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Part 1: Labour utilisation associated with the milkng process on
Irish dairy farms and work routine times within the

milking parlour

Introduction
Improvements in milking efficiency have a greatefiience than any other aspect of the dairy farmers
work on overall farm labour inputs (Whipp, 1992\ dérder to facilitate the examination of milking
process labour inputs, the milking process mayibeled into the following three components: herding
pre and post milking (transfer of cows to and frbma milking parlour); milking (milking tasks / work
routines within the parlour); and washing (washaigmilking machine and yard). Meanwhile, within
milking specifically, the number of cows milked paperator per hour is the best measure of both the
performance of the operator and the milking inatadh (Clough, 1978). This is affected by the falliog
three factors: the milking times of the cows, theniber and arrangement of the milking units, and the
operator's work routine (Whipp, 1992). The additiohextra milking units will only increase milking
performance if the operator has idle time durintkimg (Hansen, 1999).

A number of studies have quantified the labouutmpquired by the milking process. Hansen (1999)
identified the milking process as the most timestoning task in most Danish dairy enterprises. Cleging
al. (1992) showed that the labour input for milking@ented for over 50% of the daily labour inputs on
US dairy farms. Schmidt and Johnston (1997) alswveld that the milking process consumed over half of
the working day in 40% of Australian dairy herdseaiwhile, Whipp (1981) stated that 38% of total
work time in English herds was associated with mdk

Technology has focussed on the task of milking tdués high labour requirement and has had a
significant effect on the number of cows that camianaged by one person. Armstrengl. (1994) have
identified the level of mechanisation as a keydadn influencing the efficiency and quality of kihg
and in reducing the number of operators requiredHat task. Whipp (1981) has also stated thatinglk
parlour developments have been a major factor prawed milking efficiency. Specifically, the number
of person-minutes associated with each cow has bagnificantly reduced following mechanisation
across a range of individual milking tasks (Whip92). An Australian study by Kompas and Nhu Che
(2006) showed that one of two key determinantsiféérgnces in dairy farm cost efficiency were retht
to technology in the milking parlour.

With herd sizes increasing on Irish farms, muchatiebhas surrounded issues such as the
appropriate number of milking units and operatorkvmutines. For example, Smigh al. (1998) have
found that implementing a pre-milking routine inesed labour requirements during milking, while
Klindworth (2000a) has claimed that the maximum bemof units that one person could comfortably
handle is about 20, again depending on the workimesi in place. A more recent study by Pocknee
(2003) on expanding UK farms found that new parkine was dependent on the size of the farm and tha
there was no relationship between parlour sizefacirs such as the number of dairy staff and ¢iell
of automation.

As the work associated with cows should be mad@cmntly interesting and rewarding to
encourage potential successors, shorter workingshdetter working conditions and higher salaries

should be accompanied by a focus on the role ofotierator in the milking parlour. In view of the
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proposed increases in scale necessary to mairgaipatitiveness in the future, potential milk protioic
levels should also be considered when designinkimgilparlours (Klein and Hakim, 1994). The objeetiv
of this study was to evaluate labour utilisatiotated to the different stages of the milking praces

(herding, milking and washing up) and to examireaffects of work routines within the milking pasto

Materials and methods
Labour associated with the milking process on Irish dairy farms
The study was conducted with full-time dairy farsiao had a business size of at least 135 liti5s of
milk quota per annum and predominantly with a gpiialving system. A population of 360 dairy farms
was selected initially from more than 20 discussignoups. This population represented an estimated
1.6% of Irish dairy farms and 3.2% of milk prodactiin Ireland. Members of discussion groups were
chosen to form the study population in accordandtn the following criteria: (1) a pre-existing
relationship with the research organisation in terof farm extension; (2) membership of discussion
groups implying an interest in farm development #metefore a possible commitment to the year-long
data recording process; and (3) members were ltkele full-time farmers.

Farmers were informed of the forthcoming study amdted to participate. A total of 143
farmers (including those with spring and autummwiogl systems) opted to participate fully in thedstin
year 1. The final sample size used in the exananaif the milking process was 171 farms, represgrdi
total of 98 farms and 73 farms in years 1 and gpeetively. This sample contained only spring cajvi
herds for which complete time records were avadlabhus, herds with an element of autumn-calvirng) an
farms with incomplete monthly records were excludearms were grouped in small, medium and large
herd size groups of <50 cows, 50-80 cows and >8&coespectively. In year 1 there were 29, 45 ahd 2
farms in the small, medium and large herd size ggowith average herd sizes of 44, 62 and 145 cows
and average milk quotas of 232, 300 and 734 ktt8s, respectively. In year 2 there were 22288 18
farms in the small, medium and large herd size ggowith average herd sizes of 44, 62 and 149 cows
and average milk quotas of 234, 293 and 755 litt6s, respectively.

Two data recording methods were used. The maiordety method involved a timesheet on
which the total time consumed by each of the mgkmocess tasks (herding cows pre-milking, milking,
yard and machine cleaning and herding cows postimg)l was recorded, for each of 3 consecutive days
on one occasion per month. As a single sheet wapleted for each farm, the total time contributed b
all operators was recorded. The second method asedbon the continuous timing method (Armstrong
and Quick, 1986) and involved an electronic datgyéy using the Observer behavioural package (Noldus
Information Technology). Using the data logger roeththe total time consumed by the milking process
tasks was recorded for each individual operatar,efach of 5 consecutive days on one occasion per
month.

Work routine times within the milking parlour

In order to collect more detailed work routine tsn@VRTs) for milking, a controlled case study
experiment was set up, whereby, WRTs were recofdediifferent milking activities in the research
milking facility at Moorepark Dairy Research Centne a 70 cow herd. One operator milked the heial in
14-unit, parallel, mid-level parlour, with swing-@varms, automatic feeding and sequential baikng4-
unit system was chosen as this number matchedizkeos$ parlour (between 12 and 15 units) which
participant farmers felt could be operated by aglsioperator while also allowing a herd size inesecof

100 cows Automatic cluster removers were in place and tlemeéd be switched on or off as required.
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WRT measurements were taken of a full range of imillactivities over the May/June period, when
cows were yielding an average of 27.4 kg per day.

The WRT elements recorded were as follows: (i) tspent outside the milking pit herding cows
into the parlour; (ii) cow entry and exit; (iii) whing of teats; (iv) drying of teats; (v) washinmgadrying
of teats as one task; (vi) drawing of foremilk;i\\dry wiping of teats; (viii) attachment of cluste (ix)
detachment of clusters; (x) changing of clusteesn@val and attachment); (xi) post-disinfection exts;
(xii) washing of cow standing areas; (xiii) washiofgclusters; (xiv) attachment of wash-cups.

Each measurement incorporated the time taken tgletenthe WRT element for a full row of
cows. Work routine times per cow were then caleddty dividing this time by the number of cowshe t
row. Measurements were taken for 50 rows (obsemasliin total (5 rows for each of 10 milkings) &df
tasks except washing of clusters and attaching waph, as this pair of tasks occurred only oncaah
milking. Recordings were taken at subsequent mgraimd evening milkings for 5 days. Cows were at
pasture during the period of measurement. A haid-Hata logger was used for data recording by a
member of the research team.
Satistical analysis
The labour input data from farms were analysed gisinrepeated measures model (PROC MIXED),
described below using the statistical procedureSA$ (SAS, 2002). Farm was included as a random
effect while year, month and herd size group weokuded as fixed effects along with a range of mik
characteristics, such as milking units and parlgyre. Data of the WRTs within the parlour were
converted electronically into Excel worksheets amlysed using the SAS statistical package (SAS,
2002). The ‘Proc GLM’ method of analysis of variangas used to test for significance of the differen
variables, such as time of day, wittgard to the various work routine elements.

Results
The milking process on commercial farms
The average annual labour input per cow used imililéng process on commercial farms over two years
was 13.6 h£4.4 h) per day (av. herd size=77.4 cows, av. qu&8s x10 litres). Annual labour input per
cow to the milking process tasks (herding pre-mikiherding post-milking, milking and washing-up) o

farms of three different herd size groups is shawhable 1.

Table 1. Annual labour input per cow (h) to the milking pess tasks on small, medium and large farms (n=171)

Herd size group

Small Medium Large
(<50 cows) (50-80 cows) (>80 cows)

(n=51) (n=78) (n=42) s.e.m. Significance
Milking process 17.4 13.7° 8.9 0.42 Hoxk
Herding pre milking 2.4 1.8° 1.3° 0.09 wx
Herding post milking 1.2 1.0° 0.6° 0.07 ok
Milking 10.22 8.4° 5.5¢ 0.28 ok
Washing up 3.8 2.5 1.5° 0.13 o

Values within rows with superscript&*are significantly different



Annual labour input per cow (h) for all milking press tasks decreased with increasing herd size.
Average milking labour input per cow per month @ver 12 months on small, medium and large farms
Variation in labour input per day (h) for all in#p@ur milking tasks across months on farms of three
different herd size groups is shown in Figure labdur input to milking increased rapidly between
February and April, before peaking in May, and dilgadeclining over the remainder of the summer and
autumn before decreasing rapidly between October damuary, thus closely following milk yield
profiles. Similar trends across months were foumthe three herd size groups. Month, herd sizeigro
and month*herd size group all had a significaneet{P<0.001) on all four milking process tasksibaur
input to herding pre-milking remained relativelylsie (increased slowly) between March and October
and decreased rapidly in the November/Decembenghem line with drying-off of the herd. Labour
input to herding post-milking fluctuated greatlyegs months on small and large farms, while remagini
stable on medium farms. This was most likely dughi possibility of the herd travelling directly to
paddocks after milking at different times of theayelLabour input to washing showed minor fluctuasio

across the spring, summer and autumn periods,dedtureasing rapidly between October and January.
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Figure 1. Average milking labour input per cow per month dler 12 months on small, medium
and large farms (n=171)

Work routine times within the milking parlour

The time associated with different elements of mgkwork routines together with the predicted numdake
cows that could be milked per operator-hour witlarge of different work routines and the optimunmiver

of milking units for different milking routines (bad on a unit time of 10 min) is shown in TableA2.
various elements of the work routine were automateeixcluded, WRTs and row times decreased whée th
number of cows milked per operator-hour increa¥¢RT A involved cow entry, washing teats and drawing
foremilk as a combined task, drying teats, changiugters, disinfecting teats, washing cow starsliagd
cow exit. A standard 5 s for miscellaneous everdas wailowed within each routine. WRT A allowed for a

maximum predicted milking performance of 76 cows ggerator-hour to be milked. WRT B assumed that
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ACRs were in place, thus eliminating cluster remi@ral including cluster attachment. WRT B allowed

a maximum predicted milking performance of 85 cq@es operator-hour. Predicted milking performance pe

operator hour increased to 87 cows per operator-wben the task of drawing foremilk was excludeatrir

the routine (WRT C). Predicted milking performamoereased to 96 cows per operator-hour when thineu

included washing of teats and drawing of foremilk bxcluded teat drying (WRT D). In WRT E all teat

preparation tasks were excluded except for dryngmf teats. This allowed a predicted milking periance

of 100 cows per operator-hour to be achieved. Wileteat preparation practices except drawing oéralk

were excluded (WRT F), the predicted number of comitked per operator-hour increased to 116. The

optimum number of units ranged from 13 to 20 dependn the WRT.

Table 2. Time associated with different elements of milkivgrk routines together with the predicted
number of cows that could be milked per operatarrhwith a range of different work routines
and the optimum number of milking units for diffatenilking routines (based on unit times)

Milking routine A B C D E F
Cow entry (s/cow) 3.4 34 3.4 3.4 3.4 3.4
Washing teats + 11.5 11.5 - 11.5 - -
drawing foremilk (s/cow)
Washing teats (s/cow) - - 10.0 - - -
Drawing foremilk (s/cow) - - - - - 5.1
Dry wiping teats (s/cow) - - - - 6.5 -
Drying teats (s/cow) 5.0 5.0 5.0 - - -
Attaching clusters (s/cow) - 10.1 10.1 10.1 10.1 110
Changing clusters (s/cow) 14.8 - - - - -
Disinfecting teats (s/cow) 1.9 1.9 1.9 1.9 1.9 1.9
Cow exit (s/cow) 1.9 1.9 1.9 1.9 1.9 1.9
\S’\t’:rfgiigggscé‘;vcow) 3.9 3.9 3.9 3.9 3.9 3.9
Miscellaneous (s/cow) 5.0 5.0 5.0 5.0 5.0 5.0
WRT (s) 47.4 42.7 41.2 37.7 32.7 31.3
WRT (min) 0.79 0.71 0.69 0.63 0.55 0.52
Max predicted cows/h /operator 76 85 87 96 110 116
Unit time (min) 10.0 10.0 10.0 10.0 10.0 10.0
Optimum number of units 13 15 15 16 19 20
Discussion

The milking process on commercial farms

The impact of the milking process on labour inpod &fficiency is obvious, given the substantialdim

associated with milking for each cow. This consedlyeimpacts on farm family income and quality of

life. The lower time per cow associated with miliiin the larger herds was due to economies o&scal
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particularly in the herding of cows and post-millikizvashing routine. The seasonal effect on labour
input to milking observed in this study as decnegdrom a peak in May to its lowest level in Decemb
and January, was expected, due to the spring mildyztion system in place on the study farms. Work
routine elements of milking, such as cluster atteeht and detachment, were likely to take the same
duration irrespective of time of year, while theitivey element (i.e. waiting for cows to milk outjowld

be longer during the high milk yield period in galhctation (Armstrong and Quick, 1986). Also, teat
preparation may take a longer time to completendugarly spring, when many early calving cows are
still housed and while grazing paddock conditioresyrbe poor. First lactation heifers are also likily
require more attention during springtime.

The fact that the labour input for herding prekinigy was higher than post-milking may have been a
consequence of the possibility for cows to retarthe paddock unassisted, immediately after millking
some of the farms. While many milking parlours h&een restructured in order to accommodate larger
herd sizes, track widths generally have not beemeased, and consequently, herding time may be
extended due to poor track conditions (Klein an#tiria 1994). Klindworth (2000b) identified inadeqeat
track width, poor surface condition and the presesicrestrictions on the track as being common e€sus
of slow cow movement. The regular crossing of puldiadways due to fragmentation, which occurred on
over one-third of farms in this study, may also aphificantly to labour inputs.

Whipp, 1992 has indicated the importance of cormemit number with regard to efficient
milking. Ultimately, a limit in milking unit numbreis eventually reached, beyond which, the operator
cannot carry out the work routine efficiently andepmilking may occur. This limit is dependent on
elements of the work routine, such as teat prejogralhe inclusion of some work routine elements of
milking, such as pre-milking teat preparation aeal tisinfection is often dependent on the workload
the milking operator in terms of unit numbers. Autdgion would allow for the inclusion of some praes
despite heavy workloads in terms of milking unitrrhers.

Labour input per cow for washing-up decreased witheasing herd size, meaning that superior
facilities on the larger farms may have counterhdtee effect of higher cow numbers. Collecting yard
cleaning facilities present on farms in the différberd size groups showed a large degree of i@rjat
with more labour efficient facilities found on tharger farms. In addition, the frequency of cleagnin
(which may also be influenced by the presence dfiti@s, such as slats and automatic scrapers)dvou
influence the labour input to washing-up. O’Keanfiéynn et al. (1999) stated that increased levels of
automation and properly sited power washers woaldrportant time saving elements in washing-up.
Work routine times within the milking parlour
Cow entry and exit times are becoming increasiimglyortant as parlour length increases due to isa@a
milking unit numbers. Efficient cow flow in the r&rch farm milking parlour in this study resultedit
being unnecessary for the operator to leave thedpiing milking. The time associated with teat
preparation varied considerably, depending on ththads used. Attaching clusters (i.e. with ACRg) an
changing clusters (i.e. without ACRs) took 10.1 ddd8s/cow, respectively, the introduction of ACRs
thereby, reducing work routine time by 4.7s/cow.iM/lthe time taken to remove clusters manually may
not be significant, the time spent by operatormaking decisions as to when to remove clusters lneay
significant (Klein and Hakim, 1994). Milking perfoance is dependent on work routines (Whipp, 1992).
This fact is clear from this study, where minimune-milking hygiene (dry wipe) and cluster attachinen
(WRT E) took 16.6s/cow. This resulted in a preaticmilking performance of 110 cows per operator-
hour. Meanwhile, a full pre-milking routine (wasbireats, drawing foremilk, drying teats, attaching
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clusters) (WRT B) took 26.6s/cow, resulting in aamdower predicted milking performance of 85
cows/operator-hour. Meanwhile, Smihal. (1998) indicated that, minimal pre-milking teaeparation
and cluster attachment took 14s/cow compared te@@sfor full pre-milking teat preparation and diers
attachment. Armstrong al. (1994) found that the use of a wash-pen increasedthroughput by 8-20%
by reducing preparation times.

A study by Fox (1994) has shown that a row tim& afinutes or less should be easily achieved.
However, row times measured in 30 herringbone pasloin that study, varied from 6.5 to 12 minutes
with half of the parlours having a row time of aast 10 minutes. Using the work routine times mmeasu
in the research milking facility, a maximum predittnumber of 116 cows per operator-hour could be
milked when teat preparation was minimized to drgafiormilk only. Alternatively, where all of theae
preparation procedures are carried out, work reutime can be as high as 42.4s/cow, thus allowing a
predicted throughput of 76 or 85 (with ACRs) cower pperator-hour. But, what is most efficient in
labour terms (e.g. minimal or no teat preparatiomdy not be good for milk quality and milk payments
when considered within the overall farm system. imis cow preparation may not have as significant
effect on TBC and milk sediment levels when cowes air pasture compared to indoors. However, from
consumer perception and health and safety viewpdiné issue of preparation of cows for milking tas
be addressed. Automation of preparation procedwedld speed up milking and cow throughput
significantly.

The particular requirements of the individual daigy enterprise and the opportunity cost of
labour must dictate the level of automation decidadlIf a high level of automation is installedethit
must be ensured that it is reliable and dependaidecan be operated by a person of reasonable Aill
herd-sizes are expected to increase in the nearefutedesign or construction of new parlours Vel
necessary. The choice of milking parlour shouldivectly related to the number of cows being milked
currently as well as the herd-size envisaged ferftture. Larger herd sizes will lead to a gre&teus on
time, working conditions and ergonomics associati milking.

In conclusion, the study confirmed the effect othbscale and seasonality on labour inputs
relating to milking. The importance of milking astask was clearly established. Milking units,ttea
preparation, and cow flow all represented key fecta milking labour efficiency. Is only througheh

combination of appropriate work routines and te¢bgy that high efficiency levels can be reached.



Part 2: Importance of farm facilities in labour efficiency

Introduction

The limiting factor for agricultural growth is natsually the availability of technology but
constraints that prevent the full utilisation oéttechnology available (Mundlag al., 1997). The small
scale of many farms as well as the cost-price stpides slowed down the adoption of many
technologies in Ireland. Indeed Dillaat al. (2005) have stated that the efficiencies of manyuab
saving technologies are captured only by increabigigl size. On many farms cheap hired or family
labour is used to compensate for a lack of modatiois and investment in facilities, leading to poor
working conditions. However, Fau and Chaspoul (}9€@ntified long working hours, poor working
conditions and physical work on French farms asd@i major barrier to finding good personnel. Thus
such low cost labour sources are eventually exbdussilbert and Pellerin (1996) found that while
machinery cost and building maintenance costs omdan Quebec increased significantly between
1985 and 1994, a significant increase in laboucieficy was also noted.

Previous findings of Ruane and Phelan (2001), @aghal. (1988) and Gleeson and Kinsella
(2003) point towards a requirement for improvemarfacilities and practices on Irish farms, andstisi
emphasised further by the current and future regquént for enterprise expansion. However, expansion
in scale of enterprise would have a direct andifiggmt effect on farm labour as a component input
requirement of production. Hennessayal. (2000) have indicated that an expansion of praodoabf
100 % would be required if Irish farmers were tamtain incomes in the context of WTO reform and a
milk price cut of 20%. While the magnitude of therieases in scale necessary for different dairying
circumstances is debatable, any such developméhhavie an associated requirement for change of
basic facilities and practices on farms. Consedyeahgoing research is required in order to egtabl
more efficient working methods and labour savirdhtéques. The purpose of this study was to establis
the profile of dairy farms of various sizes witlgaed to facilities, practises and infra-structureoider
to identify labour saving techniques of potentiahbfit particularly to small enterprises and toeass

barriers to expansion.

Methods and Data Sources

One hundred and thirteen spring-calving dairy famese involved in this study. The farms were
categorised into three herd-size groups; small (€®8s), medium (50-80 cows) and large (>80 cowggré
were 30, 53 and 30 farms in the small, medium amdel herd-size groups, respectively. These groaps h
average herd sizes of 44, 63 and 141 cows, and quitkas of 230x10 310x16 and 711x1d1, respectively.
Data on farm facilities and practices were recortfedigh a series of one-off questionnaire survegspleted
on a number of farm visits by experienced datamdgrs. These surveys investigated facilities arattmes
associated with the milking process, grassland gemant, farm fragmentation and calf care. Datayaisivas
carried out using chi-square analysis.



Results
Milking Facilities
Herd-size group had a significant effect on theetgb milking parlour used (P<0.05) with 37% of larg
farms using modern parlours (2' 2" herringbone,32'sequential, rotary) compared to 10% of small
farms, thus illustrating the greater likelihoodlafge farms investing in modern facilities (Tab)e Sixty-
seven per cent of farms used a pipeline milkingesgswith the remainder using recorder jars, with no

effect of herd-size noted.

Table 1. The effect of herd-size group on the type of mikparlour on farms (n=113)

Herd-size group

Small Medium Large
Total
n=30 n=53 n=30
3’ 0” herring-bone 63% 55% 30% 50%
2’6" herring-bone 27% 17% 33% 24%
Moderrt 10% 28% 37% 26%
Sgnificance *

"Modern=2’ 2” herringbone, 2’ 3” sequential, rotangg number of farms in herd-size group; * = P<0.05

The effect of herd-size on the number of milkingtsiand the number of cows per milking unit is show
in Table 2. Herd-size group had a significant effat the number of milking units. Herd-size grousoa
had a significant effect on the number of cows mpéking unit with the number of cows milked per tni
being higher on large compared to both medium amallfarms (P<0.001). Herd-size group also had a
significant effect on whether or not exit gateslddue opened from anywhere in the milking pit (49,
with 67% of large farms using this facility compdr® 27% of small farms. Automated backing gates
were in use on 10% of farms, while the milking @ger had to leave the parlour to bring in most rofvs

cows from the collecting yard on 31% of farms.

Table 2. The effect of herd-size group on the number ofkimg units and the number of cows per
milking unit (n=113)

Herd-size group

Small Medium Large o
s.e.m. Significance
n=30 n=53 n=30
Milking units 7.4 8.F 15.8 0.65 ok
Cows per unit 63 7.3 9.4 0.28 ok

n= number of farms in herd-size grodfmeans on the same line not having a common sujgtrace
significantly different; *** = P<0.001

Milking Practices of Pre-milking Teat Preparation and Post-milking Teat Disinfection

Teats were never washed on 41% of farms. Herdgsizep did not affect the practice of teat washing.
Teats were dried on 30% of farms on which teateweshed (n=67). Herd-size group had a significant
effect on whether or not unwashed teats were dpewi(P<0.01), with 81% of small farms dry wiping

cows compared to 38% of large farms. Thereforeati®ence of teat preparation was more likely to occu
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on large farms. The use of teat disinfectant was aifluenced by herd-size group (P=0.07) with 8¥%
small farms using teat disinfectant on a year robasis compared to 57% of large farms. The efféct o
herd-size on the method of teat disinfection used approaching significance (P<0.10), with stagtiag

droppers used on 75% of large farms compared todf&8mall farms.

Grassland Management and Fragmentation

Cows travelled directly to paddock after exit fréne milking parlour on 60% of farms. Herd-
size group had no significant effect on this vaddaBresh grass was allocated twice daily, daiky every
second day on 54%, 26% and 20% of farms, respégtiwéth no effect of herd-size group observed.
Herd-size group had a significant effect on whethienot grass covers were being estimated on farms
(P<0.05), with 94% of large farms undertaking taisk compared to 70% of small farms. Herd-size grou
had a significant effect on the methods used fasgland measurement (P<0.05), with 41% of largadar
using either a plate meter or the Moorepark me{@onovanet al., 2002) compared to 14% of small
farms. The average number of parcels (land aegzerated by road) on the farms was 363.84, range
1 - 9). The average number of parcels used foyidgiwas 2.4£ 1.4, range 1 — 6). Herd-size group had
a significant effect on fragmentation (P<0.05) witle grazing area in one block on 73% of small farm
compared to 37% of large farms. On farms wherea wecessary for cows to cross the public roadway i
order to go to the milking parlour, 33% did so,adaily basis, while 41% of farms required two @ren
persons to accompany the cows. Herd-size grouglsghificant effect on the method of drover traorsp
used to herd cows (P<0.001), with quads being use83% of large farms compared to 8% of small
farms. Ninety per cent of drovers on small farnaetled on foot or by bicycle compared to 40% of

drovers on large farms.

Calf Care

Herd-size group had a significant effect on thehods used to transfer milk to young calves
(P<0.05), with 27% of large farms pumping milk camgd to 3% of small farms. Sixty-seven per cent of
small farms used buckets to transfer milk compaced3% of large farms, illustrating a move by large
farms from the more traditional, labour-intensivethods when feeding young calves. Milk transfer to
older calf housing was carried out by buckets,ldgol and pipe on 42%, 35% and 23% of farms,
respectively, with no effect of herd-size group eved. Herd-size group had a significant effecttun
type of milk transferred for consumption by youraves (P<0.01), with 97% of small farms transfegrin
warm fresh milk compared to 67% of large farms.d4gize group had a significant effect on the type o
milk transferred for consumption by older calves@®5), with 80% of small farms transferring warm
fresh milk compared to 48% of large farms. Acidifigas added to milk for young and older calves on
18% and 32% of farms, respectively. Young calvesewteained using bucket, bucket and teat and
automatic feeder on 46%, 53% and 1% of farms, i@y, with no effect of herd-size group observed

The effect of herd-size group on the methods usetegding older calves is shown in Table 3.
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Table 3. The effect of herd-size group on the methods @isefiteding older calves (n=113)

Herd-size group

Small Medium Large
Total

n=30 n=53 n=30
Bucket 50% 34% 10% 32%
Trough 26% 21% 29% 25%
Automatic feeder 17% 35% 25% 27%
Teat feeder 7% 10% 36% 16%
Sgnificance *k

n= number of farms in herd-size group; ** = P<0.01

Herd-size group had a significant effect on thehrods used for feeding older calves (P<0.01), wiito5

of small farms using buckets compared to 10% afddarms. Thirty-six per cent of large farms useat t
feeders compared to 7% of small farms. Milk wabtieyoung calves twice-a-day, once-a day and on an
ad-lib basis on 92%, 4%, and 4% of farms, respelstivihe effect of herd-size group on the frequency
with which older calves were fed is shown in Tadble

Table 4. The effect of herd-size group on the frequencywihich older calves were fed (n=113)

Herd-size group

Small Medium Large
Total
n=30 n=53 n=30
Twice-a-day 74% 52% 36% 53%
Once-a-day/ Ad lib 26% 48% 64% 47%
Sgnificance *

n= number of farms in herd-size group; * = P<0.05

The effect of herd-size group on the frequency wittich older calves were fed was significant (P§).0
with 74% of small farms feeding such calves on &ewdaily basis compared to 36% of large farms.
Calves were fed as a group at less than 2 weetks4 2veeks and greater than 4 weeks on 79%, 17% and
4% of farms, respectively.

Housing for young calves had solid floors with streedding, slatted lying areas with straw
bedding and slatted floors without bedding on 45%86 and 8% of farms, respectively. Housing for plde
calves had solid floors with straw bedding, slatiédg areas with straw bedding and either sawdaat
mulch or slats on 53%, 39% and 8% of farms, re$pagt Young and older calf pens that contained
straw were bedded on a daily basis on 55% and 58#rms, respectively. No effect of herd-size group
on any of these factors was observed. Herd-sizapgiad a significant effect on the frequency with
which the pens of young calves were cleaned (P¥0v@ith pens being cleaned on a daily basis on 27%
of small farms compared to 10% of large farms. Hsré group had a significant effect on the freqyen
with which the pens of older calves were cleaned)(B01), with pens being cleaned on a daily basis o
30% of small farms compared to 6% of large farnendof young calves were cleaned using the methods
of fork and barrow, fork and loader and loader amhy45%, 30% and 25% of farms, respectively. Péns o
older calves were cleaned out using similar mettmd26%, 23% and 51% of farms, respectively. No
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effect of herd-size group was found. Calves wergodeed with electric dehorners on 97% of farms.
Farm operators, farm relief and other labour saidehorned calves on 84%, 12% and 4% of farms,
respectively. Calves were weaned at less than 8eeed at greater than 8 weeks of age on 32% &¥td 68
of farms, respectively. Herd-size group had a $icgnit effect on whether or not all calves wereredaon

the farm until weaning (P<0.05), with 63% of snfaltms rearing all calves compared to 35% of large
farms, illustrating a stronger focus on larger farom core dairying activities i.e. those relatethis herd.
Most calves were sold at less than 1 week, at B&wand at greater than 3 weeks on 4%, 39% and 57%
of farms on which calves were sold, respectively5{). Calf houses for young and older calves were

purpose built on 54% and 47% of farms, respectively

Discussion
The superior facilities and practices found on dafarms in this study illustrated a greater abitity the

part of large farms to invest capital, with lessentainty surrounding their future in the indust@jong

with a greater requirement for more labour efficisgstems with increased herd sizes. Indeed, Leaver
(1994) has previously stated that the balance ktiabour input and mechanisation changes with farm
size, while Nix (1993) has stated that costs perrdlated to power and machinery declined with
increasing scale.

While the average cow/milking unit ratio of 7.6 faliacross all farms was within the 8 rows of
cows per milking recommended by McMahon and Rya0@2, the large variation from 4 rows to 15
rows per milking illustrated the capacity for expmm of herd-size on some farms compared to the
grossly undercapitalised nature of other farms. fHot that the cow: unit ratio increased with heizk,
illustrated that milking unit numbers were not exgad in line with increasing herd-sizes. Therefore,
large farms had a requirement for much improvenienorder to reach optimum unit numbers. The
recommended cow:milking unit ratio is 6:1 (O’'Caleget al., 2001). The main time saving elements of
milking include an adequate number of milking unds efficient work routine time, fast cow flow at
entry and exit, a reliable drafting system andlstairk that gives good cow control. It is extremely
important that the operator does not have to l¢heeit during milking. Upgrading of many parlouns
respect to these characteristics is required.

Therefore a broader view of the whole package ohftacilities and practices, in conjunction
with the long list of tasks, needs to be considevedn introducing technological change. For exanpl
the introduction of extra milking units may provitigle or no advantage during springtime unless it
accompanied by the required number of milking ojpesa Teat preparation represented an integral
element of the milking routine in terms of milk ditigand udder health. Recognising the large hézdss
in Australia and that best practice is to applysctp clean dry teats, Klindworth (2000a) recommende
strategic washing i.e. the washing and drying dfydieats only. However, this study indicated ttestts
were dried on only one-third of farms on which teatshing was carried out. Dry wiping of unwashed
teats was less likely to occur on the larger farmsswas manual teat disinfection, clearly showhag &s
herd-size and milking unit numbers increased, ¢iellof pre and post milking teat treatment decline

Klindworth (2000b) identified yards, backing gatsbed design, stockhandling and feeding as
the main issues that affect the ease and efficievity which a cow may walk into a milking parlour.
While Irish milking parlours appeared to be adjugtio larger herd-sizes in terms of milking praesic
and to a certain extent in terms of milking unitmbers, technologies to improve cow flow were less
prevalent on farms in this study. Entry gates, tdrgfwhich could be operated from anywhere in the p

and backing gates were rare across all herd-sideite narrow doorways and operators having to leave
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the pit to aid cow flow were both prevalent. On diker hand, exit gates which could be operatewh fro
anywhere in the pit were more common, particularythe larger farms where cow flow became more
important with increasing milking unit numbers, ¢mn parlours and reduced available work times.
Significant improvement in terms of cow flow wagqueged on many farms in this study, a fact best
illustrated by the fact that on almost one-thirdafns the milking operator had to leave the pibiider to
bring in most rows of cows. Fox (1994) has suggktiat cows would walk in by themselves where good
cow flow factors are in place, such as lead-in sydlinnel entrances, lower breast-rails, zigzagpruails,
wide exit races that can hold one row of cows,tirgfwhich can be operated from the pit and rough-n
slip concrete surfaces. While discussion groupmenendations from this study included many of these
factors, particular attention was paid to collegtimrds, handling facilities and holding yards.

This study indicated that the frequency of gradscation has changed from the traditional
method of grass allocation after each milking gitaation where almost half of the farms allocageass
on a daily or alternate day basis. Recent resdasishown that using paddocks for 3 grazing pei(8@s
hours) increased protein levels while also redutahgur input in terms of strip fencing (Courtn901).
However, farm layout must be taken into consideratWhile grass measurement was more likely to be
carried out on large farms, with a large reliancevisual methods, a significant number of largerr
used plate meters. Due to an obvious economy dé gbe return on such practices would be more
significant on bigger farms and once more it iltats the earlier adoption of technologies by daams.

As a task, grassland measurement and budgetingeisvith a high management element and which is
likely to have a higher economic return than manguaus tasks within the farmyard. Indeed the
elevation of such management tasks would helpverse the negative image of farming amongst many
farm family members, while increasing the need rfawre highly skilled labour sources. Allocation of
fresh grass at a frequency of > 24 h would redabeur demand and not have an adverse effect on cow
production characteristics.

CSO (2002) data indicates that land fragmentatias ihcreased over the last decade with the
average number of parcels per farm increasing ftéhto 3.1 between 1991 and 2000. A high proportion
of large farms were fragmented in terms of dairw @yazing area, which in turn led to a requirentent
take cows across a public roadway for milking, acfice which required a second person on many farms
with a matching progression in terms of drover $gort also evident. Thus, dependency on a second
person emerges, not in terms of meeting labourtigpantity demands, but instead by assisting ikstas
that require two persons. Ultimately, in the abseofcunderground tunnels, a clear dependence auiab
sources additional to the principal operator vahnain.

Many calf houses are not purpose built, but instaesl converted buildings and therefore
possibly not site specific. Indeed this leads tweaessity for efficient methods of milk transfetvioeen
the milking parlour and calf house. Transfer of kmib young calves by a piping system was more
common on large farms, while trolleys were usedjdently when long distances, older calves and
therefore larger milk volumes were involved. Waimash milk was sent to younger calves on a large
proportion of small farms which usually resultedrinreased labour requirement during milking tired
in many cases created a requirement for an addltmperator. Large farms were more likely to feeltic
milk to both younger and older calves facilitatingbreakage of the link between feeding calves and
milking referred to by Fallon (2001). Meanwhile ttéaeders which were more common on large farms

can accommodate large numbers of calves and dse tide feeding of cold milk. As calves take longer
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to drink cold milk, traditional bucket feeding metts become even more labour intensive in such
systems.

The grouping of calves as a tool for reducing lakiaputs, with calves being fed as a group at
less than two weeks of age was practised on mastsfavieanwhile automatic feeding of older calves
appeared to replace twice daily feeding on largems. In a study of 59 Irish spring calving herds
Gleesoret al. (2003) found that milk feeding of calves on a odedy basis reduced the labour input per
calf and did not adversely affect calf performand2aily bedding with straw for both young and older
calves on many farms would appear to be laboungive with alternatives such as annual beddinggusin
bark mulch or the use of slats being proposed. Wais somewhat evident on large farms with annual
cleaning more common than on small farms. Whilé lvalise cleaning methods were similar across herd-
size groups, a greater number of houses of oldepaced to younger calves could be cleaned by loader
As calf rearing in converted housing is commoris possible that calf houses are not generallygdesi
for ease of cleaning.

Meanwhile the rearing of all calves was less likelyake place on larger farms, thus illustrating
the specialisation on these farms. However, as naiges were sold at greater than 1 week of agehmuc
of the labour associated with calf care had alrelaglyn carried out. Alternatives of course inclulde t
contract rearing of calves or a much earlier rerho¥&alves to outdoor calf rearing systems. Hosvev
the overall system must stay in focus. For exaraplging to lower bedding and cleaning times madle
to outdoor rearing far from the milking parlour ahérefore causes losses in terms of milk transport

The findings indicated a greater usage of laboficient technologies on the larger farms, such
as better facilities and less intensive work rceginn milking and calf care for older calves. Hoeev
large farms were also more likely to suffer froormdafragmentation and the associated difficulties. A
heavy reliance on supplementary labour sourcemgkey periods, such as springtime, or to assigt wi
tasks such as herding cows across roadways anthiepaf cows for calving was also observed. Imbee
such issues, relating to facilities and practicds vecome increasingly important for Irish farmerto
wish to expand their scale of output over the camiyears and to minimise increases in labour
requirements.

In conclusion, the larger farms have been cledrbng to be early adopters of technology, then
these farms will continue to benefit directly ast wosts are reduced and are likely to be drawthéurin
and onto the technology treadmill (Gasson and Brim 1993). Meanwhile, the introduction of
technology ultimately reduces product prices ars ¢bnsequential cost-price squeeze along with the
small scale of many farms slows down the adoptfomany technologies in Ireland. Meanwhile Dillon
et al. (2005) have stated that increased herd-size igssacy to capture the benefits of many labour-
saving technologies. Leaver (1994) has previodglgcribed this conventional model of agricultural
development, incorporating increasing farm sizeréasing mechanisation and reducing labour input,
while the Agri Food 2010 (2000) committee have eagited the need for investment in physical capital
and the implementation of improved technologieber&fore technology adoption decisions will have to
be made in the context of the wider farm framewiarkerms of available labour sources, tasks and the
subsequent effect on returns to labour input afidieficy, such as income and quality of life. Insth
context, a significant change in facilities andgpiges will continue to be necessary in order talda

current labour levels on farms to meet the labequirements associated with increased scale.
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Part 3: Effect of milking frequency and nutritional level on milk
production characteristics, reproductive performarce,
udder health and milk quality, welfare and behaviou of

dairy cows

Introduction
Milking cows twice a day (TAD) is a time-constraigitask for dairy farmers. Once a day (OAD) milking

may offer a major opportunity to improve labour mutt and reduce costs. If once daily milking was
proven as a satisfactory alternative to the nortmade daily milking regime, reduced milking frequsn
could have the following potential benefits forfdient sectors of dairy farmers: (i) increased labo
productivity and reduced costs (including that afeti labour); (i) permit the uptake of alternative
employment or alternative business interests; {fiiiproved management of large herds in terms of
milking time and cow walking distance on fragmentedd bases, (iv) ease of work in terms of
ergonomics together with shorter time input to tharying operation and (vi) an easier lifestyle.
However, such a potential alternative system shéelcritically examined from both management and
economic viewpoints.

Few full lactation studies on OAD milking have beendertaken. New Zealand studies by
Holmeset al., (1992); Clarket al. (2006) and French studies by Remahdl., (2004) have shown that
OAD milked cows produced less milk with higher &atd protein contents compared to TAD milked
cows. However, nutritional management may influetheeconsequences of reduced milking frequency. It
is also considered that reduced milking frequen@y rmfluence reproductive performance of cows
(though very few studies have examined these respeariables) and affect the quality (somatic cell
count [SCC]) of milk produced. Thus, the objectivethe current trial was to compare once daily and
twice daily milking regimes at two different nuiobal levels for milk production and quality and

reproduction parameters, over a complete lactation.

Description of study

Sixty spring-calving, pluriparous Holstein-Friesieaws were blocked according to expected calvirig,da
parity and previous lactation milk yield. Cows wessigned to a factorial arrangement of treatmefies
calving; twice a day (TAD) milking on a high (TH) ow (TL) nutritional level (NL); once a day (OAD)
milking on a high (OH) or low (OL) NL. High andwoNL were defined by concentrate offered while
cows were indoors on grass silage after calvinan@ 4 kg, respectively), by a combination of comceea
offered (4 and 1 kg, respectively) and post-gratieight (75 and 55 mm, respectively) during thet 26
days at pasture (22 March to 16 April), by postzarg height (75 and 55 mm, respectively), during th
main grazing season (17 April to 2 October), andabyombination of concentrate offered (3 and 1 kg,
respectively) and post-grazing height (75 and 55, mespectively) during the late grazing period (3
October to 27 November). Cows on the high and Mwreceived a total of 420 kg and 137 kg of
concentrate per cow, respectively, throughout tamrta Mean calving date was 11 March. Cows were
bred by one Al technician during a 13-week breediegson commencing on 26 April 2004. A strict
drying-off policy was adhered to, where milking sed for cows on reaching a milk yield of 7 kg payd
or a time interval of 10 weeks to calving.
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Milk yield was recorded daily, while milk compositi was measured weekly. Cow live-weight
(LWT) and body condition score (BCS) were recordexkkly and fortnightly, respectively. Somatic cell
count (SCC) was analysed weekly up to 1 May andeently on a fortnightly basis. Clinical mastiti
incidences were recorded. Milk samples were catbcthrice-weekly post-partum for progesterone
analysis to determine the commencement of lutetiVigc (CLA) (CLA; >3ng/ml in 2 consecutive
samples). Submission, conception and pregnancyg wadee recorded. Data were analysed according to
factorial design using the PROC Mixed procedurSAs.

Results and Discussion
Milk production, live-weight and body condition smre of cows
OAD milking and a low NL reduced milk yield and ldeof milk solids (MS) (P<0.001) compared to
TAD milking and a high NL, respectively, (Table 1fat and protein contents of milk were increased
(P<0.001) with OAD compared to TAD milking. Fat ¢ent was not affected by nutritional level, but
protein content was reduced (P<0.05) at the lowpaoed to the high NL. Milk lactose content was not
significantly affected by MF or NL. Milk yield wa&6% lower, while MS yield was 20% lower with OAD
milking compared to TAD milking. Cow LWT at the er lactation was higher with OAD milking
(P<0.01) and with the high NL (P<0.001). Cow BQShe end of lactation was also higher with OAD
milking (P<0.001) and with the high NL (P<0.001)aGs removed per cow (measured on a group basis)
during the main grazing season (17 April to 2 Oetdlwas recorded as 19.7, 19.0, 15.4 and 14.9 kg
DM/cow/day, respectively. Thus, grass removed per was reduced by a similar level (3-4 b§)OAD
milking at both nutritional levels.

Table 1. Effect of milking frequency (MF) and nutritionavel (NL) on mean milk production, live-
weight (LWT) and body condition score (BCS) of cows

Milking frequency Nutritional level Sig. Sig.
(MF) (NL) MF NL

TAD OAD High Low
Milk yield (kg/cow) 6013 4437 5669 4780
Milk solids yield (kg/cow) 437.0 351.1 428.8  359.4
Fat (g/100g) 3.99 4.40 4.17 4.22 Hork NS
Protein (g/100g) 3.29 3.53 3.46 3.36 ok *
Lactose (g/100g) 4.55 4.52 455 452 NS N
LWT at 275 DIM (kg) 627 678 680 624 =
BCS at 275 DIM 2.73 3.49 3.31 2.92 sk ok

Days in milk; ** = P<0.01, ** = P<0.001, NS = Pxb

Reproductive performance
The onset of ovarian cyclicity was evaluated by twwasurements — the number of days to
commencement of luteal activity (CLA) and the pndjpm of cows that had commenced luteal activity
pre-MSD (mating start date). OAD milked cows tendechave an earlier CLA (P<0.10) and a greater
proportion of them had commenced luteal activitg-ptSD (P<0.05) compared to TAD milked cows
(Table 2). Submission rate in the first three kgeafter MSD and first service conception rate wese
significantly affected by either milking frequenoy nutritional level. However, the overall pregnamate
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was higher with OAD (P<0.10) and the high NL (P¥).@ompared to TAD milking and a low NL,
respectively. Caution must be exercised with thiesalts involving limited experimental units, athese
measurements need to be repeated. However, prafiyngonclusions suggest no detrimental effects and
some possible beneficial effects of once daily mikon reproductive performance. These findingsimre
agreement with other results using milking frequermmodels, from our Research Centre (Patbal.,
2005).

Table 2. Effect of milking frequency (MF) and nutritionavel (NL) on reproductive performance
indicators of cows

Milking frequency Nutritional level Sig. Sig.

TAD P OAD High(NL) Low MF NL
CLA?(d) 30.4 25.3 27.6 28.1 + NS
Cows with CLA pre MSD (%) 60 87 73 73 * NS
Submission rate (21 d) (%) 63 73 63 73 NS NS
First service conception rate (%) 50 40 50 50 NS NS
Overall pregnancy rate (%) 73 90 93 70 + *

* P<0.05, + P<0.10, NS = P>0.08LA=commencement of luteal activity based on milkgesterone;
® MSD=mating start date

Udder health

The objective of this section of the study was tamify the impact of milking frequency (MF) at two
nutritional levels (NL) on udder health. Weekly S@ords were available up to 1 May and fortnightly
thereafter. Clinical mastitis (CM) incidences watso recorded. The data were transformed by thealat
logarithm so that it was normally distributed; thiriable is referred to as somatic cell score (SS8b
clinical mastitis (SCM) was deemed to be preseattédst-day had a SCC greater than 250,000/ml wiitho
an accompanying identified case of CM within fivaeyd of the date in question.

Milk SCS of non-infected cows only and of all cowas not significantly affected by MF but was higher
in the low compared to the high NL (Table 3). NeittMF nor NL significantly affected the probabiliby
contracting CM; proportionally 0.28 and 0.22 oft&tons in the TAD and OAD groups, respectivelyd ha
at least one case of CM. However, this is a bitiy and this dataset is small. Milking frequeroryNL

did not significantly affect the probability of SCklthough the effect of NL did approach significanc
(P=0.09). The odds of a OAD milked cow exhibitingd was 0.95 (95% CI; 0.47 to 1.92) that of a TAD
milked cow. The odds of a low NL cow exhibiting MGQvas 1.83 (95% CI; 0.92 to 3.64) that of a high
NL cow. The similar SCC observed with TAD and OAfilking in this study is at variance with that
reported in the studies of Cooper (2000) and Rerebradl, (2004). This difference may be associated
with the nutritional status of cows in the diffetérials.

Table 3. Effect of milking frequency (MF) and nutritionavel (NL) on somatic cell score (SCS units)
(mean SCC [x10cells/ml]), in the first 30 weeks of lactation

Milking frequency Nutritional level SEM Signimce

TAD OAD High Low MF  NL
Non-infected cows 4.61 (100) 4.46 (86) 4.15 (63) 934138) 0.110 NS kK
All cows 4.77 (118) 4.82 (124) 4.64 (104) 4.94 (140 0.077 NS **

TStandard error of the *** = P<0.001, ** = P<0.0MS = P>0.05
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Lactation curve characteristics

The objective of this part of the study was to canepthe lactation curve of cows on two milking
frequencies and two nutritional levels (NL). Miield was measured daily while milk protein content
was assessed weekly for each cow separately. Thailki(1987) exponential model was fitted using
PROC NLIN (SAS, 2005) to daily milk and protein tent:

v =a+ be®%t 4+

In this model,a, b andc are parameters to be estimated and relate todighthof the curve, the initial
phase and the phase post turning point, respegtared wherey, represents the dependent variable (i.e.,
milk yield or protein percent) at dayf lactation. The first derivative of the functifor each cow was set
to zero and solved for days in milk (DIM) to obtaire turning point on the curve. The definite imgdgf

the function was used to get 305-day milk yieldle&st squares analysis was performed on the co-
efficients of the function for each production edalie using PROC GLM (SAS, 2005). Milking frequency
(MF), NL and experimental block were included ie thhodel; a two-way interaction between MF and NL
was also tested.

The mean lactation curves for MF and NL are illattd in Figure 1 for milk yield (a) and
protein content (b). Cows milked OAD had a lowetlknyield (P<0.001) at calving and at peak
production (16.8 kg and 23.7 kg, respectively) cared to cows milked TAD (23.6 kg and 30.7 kg,
respectively). Milking frequency did not affect tregte of incline of milk production between calviagd
peak or the number of DIM to peak. However, peesisy of milk yield, (thec parameter of the function),
was greater with OAD compared to TAD milking (P<D.0The low NL also resulted in a lower milk
yield (P<0.01) at calving and at peak productiompared to the high NL. The rate of incline of milk
production between calving and peak was reduced.(B¥% and peak production was reached earlier
(P<0.05) with the low compared to the high NL. Tate of decline in milk production after peak was n
affected by NL. Total 305-day milk production wégrsficantly lower (P<0.001) for OAD milking (4,620
kg) than TAD milking (6,214 kg) and for low NL (28 kg) than high NL (5,910 kg). There were no
interactions for MF and NL.

Once a day milking resulted in a higher milk proteontent at calving (P<0.001) and at nadir (P<D.O0
The DIM at which nadir protein content occurred #émel rate of incline of protein content after naglas
not affected by MF. None of the above parametereeveignificantly affected by NL. Average milk
protein content across the 305 day lactation wgfigantly higher for OAD milking (3.66 g/100g)ah
TAD milking (3.42 g/100g) and for high NL (3.60 @Qg) than for low NL (3.48 g/100g).
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Figure 1. Effect of MF and NL on the lactation curve for (ajlk yield and (b) milk protein content

Processing quality of milk
This part of the study investigated the effect d@kimg frequency (MF) at two nutritional levels (Nllon

milk processing quality. Milk samples for procesibanalysis were collected from TAD and OAD
cows at two consecutive milkings and at one milkioignightly, respectively.

Gelation properties:

e GT = time until onset of gelation (min) (shor@®T most desirable in cheese-making)

e« G = gel strength at 50 min (Pa) (higher @&flects higher gel strength and is most des#abl

Generally, milk processability, as measured bytg@gproperties, N-fractions and plasmin activitgre

not adversely affected by OAD compared to TAD nnitkiTable 4 and Figure 2). This study

demonstrated that OAD milking reduced milk yieldlancreased fat and protein contents while not

compromising milk processing quality. In summary,
+ G’ and casein content of milk were improved by OADKmg

« GT, G and casein content of milk were improved by thghHWL
. Plasmin activity in milk was unaffected by MF oL N

Table 4. Effect of milking frequency and nutritional levah milk processing parameters

units/ml

Quality parameter Milking frequency, MF s.e.d. Nutritional level, NL s.e.d.
TAD OAD High Low

GT, min 19.7 19.4° 0.72 18.8 20.6° 0.64

G, Pa 85 105° 1.42 104 85° 3.8

Casein, g/100g 2.55° 2.76% 0.020 2.76 2.60° 0.017

Plasmin activity, AMC 0.329 0276 | 0.048 0.304 0.301 0.028

! = significant difference minimum of < 0.05; *AMC amino-methyl-coumarin
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Welfare of dairy cows
The objective of this part of the study was to stigate the effect of milking frequency and nudrital
level on cow welfare. Milking characteristics weeeorded daily. Blood samples to evaluate changes i
the composition of the blood cells, milk leakageéder tension and locomotory ability were measuired o
four occasions. Teat-ends were classified for Hygratosis (HK) monthly post-partum.

TAD had longer daily milking times (P<0.001) comparto OAD cows. There was no effect of
MF or NL on morning milking time, time to milk letdvn or peak milk flow rate (P>0.05) (Table 5).
High NL cows had higher average flow-rates (P<Oib@n low NL cows. Neither MF nor NL affected
HK (P>0.05). However, HK were positively correldteith daily milking time for OAD cows for six
months of lactation (P<0.05). This correlation vg&gnificant (P<0.01) for OH during the peak laatati
period. OAD cows had higher levels of milk leakagenpared to TAD cows during the month of May
(P<0.01) (Table 6). OH cows showed higher uddenriess scores than OL and TL in June and July
(P<0.05). OAD cows had higher locomotion scorempared to TAD cows (P<0.001) (Table 7).
Locomotion and udder firmness scores were sigmiflgacorrelated for OAD in June (P<0.05). OAD
cows had lower blood lymphocyte counts, numerichiggher counts of neutrophil and a higher monocyte
count at peak lactation compared to TAD cows sugggeshat OAD cows had altered immune responses.
The increase in milk leakage, higher udder firmreess locomotion scores in conjunction with charniges
blood cells, suggests that OAD milking may haveseausome discomfort to the cows during peak
lactation. Changes in the management and feedingine of OAD cows during this period could

ameliorate this problem.
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Table 5. Effect of milking frequency (once or twice) andtritional level (high or low) on daily milking
time and milking characteristics at the morningkinig.

Milking Frequency Nutritional Level

Twice Once High Low s.e.m.
Daily milking time (secs) 692 414 570 536 17.88
Morning milking
Milking time (secs) 386 414 416 384 15.50
Time to let-down (secs) 0.37 0.35 0.35 0.37 0.010
Peak milk flow rate (I/min) 4.36 4.45 4.56 4.24 @81
Average milk flow rate (I/min) 2.45 2.58 2%3 2.41° 0.075

abedyalues within rows with different superscripts diierent (P<0.00 1land P<0.05, respectively).

Table 6. Effect of milking frequency (once or twice) anditritional level (high or low) on proportion of
cows (%) (number affected/number inspected) leakiilly at four sampling dates

Milking frequency Nutritional level
Sample date Twice Once High Low
225 April 23 (7/30) 43 (13/30) 33 (10/30) 33 (10/30)
20" May 17 (5/30% 53 (16/30§ 30 (9/30) 40 (12/30)
17" June 24 (7/29) 30 (9/30) 23 (7/30) 31 (9/29)
18" July 7 (2/30) 23 (7/30) 17 (5/30) 13 (4/30)

2Pyalues within rows with different superscripts difierent (P<0.01)

Table 7. Effect of milking frequency (once or twice) on leaotion scores (Ismean) of cows at four
sampling dates

Milking Frequency

Sample date Once Twice s.e.m.
215 April 10.48 8.3% 0.225
20" May 8.41 7.52 0.225
17" June 6.90 7.03 0.225
18" July 7.22 6.83 0.225

2P yalues within rows with different superscripts different (P<0.001).

Behaviour and hoof health of dairy cows at pasture

The objective of this part of the study was to aa& the effect of milking frequency (MF) and ntirial
level (NL) on behaviour and hoof health of spriradving dairy cows. Hoof lesion scores were recdrde
prior to housing, monthly for the first six montbilactation and at housing in November. Behaviwas
recorded directly by instantaneous scan samplinday, July and September for 6x24hr sessions.

Milking frequency had a significant effect on thenmber ofsolehaemorrhages with OAD cows
having fewer haemorrhages at 180 (P=0.059) and(R88.01) days in milk (Figure 3). Furthermore,
OAD cows had a significantly lower probability okihg affected by a severe haemorrhage (odds
ratio=0.33, 95% C.I. 0.134 to 0.829; P<0.05). Ehems no effect of nutritional level on the numbér
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solehaemorrhages recorded in cows during lactation (30 Thus, OAD milking improved the hoof
health of cows in late lactation probably due twdo rates of hoof wear owing to shorter walking
distances during the grazing season.

OAD cows spent longer lying than TAD cows (P<0.004&ble 8). They also spent more time grazing
than TAD cows (P<0.01). Cows on the high NL spenger ruminating than cows on the low NL (P<0.001)

@ OAD B TAD

No. Sole haemorrhages
w

30 58 87 116 147 180 238
mean no. days in milk

Figure 3. Effect of milking frequency on the number of stl@aemorrhages recorded in cows during

lactation

Table 8 Effect of milking frequency and nutritional levah time spent (Ismean hr) lying, grazing and
ruminating during lactation

Milking frequency Nutritional level sem

OAD TAD High Low
Lie 10.58 9.7 10.2 10.0 0.140
Graze 9.8 8.6 8.8 8.8 0.130
Ruminate 7.5 7.4 77 7.2 0.095

Values within rows with superscrigtéand™ are significantly different (P<0.01 and P<0.001)
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Part 4: Economics associated with labour efficiency

Relationship between labour efficiency, productiorsystem and profitability on dairy

farms in Ireland

Introduction
Fostering competitiveness is a key aim within dagy There is a need to examine current performamd
identify the determinants of economic efficiencVhere is a wide dispersion in economic efficieneyween
dairying enterprises of similar scale, which suggésat there is scope to increase efficiency withiocreasing
output. Benefits of larger scale include highdsolar productivity. However, there are also vadas in
economic efficiency not related to scale, and tteeeepotentially available to all farmers, e.g. centrate:milk
conversion ratio. Thus, the cost of inputs inclgdiabour and the efficiency with which they arediseust be
investigated. The strategy to increase incomddi@e-scale farmers may be to reduce costs thusdsing
profitability and for small-scale farmers by gaigiilmcome from a second occupation. This studystigates
the effect of scale and production system, and théerent impact on labour demand, and in turnfasm

profitability, and looks at the characteristics ariging economically efficient farms.

Materials and methods
This study focused on the full-time dairy farmewsith a business size of at least 135 4itfes of milk quota
and mainly from the Munster region, that were ineal in the Moorepark labour study (End of projesgiart
4678). One hundred and forty three dairy farmetsapo participate in the labour aspect of the windially.
Proportionally 0.81, 0.17, and 0.02 of these fahad spring, spring and autumn (mixed) and autunhinza
herds, respectively. The farms ranged in milk gusize from 135 x10to 1,500 x18 litres. The spring-
calving farms were grouped into four categoriegthv.26, 0.23, 0.22 and 0.29 of farms within thetqu
groups 135 x1bto 250 x186 litres >250 x16 to 320 x18 litres, >320 x18to 500 x18 litres and >500 x10to
1,500 x18 litres, respectively.
Farm labour input data collection
Farm labour input data were collected betweengglpr2000 and January 2001 on the 143 farms. Gulle
of labour data required all farm operators (farmemd/or farm staff) to record the duration of thedent
tasks that they performed throughout the day. Riscavere made on consecutive 3 or 5-day periodsnen
occasion per month (usually on the second or thietk of the month). Recording methods included a
timesheet or a Psion organiser (i.e. a hand-hdkttrenic data logger that incorporated the Obgerve
behavioural package [Noldus Information Technoldglgbth of which were designed to record the tttaé
consumed by 29 different farm tasks.
Farm financial data collection
A total of 57 farms of the 143 labour study farnosnpleted a ‘profit monitor programme’ for the y&4100.
This ‘profit monitor programme’ is designed to regtdinancial data that allows farm finances to be
calculated, evaluated and monitored. Of the 57 $athat completed the profit monitor, 50 were spring
calving herds and 7 represented a mixed springfautmilk production system. Of the 50 spring-cadyin
herds, 10, 19, 11 and 10 were within the milk qucagegories (ranges) 1 (135%1@ 250x18 litres); 2
(>250x1G to 320x18 litres); 3 (>320x1d to 500x16 litres) and 4 (>500 xFfoto 1,500 x18 litres),
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respectively. Herds in milk quota categories 13 2nd 4 and the spring/autumn mixed herd had agerag
milk quota sizes of 224x$p281x10, 386x16, 721x1G and 609x1d litres, respectively. The profit monitor
programme was completed by a Teagasc agricultdkgdar in conjunction with the farm owner or manage

Definition of profit monitor terms
The value of gross margin may be considered astimation of farm effectiveness. The gross mardiaro

enterprise is its output less its variable cofariable costs represent costs that are linked thighvolume of
production, and include meal cost, fertilizer casttractor cost and AI/VET cosEixed costs represent costs
that do not depend on the volume of production, their value remains unchanged within the limifsao
definite volume of production. Such costs includachinery costs, car/ESB/phone and depreciationstsCo
related to other enterprises are not reported Hestal dairy outputaccounts for milk sales, milk used in-
house, calf sales, calves transferred, cow sat®g,puirchases, replacements transferred, calf pseshand
inventory changes in cows. Common dairy astounts for dairy variable costs, plus dairy fixedts, less
hired labour, interest, land and quota lease cd&stsnmon dairy profit represents total dairy outfrgs
common dairy costs. Profit (net margigpresents total output less inputs, i.e. commany gaofit less costs
of hired labour, interest, land and quota leasalc@ated common dairy profit per hour representalt

common dairy profit of the farm divided by the nuenlof hours of dairy labour input.

Results

Indicators of farm economic efficiency are shownTiable 1. Total dairy output increased signifitant
(p<0.001) with an increase in milk quota size foe spring milk production system. Total dairy outper
litre of the spring/autumn group was similar tottbhcategory 4 of the spring milk production systeWhile
cow number was significantly lower (p<0.05) in thgring/autumn group than in category 4, milk yipkt
cow was generally higher (p<0.001). Total variatdets per litre were similar for all quota categsrand the
spring/autumn production system. Gross marginlifrer of the spring/autumn group was similar tottbé
milk quota categories 2, 3 and 4. Common dairyscesre significantly reduced (p<0.01) and commanyda
profit significantly increased (p<0.001) with arciease in quota size of the spring system. Thenmuam
dairy costs for the spring/autumn system was nuwaltyi higher than for quota category 4 (1.5 ceinJiand
numerically lower than categories 2 and 3 of théngpsystem. Categories 2 and 4 had the loweshagttest
fixed costs per litre, respectively. These fixedts included the cost of hired labour, leasintaoél and milk
quota and interest payments on farm loans. Hirbduacosts were higher (p<0.01) for category 4 faend
the spring/autumn group compared to category 1 darvhile cost of leasing land was not significantl
different for the different farm groups examinedsicof leasing milk quota and cost of leasing land milk
guota combined was significantly higher for catggbrcompared to categories 1 and 2 and the springfan
system. Interest payments on farm loans wereairfal all of the groups examined.

Variation in dairy labour input in terms of houmfeyear for spring-calving herds are shown in
Figure 5. The 20 % most and least efficient farrad b labour input per cow of 22.8 and 61.4 h par,ye
respectively. The most efficient farms had appratety 720 h less dairy labour input with an averbged

size of 121 cows compared to the least efficiemhgawith an average herd size of 54.
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Table 1.Economic efficiency indicators of farms of diffetamilk quota size within a spring milk
production system and a mixed (spring/autumn) miliduction system

Spring milk production system Spring/ s.e.d. sig.
Milk quota category autumn
system
1 2 3 4
Av. milk quota (litres) 224x16 | 281x16 | 386x16 | 721x18 | 609 x 16
Total dairy output (Euro) 67,014 86,531 | 119,709 | 224,649 | 180,825 | 18,164 [ *=
Total dairy output/litre (cent) 27.82 29.72° 30.34* 30.67° 32.61° 0.92 HE
Cow number 46.7% 55.7° 70.7%® 140.%° 90.3° 12.04 o
Milk yield/cow (litre) 5189° 5336° 5701% 5267° 6180° 289.6 w*
Variable costsl/litre (cent) 6.60 6.70 6.81 5.84 7.06 0.60 ns
Meal cost/litre (cent) 1.82 1.68 1.94 1.63 2.61 0.34 ng
Fertiliser cost/litre (cent) 1.49 1.55 1.66 1.30 1.42 0.16 ng
Gross margin/litre (cent) 21.212 23.03° 23.55" 24.82 25.51° 1.01 o
Common dairy costs/litre (cent 1231 11.24%® 11.14® 9.29" 10.80% 0.83 o
Common dairy profit/litre (cent)  15.48° 18.51° 19.21° 21.37° 21.80° 1.11 ok
Fixed costs/litre (cent) 7.50% 7.10° 8.60% 10.20°° 7.40% 0.97 o
Hired labour cost/litre (cent) 0.44 0.79%® 0.87® 1.72° 1.93° 0.40 o
Leasing costs/litre (cent) 0.72 1.3% 2.7® 4.4° 1.1% 0.74 Hx
(Land+milk quota)

a, b, C

** = p<0.01; *** = p<0.001; ns = p>0.05

values within a row not sharing a common supgrserere significantly different:

8

Least efficient 20 %
Av.=61.4 h/cov

Time (h/cowl/year)

o B &8 8 8

Most efficient 20 %
Av.=22.8 h/cov

Figure 1. Variation in average labour input in terms of hécwsv/year of spring-calving herds
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Farm labour efficiency characteristics are showTable 2. Dairy labour input per year was signifitba

higher for category 4 and the spring/autumn sysfpx®.001) compared to categories 1 and 2. However,

while labour input per cow was not statisticallgrsficant across the different groups, the labayput per

cow was considerably lower for category 4 compaoeithe other groups. Economic output per houraifyd

labour, gross margin per hour of dairy labour anchimon dairy profit per hour were significantly hegh

(p<0.001) for category 4 than for the remainingug® of the spring system, while those of the spainigimn

system were intermediate.

Table 2. Labour efficiency indicators of farms of differemilk quota size within a spring milk production
system and a mixed (spring/autumn) milk productigstem

Spring milk production system Spring/ | s.e.d. sig.
Milk quota category autumn
System
1 2 3 4

Av. milk quota (litres) 224x16G | 281x16 | 386x14 | 721x16 | 609 x 18
Total labour input/year (hour) 2387 2667 3146° 4049 39417 | 4039 *=
Dairy labour input/year (hour) 2160 24117 2912%° 3832 3671° | 367.3| =
Labour input/cow 447 44.4 43.0 29.7 45.6 6.15 0.06
(hour)
Output/hour of dairy labour 34.9° 39.2% 41.7° 63.0° 482" | 6.52 ok
(Euro)
Gross margin/hour dairy labour 26.8° 30.7% 32.1° 50.9° 37.8® | 5.40 ok
(Euro)
Common dairy profit/hour (Euro 196 25.0° 26.1° 43.6° 32.6® | 4.75 ok

a, b, C

*** = p<0.001; ns = p>0.05

values within a row not sharing a common supgrserere significantly different:

Characteristics of the 20 % most and least efficsggring-calving farms in terms of economic effigiy,

measured as common dairy profit per litre are shiowiable 3. The 20 % most and least efficient faimad a

common dairy profit per litre of 22.6 and 14.2 ¢geespectively. The most efficient farms had arrage herd

size larger by 35 cows, an individual cow milk viebf approximately 550 litres higher and required

approximately 10 h less labour input per cow coragdo the least efficient group.

Table 3: Characteristics of the 20 % most and least efficspning calving herds in terms of economic
efficiency, measured as common dairy profit pee lit

20 % most efficient 20 % least efficient
Mean Std. Min. Max. Mean Std. Min Max
Dev. Dev.

Common dairy profit 22.6 1.63 214 25.9 14.2 1.87 10.8 15.
per litre (cent)
Gross margin per litre (cent) 25.9 1.62 23.6 282 0.32 2.49 15.8 23.7
Common dairy costs 8.9 2.00 6.2 13.0 13.1 1.61 10.8 15.¢
per litre (cent)
Cow number 89 64 47 251 54 13 35 85
Milk yield per cow (litre) 5604 686.93 4673 6700 50 | 593.15 4023 5945
Labour input per cow (hour) 35.0 14.03 16.9 61.0 .245|  11.20 25.2 73.7
Variable costs per litre (cent) 5.6 1.11 5.1 7.3 37 210 5.2 9.7
Meal cost per litre (cent) 1.3 0.53 0.3 1.8 2.0 20.8 0.0 2.7
Fertilizer cost per litre (cent) 1.5 0.33 1.2 2.3 61 0.59 0.39 2.29
Contractor cost per litre (cent) 0.9 0.43 0.0 1.3 31 0.39 0.7 1.6
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Gross margin for the most efficient group was apimately 5.6 cent per litre higher than for theskea
efficient group. The reduced variable costs (kiit@er litre) associated with the most efficieraup were
due mainly to lower meal costs (1.3 compared toc2st per litre) and lower contractor costs (0.Bhpared
to 1.3 cent per litre). Replacement costs peg,léind returns from calf sales and cull cow saleswower by
1.7, 0.4 and 0.6 cent per litre, respectively Far most efficient group.

Discussion
The increase in total dairy output associated tithincrease in spring herd milk quota size andribgmum
dairy output per litre for spring/autumn milk waspected. While a trend towards higher variable cosis
observed for the spring/autumn group, the milk poedl by these herds carried a higher value, daebttnus
or premium price being attached to this milk. Thergy quota group most similar to the spring/autugynoup
in terms of herd size was category 3. However nilmaerically higher and lower meal feeding costs ey
and fertilizer costs per litre, respectively, oéthpring/autumn group compared to quota categosas not
unexpected, due to a large proportion of the mékng produced indoors by the spring/autumn groupe T
numerically higher meal input costs per litre assed with the spring/autumn system may have adeoun
for the significantly higher milk yield per cow fdéhat group, compared to that of quota categorjesdnd 4.
Thus, the higher yield per cow of the spring/autugnoup together with high value milk resulted im#sar
dairy output to that with quota category 4, buthadt significantly lower cow number. The increasetilt
dairy output and numerically reduced variable castsociated with increased spring milk quota stezeilted
in a relatively high gross margin per litre for gmaategory 4. The higher level of fixed costs obse for
quota group 4 compared to quota group 2 was prglihl# to hired labour and milk quota leasing codtke
apparently similar land leasing costs on many efdtmallest and largest farms may result from thedd land
costs (associated with leased quota) on the |dagers being assigned to a beef enterprise.

The lower common dairy costs observed for quotagmaty 4 compared to quota category 1 may be
due in part to an economy of scale, such as loweal mprices associated with large-scale purchasesjra
part to the fact that large farms generally tendoperate more low-cost systems than small farm& Th
numerically higher common dairy costs observedtffier spring/autumn group compared to quota catedory
may include increased costs of farmyard infrastmectind slurry storage associated with milk produmeer
the winter months. Conversely, common dairy proéit litre increased with an increase in scaléefgpring
system and with the spring/autumn system. Theeas®d value of the milk, numerically lower replacain
costs and generally good returns from calf and @V sales overcame the numerically higher variabkts
of the spring/autumn group compared to categoryThe lower replacement costs associated with the
spring/autumn group is probably due to the oppdtyuof that group to re-present the non-in-calf ctw
breeding in the next season.

However, common dairy profit is not always a tr@laction of net margin or profit from the
enterprise, as it does not include hired laboutsgdeasing costs and interest repayments on faansl
Increased hired labour costs associated with qgaiap 4 and the spring/autumn group compared tdaquo
group 1 may be due to increased scale of enterpriseyear round milk production, respectively. \&hil
overall dairy labour input per year increased withk quota size, labour input per cow was reducHus
resulted from an economy of scale effect. Labowstage may be sometimes observed within the
spring/autumn system, since a second labour unit beaemployed to contribute to the increased labour

demand of year-round milk production (two calvingdawo breeding seasons), while at the same tinag, m
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not be fully utilized at a herd size of 70 cowseThbw rate of change of ownership of land in Irelan
combined with the milk quota regime means thatramease in scale can only be achieved by leasifig mi
guota in most cases, as in this study. The sigaritiy higher costs of hired labour and leasingther large
quota category could have the effect of reducingmargin profit per litre to a level similar to thef the
smaller quota groups. Spring/autumn milk produgaserally have high value milk and low leasing spst
thus net margin profit per litre may not be advirsdfected for that group. When observed on amendc
return per hour basis, there should still be atsuitigl increase in net profit margin per hour atsed with
increased milk quota size. However, the increasesi of labour associated with the spring/autuystesn
may at least partly counteract the high value rfrithm that system and net profit margin per hour rbay
reduced.

The current study indicated that economicallycéfit farms (described in terms of common profit
per litre) showed substantial variation across darfiggms, and this was also evident across farassifled as
the top 20 % in economically efficient levels. T$tedy also indicated that farms described as ecmadiyn
efficient were of significantly larger scale thazpaomically inefficient farms. Farm scale will conte to be
increasingly important in the future. The charastars of these farms indicated an efficient mamaeyeat
strategy, in terms of lower costs, higher produtper cow and low labour input/cow to the systeime Tost
economically efficient farms (in terms of commorfirper litre) with an average herd size of 89 sdvad a
common dairy profit/l and common dairy profit/h 82.6 cent and € 36.2, respectively. These farms
represent a system where a sufficiently viable gustavailable and labour input is supplied by tien
owner. The 20% most efficient farms in terms dfdar input per cow had a common dairy profit/l and
common dairy profit/h of 19.7 cent and € 44dspectively. The common dairy profitth may be aeno
significant value than common dairy profit/l foretkmall-scale farm in a restricted quota situatgince that
value may influence the uptake of off-farm employme

In conclusion, large-scale farms are more effictbah smaller farms if the comparison is described
in terms of common costs. At present, and increggiin the future, large-scale farms will be neszgy in
order to create sufficient absolute income. Howgdee to the structure of the industry, as scateeiases,
hired labour costs and leasing costs increase amntity. Currently, these costs are preventintarge
portion of economic advantage that should be angréiom increased scale. In medium scale ent&piis
should be possible to make labour saving adjustsrterfiacilitate one operator to manage up to 1Q@scoAt
greater herd sizes the operator may have to bakleceost of repayments for improved infrastructioran
attempt to replace labour. Common dairy profit msuof € 44 and €17 per hour were obtained inntlost
and least efficient (in terms of labour input) sgricalving herds. Common dairy profit/h increasethwnilk
quota size. Common dairy profit/h of the springlemh group was similar to that of the highest spgatying
quota group. (Spring-calving herds were categorgetbrding to milk quota size.) Dairy labour ingegr
was also similar for these 2 groups, but milk qusize of the spring/autumn group was smaller byx102
litres. The positive impact of increased farm scatecommon dairy profit/l in spring-calving herdsasv
largely negated when farm profitability was consédk due to increased hired labour and leasingscost

associated with large-scale farms.
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Farm financial indicators of OAD milking technology

Introduction
Maximising labour efficiency will mean the use efduced levels of labour in a more productive manfidre
hypothesis posed in this study was that laboucieficy on Irish farms (and thus, farm profitabijlitpay be
increased by the introduction of a technology, saglonce a day (OAD) milking.

Materials and methods
Economic analysis was carried out on productioa datng the the Moorepark Dairy Systems Model (MDSM
(Shallooet al., 2004). The data represented that generated fherOAD milking trial reported in Part 3,
together with data from a repeat of that trialJustve of heifers, carried out in the subsequeaniryeThus, the
data used represented that of a herd incorpor2d#g heifers. The MDSM provided the mechanism bycwhi
the production data could be analysed economicdllyis is a stochastic budgetary simulation model
(formulated within a Microsoft Excel sheet) of airgiaproduction system. The OAD data for each of the
treatments, recorded in this trial were integrated the MDSM and farm profitability was determingat the
TAD and OAD milking frequencies at both the higlddaw nutritional levels. Key assumptions of the BId
include: Gross milk price (c/kg) = 22.5; Fat priggkg) = 274.3; Protein price (c/kg) = 547.4; Priegio,
protein to fat = 2:1; Quota lease price (c/l) =;R@placement heifer price (€) = 1,397; Cull covcr(€) =
270 (basic); Labour costs (€/month) = 1,905; Cotre¢a cost (€/tonne) = 190.

Results
The milk production data obtained in the evaluattdrifAD and OAD milking frequencies at high and low
nutritional levels were used in the economic ev#ma The effect of TAD and OAD milking frequencias
high and low nutritional levels on farm financiablicators is shown in Table 1. The number of cosepiired
to produce the same EU fat adjusted milk quotdaénTAD high nutritional level group was increaseahi 76
to 94, 95 and 111 for the OAD high, TAD low and OA@v treatments, respectively. Milk price was highe
for the OAD milked groups due to higher milk cohstints, however, milk sales were reduced compared t

TAD groups. Farm profit was reduced for OAD complai@ TAD groups by €4,205 and €4,630 at the high an
low nutritional levels, respectively.

Table 1. Effect of milking frequency (MF) and nutritionavel (NL) on farm financial indicators

TAD High OAD High TAD Low OAD Low
Cow number 76 94 95 111
Milk price c/l 23.7 25.9 23.4 26.7
S.R. Lu/ha 2.34 2.57 2.55 2.66
Milk sales kg 439,737 408,744 443,200 388,237
Milk Returns € 104,216 105,648 103,822 103,716
Total Costs € 121,732 136,492 139,355 152,278
Labour Costs € 34,651 34,156 39,233 38,256
Farm profit € 17,338 13,133 7,842 3,212
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Discussion
The economic indicators developed in the curremdystirstly showed that the reduced yield assodiatéth
OAD may be partially compensated by increased combers, assuming land is not limiting. In this srém
herd size was increased while maintaining simigdrour levels and OAD milking resulted in some |oss
income, but increased flexibility with regard tang and labour within the system. If a low cost dini)
approach was used to accommodate the extra coess,ptofitability would be more favourable for OAD
milking. Secondly, OAD milking, while retaining anslar herd size to the TAD milking regime wouldstét
in significantly reduced milk receipts. Howeveristioption would allow flexibility to explore the psibility of
carrying out some degree of alternative enterposeor off-farm. This potential additional income wid
partially compensate for the income loss from OAf avould positively contribute to family farm incem
Thirdly, the extra time saved with OAD milking mhg spent as leisure time.
Milking OAD will only suit the goals of some daifgrmers. The decision to change from TAD to OAD

milking requires a calculation of the trade-offyween economic and lifestyle goals.
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