guidelines not fulfilled 12122 -330 113.87 0.004
Missing 2443 -20.99 179.62 0.91
Guidelines fulfilled 5656 0.00

Number of freestall rows 1-2 rows 5721 -97.79 198.3 0.45
3 rows 6781 148.99 123.43 0.23
4 or more rows 7719 0.00

Freestall location Combinations 3894 -136.84 132.71 0.30
In an own section (OS) 3546 -111.97 135.31 0.41
One side of feed table (OSF) 12781 0.00

Dead end alleys One "dead end alley" 5233 16.04 5124 0.90
2 or more "dead end alleys" 4727 -323.62 123.85 010.
No "dead end alley" 10261 0.00

Separation of dry cows Yes 8081 183.82 106.32 0.09
No 12140 0.00

Water trough location At the feed bunk (FB) 1894 -12.28 184.64 0.95
In front of the first freestall row (FFR) 1912 38.8 198.20 0.85
In crossovers (CO) 4964 -70.54 142.22 0.62
Next to a wall (NTW) 5063 -257.86 137.49 0.06
Combinations 6388 0.00

Water trough capacity (WTC) WTC <47% 1832 -441.29 174.80 0.01
WTC > 47% 18389 0.00
WTC < 60% 4916 -171.14 119.41 0.15
WTC > 60% 15305 0.00
WTC < 80% 11425 -103.48 103.21 0.32
WTC > 80% 8796 0.00
WTC < 104% 16448 -221.05 122.07 0.07
WTC > 104% 3773 0.00
WTC < 133% 18733 -206.65 177.59 0.25
WTC > 133% 1488 0.00




Table 2 Estimates for milk yield for significant housirmgnditions in the final mixed model including 20122

different lactations from 204 herds.

Fixed effect Class Mean+SD n Estimate Std. Error  P-value
Intercept 20,221 4076.43 374.54 0.00
Parity Parity 1 8,171 -1935.09 167.75 0.00
Parity 2 5,583 -886.92 175.82 0.00
Parity 3 3,454 -369.43 193.62 0.06
Parity 4 and up 3,013 0.00 0.00
Calving interval (Days) 363.0+31.3 20,221 10.19  0.28 0.00
Free space allocation (FSAZftow) 7.94+1.78 20,221 -8.95 30.19 0.77
Parity=1 * FSA 8,171 37.79 15.68 0.02
Parity=2 * FSA 5,583 11.61 16.34 0.48
Parity=3 * FSA 3,454 16.56 17.97 0.36
Parity=4 * FSA 3,013 0.00 0.00
Milking system AMS 3,955 360.50 156.22 0.02
Milking parlor (MP) 16,266 0.00 0.00
Parity 1 * AMS 1,654 -321.85 73.92 0.00
Parity 2 * AMS 1,082 -16.14 78.30 0.84
Parity 3 * AMS 650 -47.60 86.27 0.58
Parity 4 * AMS 569 0.00 0.00
All parities * MP 16,266 0.00 0.00
Controlled Natural
Ventilation Ventilation (CNV) 3,573 632.86 198.35 0.00
Mechanical Ventilation (MV) 13,245 579.01 172.33 0.00
Natural Ventilation (NV) 3,403 0.00 0.00
Parity 1 * CNV 1,406 -310.15 92.73 0.00
Parity 1 * MV 5,317 -292.20 85.69 0.00
Parity 2 * CNV 968 -249.65 97.89 0.01
Parity 2 * MV 3,677 -160.80 90.19 0.07
Parity 3 * CNV 634 -198.56 106.77 0.06
Parity 3 * MV 2,245 -103.56 98.98 0.30
Parity 4 * All classes 3,013 0.00 0.00
All parities * NV 3,403 0.00 0.00
Separation pens Guidelines not fulfilled 12,122 0832 117.80 0.01
Missing 2,443 -137.59 181.16 0.45
Guidelines fulfilled 5,656 0.00 0.00
Dead end alleys One "dead end alley" 5,233 -41.13 125.09 0.74
2 or more "dead end alleys" 4,727 -360.25 127.05 0.01
No "dead end alley" 10,261 0.00 0.00
Water trough location (WTL) At the feed bunk (FB) 1,894 -43.76 206.28 0.83
In front of the first freestall
row (FFR) 1,912 26.27 213.43 0.90
In crossovers (CO) 4,964 -36.92 159.02 0.82
Next to a wall (NTW) 5,063 -45.92 156.56 0.77
Combinations (COMB) 6,388 0.00 0.00
757 10.92 106.23 0.92

Parity 1 * FB
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Parity 1 * FFR 760 252.26 102.29 0.01

Parity 1 * CO 2,000 -33.14 75.46 0.66

Parity 1 * NTW 2,043 -167.76 78.31 0.03

Parity 2 * FB 546 154.69 111.13 0.16

Parity 2 * FFR 543 174.97 107.43 0.10

Parity 2 * CO 1,337 99.19 79.91 0.21

Parity 2 * NTW 1,401 -95.21 82.66 0.25

Parity 3 *FB 335 98.06 121.53 0.42

Parity 3 * FFR 331 133.67 118.01 0.26

Parity 3 * CO 859 36.11 87.48 0.68

Parity 3 * NTW 851 -70.01 90.72 0.44

Parity 4 * All classes 3,013 0.00 0.00

All parities * COMB 6,388 0.00 0.00

Water trough capacity (WTC) WTC < 47% 1,832 -BU5. 183.77 0.08
WTC > 47% 18,389 0.00 0.00

Water trough capacity (WTC) WTC < 80% 11,425 -289. 113.05 0.04
WTC > 80% 8,796 0.00 0.00

Parity 1 * WTC < 80 % 4,582 200.68 54.27 0.00

Parity 2 * WTC < 80 % 3,132 137.05 57.18 0.02

Parity 3 * WTC < 80 % 1,973 107.66 62.78 0.09

Parity 4 * WTC < 80 % 1,738 0.00 0.00

All parities * WTC > 80 % 8,796 0.00 0.00

Random effects

Herd* 204 46,8185 50,092 <0.001

Random error 20221  1467,652 14,682 <0.001

*Random effect on herd level = 24.2 %

Milk yield was significantly higher in barns withonotrolled natural ventilation and
mechanical ventilation (insulated barns) compared natural ventilation (typical for
uninsulated barns, cold barns). The differencesnilk yield were more pronounced for

higher parities.

Feed bunk space had no significant effect on tHie yield. Barns with feed stalls tended to
have higher milk yield. However, this effect wast fiound to be significant in the final

model. Herds that kept dry cows together with l@egacows tended to produce less milk
compared to those in barns with a separate seittiadry cows, but this effect was not found

to be significant in the final model either.

Both in the simple and final models, and for altipes, the milk yield was higher for barns

using separation pens in accordance with the rea@ndations.
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Number of freestall rows and the location of fraélsthad no significant effect on the milk
yield. Barns with two or more dead end alleys hddveer milk yield compared to layouts
without dead end alleys. Layouts with one dead &l did not differ from those with no

dead end alleys in any of the models.

In the simple model location of water troughs nextthe wall tended to give lower milk

yield. The final model shows that only primiparat@vys produced less milk in barns with
water troughs located next to the wall. They alendiit from water troughs located in front
of the first freestall row. For all other paritidse location of water troughs had no effect on

milk yield.

In 10 % of the barns the water trough capacity Wess than 47% of the recommended
capacity, and here the milk yield was significaritlywer. Even in barns with less than 104 %
of the recommended water trough capacity the mah#dytended to be lower in the simple
model. According to the final model all paritiesneét from a water trough capacity higher
than 47% while only cows in higher parities ben&fim water trough capacity higher than
80 %.

DISCUSSION

The results from the present study show that grisiiparous cows, especially, that benefit
from increasing space and easy access to the bailitids (water, feed), and respond by
increased milk yield. This statement is supportgdbant and Albright (2001) who, in their
review, conclude that primiparous cows benefit fro@ing grouped separately by increased
feed intake and productivity. Krohn and Konggadt@70) quantified this increase in milk
yield to be 5 — 10%. However, in small herds, ppanous cows are often kept together with

lactating cows.

The generally higher milk yield in herds using AN&Ssupported by the conclusion in the
review article of Svennersten-Sjaunja and Pettar§2008). However, they also reported that
some studies have shown similar milk yield in hesith AMS and manual milking. In the

present study no increase in milk yield could benstor primiparous cows. Looking at all
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animals in the herd as a whole, this might be #ason why some studies have found similar
milk yield. Spolders et al. (2004) found that pp@wous cows visited the milking unit more
often than multiparous cows, but the increasedinglkrequency had no effect on milk yield.
Another statement that supports our findings i$ toavs of low social rank, as primiparous
cows often are, spend more time waiting in linerant of the milking unit (Melin et al.,
2006).

Several authors have reported reduced feedingwines the feed bunk space is reduced (e.g.
DeVries et al.,, 2004; Huzzey et al., 2006), but f€don (1999) observed that the cows
compensated by increased consumption rate whenbieekl space was reduced. This may
explain the findings of Friend et al. (1977), tha actual feed intake was not reduced until
the feed bunk space was less than 0.2 m per comeas linear feed bunk space was 0.59 m
(min. 0.26 m) per freestall (Neess and Bge, 201€harpresent study, even low ranked cows
seem to have had sufficient access to the feed.thlgince it is not surprising that feed bunk
space had no significant effect on milk yield.

The number of freestall rows will normally influenéeed bunk space per freestall (Mentink
and Cook, 2006). However, just as feed bunk spéee humber of freestall rows had no

effect on milk yield. Even though the location oddstalls in a separate section or in different
combinations has been found earlier to occur métenan typical rebuilt barns (Neess and

Bage, 2010), the location of freestalls alone haeffect on milk yield.

The results of Simensen et al. (2010), showingeimsed milk yield with increasing herd sizes
in small freestall dairy barns, may indicate aretiattion between group size and space
allowance. Seemingly this effect also occurredhm present study, but when adjusting for
other variables, the “herd size” effect disappeahei@restingly, Petherick et al. (1983) point
out that the need for space is greater in smaliggpand the same principle is actually laid
down in the European regulations for dry sows (EE@)1), where the unobstructed floor
area must be increased by 10% for groups of felar six pigs. Still, there seems to be no
scientific evidence to support this requirementrétation to pigs (Turner et al., 2003).
Nevertheless, Morrison et al. (1981) found groufpfve cattle to have less daily feed intake
than a group of ten cattle with the same spaceathal per animal.
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In the present study, one dead end alley had metedih the milk yield whereas two or more

dead end alleys resulted in decreased yield fquaaities. Cows seem to cope with one dead
end alley, probably because of the possibility ebiding these areas in the barn. This

supports recommendations that say that layouts dattd end alleys should be avoided
(Bickert et al., 2000; Smith et al., 2000).

The need for adequate space for cows with speerdisiis emphasized by several authors
(Cook and Nordlund, 2004; Kammel and Graves, 200Y)the present study there was

insufficient space for special needs cows, and nifarmgers reported that they did not make

use of these pens either. The present study irdid¢hat this is not good practice.

The present study shows that primiparous cows kenein water troughs located for easy
access on the first freestall row. This supporésfihdings of Brouk et al. (2003) that water
should be located for easy access and abundadlaiii, and those of Bickert et al. (2000)

that more space and more locations should be prdwehen primiparous cows are housed
with older cows. Water trough capacity below 47 #4h® recommended capacity was in
general associated with lower milk yield. For wateugh capacity below 80 %, milk yield

decreased with increasing parity number. Sufficigater supply is essential in the lactating
period (McFarland, 2000). Higher parities produaaenmilk, and seem to be more sensitive

to water access.

Lower milk yield in cold buildings with natural velation was unexpected. High yielding

dairy cows have low LCT (Lower Critical Temperafu&@oung, 1981) and comparable

production results in insulated and cold buildingsre earlier been found (Zahner et al.,
2004). Therefor it is reasonable to assume thatebelt in the present study is influenced by
other factors like management routines, simpleifegslystemstc. on these farms.
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CONCLUSIONS

In general, free space allocation has a limiteéatfbn milk yield, but primiparous cows
seem to benefit from increased space in smalltaédeerds. Layouts with two or more dead
end alleys are negative for milk yield whereas fbadk space, within the range of existing
recommendations, does not affect productivity. bfsgeparation pens for special needs cows
has a positive effect on milk yield. Milk yield isigher in herds with AMS, except for
primiparous cows. Easy access to water troughsmoitant for primiparous cows while

sufficient water trough capacity seem to be esakfui multiparous cows.
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ABSTRACT

On small dairy farms high investment costs mayyd&ie modernizing of facilities. The aim
of this study was to investigate the importanceecdnomics of scale in building costs of
barns compared to other sources of variation iriscdhe study includes 44 farms with a
mean herd size of 49.5 + 15.1 cows, built betwesar 999 and 2006 and with a mean total
area in the barns of 896 + 454.rBuilding cost data were obtained from farmers eraiged
with construction, mechanization and layout dadafthe same barns.

Plot of the data reveals that construction costsedesed up to approximately 1256 while
mechanization costs and total building costs deewaup to approximately 1000%mA
further increase in building area had only limieftect on the building costs pef.nModels
including explanatory variables showed that milkingd service area was significantly more
expensive than other areas. AMS-barns were allthegenot significantly more expensive
than other barns, since the increased mechanizatiehis offset by need for less milking
area. Farmers remodelling their barns were abtedtise a modernized building for a certain
herd size for a lower cost compared to a completely building. The value of own effort
varied considerably between projects, and in maases farmers will be able to find
alternative income sources with a higher hourlg tan the model predicts.

Keywords: Dairy cows, cubicle housing, layout, building t0s



1. INTRODUCTION

On small dairy farms, especially in cold climatgioms, high investment costs and lack of
investment capital may delay the modernizing oflitees (O'Donoghue et al., 1998; Lazarus
et al.,, 2003). Even though Tauer (2001), basedimualations of “best practice”, found that
many small farms had high production costs dueédficiency, newer buildings tend to be
more efficient (Stahl et al., 1999). Moreover, &rpuildings have lower investment costs per
cow (Hoglund and Albright, 1970; Gjerde, 1996; Gaaz and Hilty, 2002).

Researchers have been searching for low cost larn®any years (Achilles et al., 1974,
Gartung et al.,, 1983), and find that building laty@amd construction affect building costs
(Pereira et al., 2003; Fernandez et al., 2008)n8arcluding posts might be cheaper than
completely open rooms (Simon et al., 2007), andevs&pwise building possible (Bjerg and
Fog, 1985). Domestic regulations, material costsplir prices and building tradition might

also influence on building costs (Van Caenegemg3200

Uninsulated or open barns are shown to be sufficeeavoid high-yielding dairy cows from
overtaxing the thermoregulatory ability in coldnatite (Arave et al., 1994; Zahner et al.,
2004). Berg (1995) found that the potential for ugdg building costs by building
uninsulated dairy barns was scarce. However, mpea duildings (Simon et al., 2007) and
also more simple interior (Dolby and Ekelund, 199%ay reduce the building costs

considerably.

An extensive use of own work in the building pracesght reduce the cash expenditure (Van
Caenegem et al.,, 2004), but may also negativelgcafthe milk production during the
building period (Aschan and Stockzelius, 1997).

Pereira et al. (2005) found the costs of slattedrfl to be up to 40% higher than floors built
for tractor scrapers, and Gartung and Krentler 7198und the lowest costs manure handling
and storage system to be 50% of the most expeakammative. However, mechanization and
handling systems affect working conditions and atimwelfare in addition to building costs.
The mechanization of milking, for example, is notyoa question of minimizing costs (e.g.

Wagner et al., 2001; Hyde and Engel, 2002). Th@dhiction of the AMS (robotic milking)
2



during the last decade also has socio-economictsff@Vauters and Mathijs, 2004) by e.g.
giving a more flexible solution with respect to Wwmg hours and effects on the cows by

changed daily time budgets (Svennersten-Sjaunj@attiérsson, 2008).

An alternative to build new separate buildingsasremodel and expand present buildings.
Remodelled facilities may require lower investmebigt may also have poorer functionality
compared to new buildings (Ekelund and Dolby, 1¥38yley et al., 2001). Remodelling or a
more gradual expansion may also offer attractiverns compared to more capital-intensive

investments in new facilities (Lazarus et al., 2003

As mentioned above there are economics of scalecanstruction costs of barns.

Comprehensive variations in space allocation imydeibicle barns have earlier been found
(Neess and Bge, 2010). A well organized layout nmgrove animal welfare. However,

allocating more space for cows may also make iee&s achieve a good layout (e.g. width of
alleys: Henneberg et al., 1986). Thus, the buildiogts is also an important factor for
indentifying the investment costs associated witiprovements of animal welfare in new
buildings. The aim of this study is to investigéte importance of scale compared to other

sources of variation in building costs.

2. MATERIALS AND METHODS

2.1 Stuby FARMS

The present study includes 44 farms of a largecrges/e and cross-sectional project on
cubicle housing of 232 farms all over Norway (Sisemet al., 2010). Our inclusion criteria
in the present study were: volunteer to participatde to obtain building cost information
and clear delimitation of work included in the loinlg project. Mean herd size including
milking- and dry cows was 49.5 = 15.1 cows, randnogn 22 to 80 cows, and the barns were
built between year 1999 and 2006. Mean total arehe barns was 896 + 454 and ranged
from 235 to 1997 fm Remodelled buildings included many different latg and most of
these buildings had a new section in connectioh wiremodelled part. Table 1 shows the
number of barns with different housing conditionghe selection.



Table 1 - Conditions related to building type and onstruction in the present study.

Variable Class Number of herds % of herds
(n=44) (n=44)
Building type New building 29 66
Remodelled 15 34
Insulation Insulated 36 82
Uninsulated 8 18
Ventilation Mechanical 25 57
Natural 11 25
Natural controlled 8 18
Milking system AMS 10 23
Milking parlour 34 77
Floor construction Solid floor and scrapers 26 59
Slatted floor 18 41
Roof construction Open 35 80
With posts 9 20
Main construction material Steel 18 41
Wood / laminated wood 26 59
Service rooms on first floor No 31 70
Yes 13 30

As a part of the main project all herds were veiitence by trained observers during the
period from September 2006 until February 2008 .eBasn the drawings, measurements by
the observers, and pictures, the space allocatamoalculated for each barn. Different area
categories was defined according to their functiod expected construction costs (Table 2).

For more information about the layout see (NeesBare] 2010).

Table 2 - Definition of different kind of areas inthe building

Area Definition

Cow area Cubicles, alleys and crossovers for milking- and dry cows, space for

special needs cows and holding area for milking.

Milking area Milking parlour, return alley and milking room.
Replacement area Space for calves, heifers and bulls.

Feeding area Feeding table, driveway and feed mixing room.
“Man area” Walkways in the barn.

Service rooms Dressing room, office and technical rooms.
Total area The sum of all areas in the barn




The surface area of the superstructure (roof antsywaas computed. Divided by the total
area it is denoted “geometry”. Another source ofat@n between costs of building projects
may be the variation in manure storage capacitysTimanure storage” was calculated as
volume of the containers @nand expressed as’ istorage per frtotal area. Farms located in
the Norwegian counties of Rogaland and Trgndelag wkentified with the dummy variable
“husbandry regions”. These are regions with highensity of dairy farms and hence a higher

number of competent contractors.

2.2 BUILDING COST DATA

Farmers were asked to provide abstract of the atsofor building costs divided on
construction and mechanization costs. Constructiosts per m (COC) represented the
“building shell” including floor, walls and roof, @chanization costs per ?m(MEC)
represented interior and machinery, and total iglcosts per M(TBC) was the sum of
COC and MEC. The value of own effort was not inelddn the reported building costs.
Instead time sheets or estimates of own effort ihoti labour input) during the construction
period was obtained. A minimum of 300 hours ownkweas set to concern administration of
the building project. All prices in Norwegian cunogy (NOK) were transformed to Euro (€)
according to mean exchange rates (Norges Bank,)2@difusted by a construction cost index
(Statistics Norway, 2010) and reported as 2006epric

Footnote: Mean exchange rate for Norwegian kroMDK) against Euro (€) in 2006 was

8.05 (NorgesBank, 2010).

2.3 M ODELS AND STATISTICAL ANALYSIS

The plots in Fig. 2-4 suggest that for modellingerage costs for both COC and TBC, we
need a functional form that may provide a moreessIL-shaped average cost function with
respect to size. A simple model, with total costtfee building project as a linear function of
total area with a fixed factor independent of sl result in an average cost curve as a
function of one divided by total area (BmHowever, we also allow this “fixed” term to be a

function of the area of superstructure pér frhis factor “geometry” declined by increased
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total area and “geometry” and “total area” wer@sgyly correlated (r= -0.697, p < 0.001). A
new variable “GeoArea” which is defined below wa®ated for the modelling of the
declining average cost:

Geometry

GeoArea (GEA) = 1I]I]I]m_

Mean GEA was 2.27 + 2.20 pefand decreased with increasing herd size as shoWigil.

o
o

"GeoArea" (GEA)
b

T T T
0 500 1000 1500 2000
Total area (m2)

Fig. 1 - “GeoArea” (GEA) as a function of the totalarea.

Building costs also depend on the type of area.dxample, the cost per’rof the milking
area is substantially higher than the ordinary eb&ll area. Such variations are captured by
using the share of the area with the various tyfe®oms as explanatory variables. Other
sources of variation between farms where also ateduor as the amount of own effort and

volume of manure storage between building projects.

Initially, all variables were tested for correlatjcand one of two class variables was excluded
if Pearson r > + 0.5. In accordance with this, vheiable “ventilation” was excluded due to
correlation with “insulation” (r = -0.734), and “nmaconstruction material’ due to correlation
with “husbandry regions”(r = 0.581).

Statistical analyses were performed using Gendradr Model in SPSS 17 for Windows,
2009. The Pearson correlation coefficient was ufsedtesting the correlation between
variables before including them in the models, &émel Mann-Whitney U test was used
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comparing milking systems. The estimated modeld wiependent variable ;Yhad the

following form:
Yi= Bo + Bl GeOArea+ ZJ BJ d'J + Zk Bk Zk + @
Where GeoArea is a nonlinear function of size dseé above, grefers to dummy variables,

zc refers to values which are measured as amountuafsgneter of the total area, ang ¢he

random error.

Variables that were not relevant for the specifadel were excluded from the actual analyses
(COC, MEC and TBC). Variables with P-values > O2the models were excluded by
“backward elimination”. Which variables that wessted and included in the specific models

are summed up in Table 3.

Table 3 - Variables included in the specific models

E: Excluded from the beginning due to strong datien to other variables
N: Not relevant for the specific model

I: Included in the initial analysis and excludeder due to low significance
F: Included in the final model

Construction  Mechanization Total building
costs costs costs

Building type I F F
N I
Ventilation E E E
Milking system N F F

Variable name

Insulation |

Floor construction |

Roof construction | N

Main construction material E E E

Service rooms on first floor I N I
Milking area / M F I F
Feeding area /M I I
“Man area” / M I I
Service rooms / i F

“GeoArea” F F
Manure storage (fhnv) F

Husbandry regions F I F
Own effort (h / M) F | F

m [ M




3. RESULTS AND DISCUSSION

3.1 OBSERVED BUILDING COSTS

The plots of COC and MEC as functions of total aneggests that the costs peérwere
reduced by increased area up to approximately i#%hd 1000 rfrespectively (Fig. 2 and

3). However there were comprehensive variatiormih COC and MEC between farms of
similarly size (Fig. 2 and 3).
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Fig. 2 - Construction costs (COC) as a function dbtal area (€/nf)
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Fig. 3 - Mechanization costs (MEC) as a function dbtal area (€/nf)



The variation in mechanization level was most promm@d among remodelled barns, and
comparing new buildings (n=29) we found that thealtcarea had no effect on the
mechanization costs pefrfr = 0.02). However, the range was large (59.85.@ € / M) so

the mechanization level varied significantly alsnoag new buildings. Some of this variation
was due to AMS as shown in Fig. 3. Small farms daein quite high mechanization level in
the new section which often included the milkingtsyn and cubicles. Thus, the large share
of milking area in relation to the total area ifaator that explains some of the variant in cost
between smaller building projects. However, theegehtrend seems to be that farms with
larger herds substitute labour for capital inputces farms with lager herds seem to have a
higher degree of mechanization compared to buigling smaller herds. Also TBC decreased

rapidly up to approximately 1000°ras shown in Fig. 4.
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Fig. 4 - Total building costs (TBC) as a function ftotal area (€/m2)

Mean space allocation was 18.1 + 8.2par cow or 896.6 + 454.37for a mean sized barn
(49.5 cows). 1000firepresents in average space for 55.2 cows. HoglnddAlbright (1970)
reported lowest costs for cubicle barns for 60 orancows which is about the same as we
found many years later. Gazzarin and Hilty (2002 wlated savings equivalent to 1 % for
each extra cow in the range from 35 to 55 cowsenttie reduction was smaller for larger
barns. The present study showed the same effelctandecrease in TBC on 1.05 % for each
extra cow in the corresponding range from 35 t@®bs (634 to 1000 th (Fig. 4). TBC was



much higher for some of the smallest barns. Soméedge barns had a high amount of

relative expensive areas like milking area andiserrooms.

None of the variables concerning building consiauctvere significant factors in explaining
the variation in costs perof the building projects. Uninsulated buildingsre/@xpected to
be only slightly less expensive according to Ber§96) and Sallvik (2003). In the present
study there was no significant difference in TBCQween insulated and not insulated
buildings. There was just one uninsulated, remedebuilding. However, comparing new
buildings (n=29) there was no difference in TBCwan these groups. In the present study
the uninsulated buildings were very much alike fad buildings. Often they had quite
expensive controlled natural ventilation, and irmsthey did not have significantly lower
costs. More open buildings might be less experass/&imon et al. (2007) have stated. Main
construction material was neither not a signifioexplanatory variable. However, uninsulated
buildings with steel construction tended to be gsensive.

In addition to the TBC reported in Fig. 4, the meam effort in the building projects was
3.65 + 2.90 hours / mand ranged from 0.15 — 10.96. The amount of oviorteper nf
seemed to be higher for remodelled barns (4.1942 Bours / f) compared to new barns
(3.37 + 2.62 hours / fhbut this effect was not significant.

3.2 MODEL RESULTS
Models including the explanatory variables and pat@r estimates for COC, MEC and TBC are

shown in Table 4. Adjusted”’Ror COC, MEC and TBC were 0.788, 0.463 and 0.8&pectively.
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Table 4 - Parameter estimates, standard error andignificance level of the parameter estimates for

average construction costs (COC), mechanization ds{MEC), and total building costs (TBC) (€ / m).

CcocC MEC TBC

Variable Class Estimate:p (SE) P-value  Estimate:p (SE) P-value  Estimate:p (SE) P-value
Intercept 2445 (32.7) <0.001 127.0 (17.7) <0.00 338.3(50.2) <0.001
"GeoArea” Continuous 44.7 (6.1) <0.001 13.3(5.9) <0.030 48.5(10.0) <0.001
Building type Remodelled 68.9 (26.1) 0.012 104@.1)

New

building 0.0(-) 0.0(-)
Husbandry regions Yes -55.9 (24.4) 0.027 -640758 0.041

No 0.0(-) 0.0(-)
Milking area / m2 Continuous 726.7 (271.6) 0.011 1255.9 (390.0) 0.003
Service area / m2 Continuous 1199.6 (345.0) 0.001 1094.4 (433.3) 0.016
Milking system AMS 59.0 (24.3) 0.020 81.2 (41.9)

Milking

parlour 0.0(-) 0.0(-)
Manure storage (m3 /m2) Continuous 29.5(9.7) 0.004 31.3(12.3) 0.016
Own effort (h / m2) Continuous -10.5 (5.0) 0.043 -8.9 (6.2) 0.163

According to the models in Table 4 an increaser@ onit in “GeoArea” (GEA) represented
an increase in COC of 44.7 € f.iThe GEA had only a minor effect on the MEC (18.8
m?) and the parameter estimate for TBC was of 48.5r€, not much higher than for COC.
Smaller buildings have a larger building shell @ation to the total floor area compared to
larger buildings, and this factor may help expldie comprehensive variation in average cost

due to change in size. This effect can be illusttdty two examples:
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Example 1: Keeping the size and shape of the femmrstant on 25 x 40 m (1000%m
increasing the height of walls from 3.0 to 5.0 nd #me roof angle from 20 to 30 degrees, the
GEA increased with 0.36. This represented 17.in€dr 3.1 % of TBC.

Example 2: Keeping the wall height and roof angnstant on 4 m and 25 degrees,
increasing the area from 800 to 1208 (80 x 40 m to 25 x 48 m), the GEA decreased with
0.87. This represented 41.3 €7 a1 7.4 % of mean TBC (100)m

MEC and TBC were significant lower for new buildihngompared to remodelled buildings
while COC was quite similar between the two groupewever, looking at TBC, there was
no difference between the groups when comparing pBC*cow unit” (Table 5). A “cow-
unit” expressed the theoretical capacity for comvehe building, where space for replacement

animals were converted into space for cows usiagnban space allocated for milking cows.

Table 5 - Building costs for new and remodelled bldings (mean + SD)

Costs €/ m? Costs € / cow unit
n Mean m? CcOoC MEC TBC CcOoC MEC TBC
New 29 | 1088 +397 404 + 85 163 + 45 567 + 85 5139 +£+1510 2085 + 537 7224 + 1649

Remodelled | 15 | 526 +310 | 556 +214 | 274+92 | 830+ 250 | 4762 +1988 | 2428 +1010 | 7190 + 2689

coc:Construction costs perfmec: Mechanization costs per’nsc: Total building costs per

Farmers including existing rooms in the buildingjpct were able to realise a modernized
building of a certain size for a lower cost complat@ a completely new building. However,

according to Bewley et al. (2001) and Ekelund aradb (1993), they must expect lower

functionality compared to new buildings.

The share of the area used as milking area andceamoms varied among the farms, and
were the only areas that significantly differednfreahe mean in COC and TBC. For MEC
there was no difference. Mean milking area as pfitie total area was 8.8 + 4.9 %. Milking
areas included a complex construction, often witbugace of tiles, and were expensive.
Mean service room area as part of the total areadn@a+ 3.5 % and had a significant effect
on both COC and TBC. In 13 barns there was officetber service rooms on first floor. We

expected rooms on first floor to be less expengveonstruct since the building shell already
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was there, and the results showed no significdiférdnce in COC or TBC between barns

with and without rooms on first floor.

According to Table 4, AMS and increased milkingaatef contributed to a higher MEC and
TBC. Among new buildings (n=29), buildings with AMB8=6) had less COC (p = 0.005) and
higher MEC (p = 0.007) compared to buildings witilking parlour (n=23). TBC was not
significantly different between these groups (p.2)0Mean COC and MEC in barns with
milking parlour (1045 + 393 fhwas 416.1 + 82.9 € /and 148.7 + 38.6 € / Tmespectively.
Similar for barns with AMS (1253 + 4019rthe figures were 357.4 + 81.3 €7 end 218.9 +
13.3 € / M. Even though AMS is expensive to install, the sgsiin milking area seem to
compensate for almost all the extra initial coktbas earlier been stated that barns with AMS
allocated approximately 1 9mess space per cow for milking area compared tasbwith
milking parlour (Naess and Bge, 2010). It should &ls taken into account that economic life
time is shorter for machinery compared to consioast and maintenance requirements for
AMS systems is expected to be higher compared thingi parlours because the level of
technology is higher (Svennersten-Sjaunja and Rstia, 2008).

The models suggest that COC and therefore also WBf& lower in husbandry regions

compared to the rest of the country. Within huslbgmédgions, and also within other regions,
COC and TBC were quite similar. A small numberarhis in the north had higher TBC than
in other regions outside husbandry regions. Costpatitiveness and competence might be
the reason for this variation. The MEC did not elifbetween different parts of the country.
Farm equipment companies operate all over the cpamd the prices seem to be more or
less the same in different regions.

The amount of manure storage influenced on COCT&@M. Mean manure storage among
barns including such storage (n=30) was 1.57 + ln¥B” and decreased by increasing total
area (r = -0.495, p = 0.005). The large SD is @rpth by the fact that many barns just had a
short term storage included in the building projebile others had quite big storages to take

care of manure from adjacent rooms.

The value of own effort in the TBC model was 8.88€ This is about 50 % of the actual
salary scale for farm work in Norway (NILF, 200%).the COC model it was slightly higher
13



(9.04 € / h) while it in the MEC model was not sigrant. Even though these figures are
uncertain, and suitable alternative jobs not alwanes available, they call attention to how
farmers should prioritize their own work during theilding process. Aschan and Stockzelius
(1997) demonstrated that many farmers experieneddced milk yield during the building

process. Great involvement in the building procegsght be unprofitable if the production is

suffering. However, a careful planning of the pobjeeduced costs compared to projects with
shorter planning period (Aschan and Stockzeliu8,7).9and made it clearer which part of the
building process that gave the best possibilitsréducing building costs by increasing the
own effort (Van Caenegem et al., 2004). Cooperdangs might have more available labour
resources for own effort, and in the present stdyy of the cooperating farms had a high

amount of own effort in the building process.

4. CONCLUSIONS

The total building costs per?{TBC) decreased up to approximately 1000 wich in
average represents a barn for 55 cows. Milking- sexVice area was significantly more
expensive than other areas. AMS-barns were allthegenot significantly more expensive
than other barns to build, since the increased amezéation cost is offset by less need for
milking area. Remodelled barns were in general lemahd the TBC was higher than for new
barns. However, farmers remodelling their barnsewadsle to realise a modernized building
for a certain herd size for a lower cost comparedat completely new building. A
comprehensive variation of TBC between barns oflarig size, not explained by building
conditions examined in this study, indicate thahagement during the construction period

also is important for the TBC.
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Abstract

When investing in new, or remodelling existing fiieis for dairy cows, the functionality of
the facilities, and the labour input required mbst considered in addition to the initial
building costs. The aim of this study was to iniggge the labour input required for dairy
work in different herd sizes, layouts and mechaimnalevels in small dairy cubicle barns.
Layouts from 201 cubicle-stalled dairy herds witim@an herd size of 38.0 + 14.5 (range 17.6
— 80.2) cows located all over Norway were obtaindte data was merged with data for the
daily labour input required for the winter seastdsing General Linear Model (GLM) in
SPSS, we created both simple statistical modeladirgy the different explanatory variables
one by one together with herd size, and a final ehaacluding all significant explanatory
variables. The required labour input per cow desgdaby increased herd size, up to
approximately 60 cows. Barns with AMS had the sas@mated labour input per cow
independent of herd size. For herds with milkinglqas the estimated need of labour
decreased by increasing herd size from 20 to 8G.cd¥we estimate of required labour input
was higher for rebuilt barns up to a herd size ®fc8ws. The comprehensive variation in
labour input indicates that optimizing building ¢ay, developing good management routines

and proper mechanization levels, would consideredalyce the required amount of labour.

Keywords: Cubicle housing, layout, labour input



1 Introduction

Many studies have focused on initial building castslairy housing (Gartung et al., 1983;

Gazzarin and Hilty, 2002; Pereira et al., 2003) acdnomies of scale have been stafaen

in small dairy cubicle barns, the space allowams@opw) may vary considerably (Neess and
Bge, 2010) and thus affect the initial building tsogiowever, a proper barn layout may

reduce the required labour input without high costs increased mechanization level will

also reduce the required labour input and probatdsease the profit levels, yet often to a
higher cost (Hoglund and Albright, 1970; Karsze30®. Even though farmers seem to have
a strong preference to maintain dairy productipecglly on family farms where most of the

work is done by the family themselves, a minimuroome is necessary to keep them in

business (Lips and Gazzarin, 2008).

The daily dairy work can be divided into milkingeefding, cleaning and other work /
management (Hedlund, 2008). Total required laboputi per cow varies considerably but
seems to constitute about 30-50 hours per cow guar fpr a 80-100 cow herd, and decreases
by increasing herd size (Auernhammer, 1990; Hedl@0@8). The required labour input per
cow has gradually been reduced the last 50 yeazdl@iHd, 2008), as illustrated by Nygaard
(1977) who in the 1960’s found the labour inpub#&63 hours per cow-unit and year in small

tie-stall barns.

Simulations of efficiency on dairy farms based best practice” have shown that many small
farms had high production costs due to inefficawtlities or working routines (Tauer, 2001).
Larger farms are early adopters of technology aedefit more from labour-saving
technologies (O’Brien et al., 2007). Bewley et (@001b) reported that farmers who built
completely new facilities observed higher produtt@nd greater labour efficiency compared

to farmers who modified their existing facilities.

Traditional milking is the most time-consuming pafthe work and constitutes about 50 — 70
% of the work in cubicle housing (Hoglund, 1973;eAnhammer, 1990; Hedlund, 2008).

With AMS the required labour input is expected ® dignificantly lower (Schon, 2000;
Hedlund, 2008), and influences the time schedutetle farmer as well (Wauters and

Mathijs, 2004). Automatic feeding systems and marsarapers are technical innovations that
2



are expected to reduce the required labour inghit i8 illustrated by a reduction in required
labour input for feeding from 30% in the 1960’s @&ard, 1977) to 13 % in the 2000’s
(Hedlund, 2008). A properly designed section foecspl needs cows will also simplify the
work with maternity cows and cows with health peht (Kammel and Graves, 2007).
Finally farmers’ attitude towards animals may iefhce the human-animal interaction and the
time spent for animal care (Kielland et al., 2010).

The aim of this study is to investigate the requiiiour input for dairy work under different

herd sizes, layouts and mechanization levels irfllstagy cubicle barns.

2 Materials and methods

2.1 The herds

This study was part of a larger descriptive andssfgectional project on cubicle housing.
From a questionnaire sent to all dairy advisefdanway, we obtained a list of 2,400 cubicle-
housed herds in Norway. These farmers receivedeatigmnaire covering several aspects of
their cubicle housing system. To be included in fihal study, farmers had to meet our
inclusion criteria; volunteer to participate, havlerd size > 20 standardized cow years based
on the year 2005 (cow year = number of days frast ialving to culling within one year,
divided by 365), and have a barn built in the yd#35 to 2005. As we expect some housing
systems to be common in the future, all barns WS (n = 44), with solid concrete floors
(n = 105) or rubber solid floors (n = 24) in thdegs were included in the study barns.
Traditionally cubicle barns in Norway have been staucted with slatted floors and such
buildings were only included if they were locatadhe same municipality as farms that met
the criteria mentioned above. The final databaskided 201 free-stalled dairy herds located

all over Norway.

2.2 Herd size and milk yield

The number of cows (herd size) on each farm wasebed from the Norwegian Dairy Herd
Recording System (NDHRS) for the year of visit. Meaimber of cows in the barn (lactating
and dry cows) was reported as standardized cow{ylearsum of number of days from first
calving to culling within one calendar year dividey 365). Mean herd size for the whole
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dataset (n = 201) was 38.0 + 14.5 cows (range1B8®.2). For new buildings (n = 92) it was
41.8 + 15.3 cows and for remodelled buildings (108) it was 34.8 + 13.1 cows.

Mean milk yield on each farm was also extractedhftfdDHRS. In the analysis milk yield is

reported in 1000 litre per milking cow.

2.3 Observations regarding barn layout

During the period of September 2006-May 2007, fal barns were visited once by trained
observers. Farmers were asked to provide detai@dinlgs used during the barn-building
process. Approximately 80% of the farmers were abl@rovide such drawings. On these
farms all main dimensions of the building were nueed in order to assure that the drawings
were correct. For the rest of the buildings allevaht dimensions for the layout were
measured during the visit. For more details sees@N@ad Bge, 2010). Layout variables tested
in the statistical models are listed below. FotHar information about classes and number of

cases see Table 1.

Replacement:
Building type:
Building form:
Milking system:

Alley floor type:

Number of cubicle rows:

Cubicle location:

Separation of dry cows:
Separation pens:

Roughage feeding:

Roughage store:

Replacement area per cofico)
New vs. remodelled facilities.
Number of wings on the barn.
Milking parlour or automatic milkgnsystem (AMS).
Solid or slatted flooring
Number of cubicle rowshe factating cow section.

Location of cubicles in relatitmthe feed table according to
Neess and Bge (2010). One side of feed table, anansection
or combinations (all other layouts, including cuégcoriented
on both sides of the feed table).

Dry cows in a separate grou

Separation pens available ne@ethéor lactating cows.

Method for roughage feeding. MbAhandling, feeder, tractor
with feeder/ feeder mixer wagon, or other handhmgthods.

Method for storing roughage. Rduaels, tower silo,

horizontal silo, and other storing methods.



2.4 Labour input data

The farms included in the study were typical fanfdyms or cooperation of 2 - 5 families,
where the owners did the main part of the work thedaes. The dairy work during the winter
period is normally characterized by standard pracesi During the visit, the farmers were all
asked to estimate regular daily input of workinguitso (in number of minutes per day)
throughout a normal day during the indoor feediegiqu with all animals in the barn (no

grazing animals). Time used for building and tecahmaintenance was not included.

Finally the labour input was merged with herd sgasa and calculated as minutes per

standardized cow year per day.

2.5 Cleanliness score

On each farm, 10 cows were randomly selected anadinfactating cows and scored for
cleanliness on both sides of udder, belly, legthaigh in addition to the rear part using a four-
grade scale: 1) clean, 2) some dirt, 3) dirty, prvdry dirty with caked-on dirt. A total
cleanliness score for each cow was then calculasetthe sum of scores for each body part.
Finally, a mean score for every herd was calculafed further information see Ruud et al.
(2010).

2.6 Farmer's attitude

As a part of the main project an own survey regeydarmers’ empathy and attitude toward
animals was carried out (see Kielland et al., 200®e part of that survey assessed farmers’
attitudes towards animals in pain. On the basihefanswers, the farmers were categorized
into two groups according to their agreement oaglsement with the attitude statement:

“animals experience physical pain as humans do.”

2.7 Models and statistical analyses

Statistical analyses were performed using “Generaar Model” in SPSS 17 for Windows

(Chicago, lll.: SPSS, Inc). Pearson correlationffiment was used for testing the correlation
between herd size and labour input. The requireduainput was expected to differ between
different herd sizes (Fig. 1). Hence, the modeldinyg started with including one extra

variable separately into the model including “hsizk”.



Equation 1:
Yi= Bo + B1* Ln(herd size)+ B*X 1 + &
Where ¥ = labour input (min / cow *dayfo = interceptf; = fixed effect of Ln(herd size),

B2 = fixed effect of the included separate variable Xnds; = random error.

Finally, a model including all variables that camtited to a higher adjusted R square for the
separate models (p < 0.1) was created by backwiardnation. If the interaction term
between the variable and Ln (milk yield) was siguaifit (p < 0.05), both the variable and the
interaction term were tested in the final modele Tinal model can thus be expressed as:

Equation 2:

Yi= Bo + B1* Ln(herd size)+ B2*X 1; +....+ B*(X ki) )+ Ps* Ln(herd size)*X 1i+ ... +By*

Ln(herd size)*Xyi + &

Where the parameters in Equation 1 have the saraaingein Equation 2 and

B2*(X 1)) +....+ B*(X ki) = fixed effect of the included variableg;X.... X

Bs* Ln(herd size)*X 1i + ... + B¢* Ln(herd size)*X; = interaction between Ln(herd size) and

relevant X;...... Xi



3 Results

Mean labour input was 11.1 + 5.1 (min / cow *daydaanged from 1.40 to 33.9 (min /
cow*day) (Fig. 1).The labour input varied considerably between theddjeespecially in
small herds, and decreased by increasing herdrsize0.59, p < 0.001). The required labour

seems to decrease especially up to a herd sizgoddamately 60 cows.

e Minutes/ cow * day

——Trendline (min/cow * day)

Labour input (minutes / cow * day)
N
o

0 20 40 60 80 100

Herd size

Figure 1: Labour input (min / cow * day) for diffamt herd sizes.

In the further analysis, herd size is replaced by(herd size) according to the “L-shaped”
distribution of labour input as a function of heside (Fig. 1). The results from the separate
models, including the different explanatory varesbbne by one together with Ln (herd size),
are presented in Table 1, and the result from ithed fnodel including all significant fixed
effect variables is presented in Table 2, both r®tiegether with the correspondiriy

values.



Table 1: Estimated effects of housing conditions@quired labour input (min / cow *day).
Results from simple models were one fixed effeciadde is adjusted for Ln (herd size).
(Mean herd size: 38.0 + 14.5 cows, range: 17.6.2)30

Variable name Class n Estimate  Std. Error P-value

Milk yield / 1000 201 0.32 0.31 0.30

Replacement area frper cow)  0.00 24 -0.38 1.06 0.72
0.01 - 3.00 63 0.32 0.85 0.71
3.01-6.00 80 -0.49 0.82 0.55
> 6.00 34 0.00

Building type Remodelled 109 1.32 0.57 0.02
New building 92 0.00

Building form Rectangular 68 -1.30 0.67 0.06
2 wings 47 -0.60 0.72 0.41
> 2 wings 86 0.00

Milking system Milking parlour 166 2.83 0.82 <0.001
AMS 35 0.00

Floor type Solid floor 86 -0.17 0.59 0.77
Slatted floor 115 0.00

Number of cubicle rows 1-2 rows 62 1.87 0.69 0.01
4-5 rows 65 0.47 0.67 0.49
3 rows 74 0.00

Cubicle location Combinations 41 0.72 0.72 0.32
In an own section 38 -0.33 0.75 0.67
One side of feed table 122 0.00

Separation of dry cows No 128 -0.29 0.61 0.63
Yes 73 0.00

Separation pens No 59 1.57 0.64 0.01
Yes 142 0.00

Roughage feeding Manual 14 0.58 1.47 0.69
Tractor with feeder / feeder mixer wagon 62 -0.72 1.09 0.51
Feeder 108 -0.25 1.04 0.81
Others 17 0.00

Roughage store Round bales 43 1.32 0.76 0.08
Tower silo 37 1.82 0.80 0.02
Horizontal silo 27 0.77 0.90 0.39
Others 24 1.72 0.93 0.07
Missing 70 0.00

Cleanliness score 201 -0.18 0.10 0.07

Farmers’ attitude Indifferent 15 0.62 1.11 0.58
Missing 87 -1.29 0.62 0.04
Disagree 19 -1.21 1.01 0.23
Agree 80 0.00




Table 2: Estimates for required labour input fgn#icant housing conditions in the final
model (min / cow *day).

Fixed effect Class Mean + SD n Estimate Std. Error P-value
Intercept 201 -50.91 22.44 0.02
Ln (Herd size) 3.57 +£0.37 201 16.19 6.19 0.01
Milk yield / 1000 7.06 +0.92 201 8.40 2.88 <0.01
Milk yield / 1000 * Ln (Herd size) 201 -2.25 0.81 0.01
Building type Remodelled 109 13.80 5.33 0.01
New building 92 0.00
Remodelled * Ln (Herd size) 109 -3.75 1.48 0.01
New building * Ln (Herd size) 92 0.00
Milking system Milking parlour 166 23.47 10.55 0.03
AMS 35 0.00
Milking parlour * Ln (Herd size) 166 -5.38 2.70 0.05
AMS * Ln (Herd size) 35 0.00
Number of cubicle rows 1-2 rows 62 1.57 0.67 0.02
4-5 rows 65 0.63 0.65 0.34
3 rows 74 0.00
Separation pens No 59 0.85 0.61 0.17
Yes 142 0.00
Cleanliness score 158+2.8 201 -0.16 0.10 0.09
Farmers’ attitude Indifferent 15 0.08 1.04 0.94
Missing 87 -1.62 0.57 0.01
Disagree 19 -1.31 0.94 0.16
Agree 80 0.00

Remodelled barns with less than 39 cows had higdi®yur input compared to new barns
(Fig. 2). Remodelled barns often have more comjalgouts, and 68 % of the barns had more
than two wings while the equivalent figure for néarns was 13 %. Rectangular building
form tended to be associated with lower labour rgmumpared to layouts with two wings and

more in the simple model. However, this effect wassignificant in the final model.
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Figure 2: Model estimates of required labour inputemodelled and new barns.

Among the larger herds, many had invested in AM&aimherd size on AMS-farms: 53.2 +
12.4, range: 28.9 — 77.3 cows) and barns with AME kignificant lower labour input.
However, the estimated labour input per cow wasaifeicted by herd size in AMS barns.
Hence, the difference between milking parlours AMS is decreased by increasing herd size

(Table 2) as visualized in Fig. 3.
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Figure 3: Model estimates of required labour inputarns with milking parlours and AMS.
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Barn layouts with 1-2 cubicle rows had significgritigher labour input compared to 3-row
layout in the final model (Table 2). The locatiditlze cubicles, however, had no effect on the
required labour. Alley floor type, represented lfics or slatted floor, did not affect the

required labour either.

The space allocated for replacement area/(oow), nor the possibilities for separating dry
cows, had any effect on the labour input. Howeseparation pens for special needs cows,
tended to contribute to a lower required labouutn{@able 1 and 2).

Storing roughage in tower silos was associated tigher labour input in the simple model
(Table 1), yet this variable had no significanteeffin the final model (Table 2). The way of

feeding roughage did not affect the labour input.

According to the final model the labour input dexsed by increased milk yield per cow from
herd sizes of 23 cows and more. For a mean sizell(B8 cows) this effect was estimated to
- 9.4 (min / cow * day) for an increase in milk igieof 1000 litres.

Herds with more dirty cows (high value in the cle@ss score) tended to have lower labour
input even in the final model (Table 2). Farmerseag in the statement that “animals
experience physical pain as humans do” tended ve haher labour input in the simple
model (Table 1). However, in the final model thagiable had only limited effect (Table 2).

4 Discussion

The results from the present study show that theuainput per cow decreased by increasing
herd size up to approximately 60 cows, which iagnordance with Nygaard (1977) and later
Auernhammer (1990). The required labour might heeloin even larger herds. However,

according to Hedlund (2008), milking is the onlyasen for reduced labour when herds

increase from 100 to 400 cows.

In the present study there was also an interestiggaction between herd size and milking

system. Labour input decreased by increasing hized is herds with traditional milking
11



parlours, while it was constant in herds with AM®hen using the AMS, the milking unit has
a certain capacity (Hyde and Engel, 2002), and gésim the herd size that remain within the
capacity of one AMS will only to a small extentexdt the required labour input. In herds with
milking parlours however, the capacity will depema type of milking parlour (Jakobsson,
2000; Wagner et al., 2001), size and how it is goed (Smith et al.,, 1998; Schick, 2000).
Installing AMS represents a high investment (Naess &tokstad, 2010), yet, especially in

countries with high labour costs, like Norway, sachinvestment might be profitable.

Compared to new barns, remodelled barns had arhigheur input, but only up to a herd
size of 39 cows. It seems reasonable to suggeastaimadelling barns with > 40 cows will be
rather comprehensive, and thus achieve a similactifionality and mechanization level as
new barns. Both Ekelund and Dolby (1993) and Bewdéyal.,, (2001a) reported that in
general new cubicle barns provide a more desirabléronment, and are thus more labour
efficient than remodelled cubicle barns, althoughal investments were higher. Even though
the final model is adjusted for herd size, barnthwiree cubicle rows had significant lower
labour input compared to barns with 1-2 rows. Srfalins may have less opportunity to
invest in labour-saving mechanization. Though reefied barns had a more complex layout,
the number of wings or location of cubicles did madfect the required labour in the final
model. Properly designed barns seem to have goodtidwmality independent of these
parameters. There was no significant differencilour input between barns with different
alley floor types, which seems reasonable as arifiese systems hardly involve any labour

input for removing manure from the alleys.

Access to pens for special needs cows had a wedkrtey to reduce the labour input in the
final model estimate (Table 2). Graves et al., @0§tated that a well designed section for
special needs cows will decrease the need of lainput and simplify the veterinary work.

This is also supported by the work of Vasseur et28110), and who in addition points out the
positive effect on animal welfare. The amount gflaeement area per dairy cow did not
affect the labour input. There were replacemenvesaland heifers in all herds and the

differences have probably been too small to atteetneed of labour.

The roughage feeding was more or less mechanizedl dawrms, which might explain why

roughage feeding method did not affect the laboput per cow. According to the final
12



model there was no significant effect of roughatpeisg method on required labour input,
possibly because many farms used single wrappeddrdales in addition to their main
storing method for roughage. Round bales or sitzgs are normally stored outside the barn
(Bickert et al., 2000), and it will take additioniahe to collect and strip them.

Decreased labour input in herds with high yieldoogvs may seem surprising. On the other
hand, it is possible that farmers with high yie@flimlerds have more focus on management and
efficient work. High yields are correlated with lég cows, which also will reduce the

required labour input.

According to the final model, herds with cleanewsdended to have a higher required labour
input. Proper cleaning and provision of sawdustubicles takes additional time, but will also
contribute to cleaner cows (Ruud et al.,, 2010).nfems who disagree in the statement
“animals experience physical pain as humans do"aagak tendency to spend less time for
the dairy work. This might reflect the intereststbé farmers and how they prioritize their

work. However, the volume of the work does not sseey reflect the quality.

5 Conclusions

The variation in labour input per cow was largewsstn farms, but it generally decreased by
increased herd size up to approximately 60 cowsnBwith AMS had the same estimated

required labour input independent of herd size,re&® in herds with milking parlours labour

input decreased by increasing herd size from 280t@ows. The estimated required labour
input was higher for rebuilt barns up to a here ©£ 39 cows. The comprehensive variation
in labour input indicates that optimizing buildingyout, developing good management
routines and proper mechanization levels, wouldscanably reduce the required amount of

labour.
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