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ABSTRACT

The global dairy industry needs to reappraise the sys-
tems of milk production that are operated at farm level
with specific focus on enhancing technical efficiency
and competitiveness of the sector. The objective of this
study was to quantify the factors associated with costs
of production, profitability, and pasture use, and the
effects of pasture use on financial performance of dairy
farms using an internationally recognized representa-
tive database over an 8-yr period (2008 to 2015) on
pasture-based systems. To examine the associated ef-
fects of several farm system and management variables
on specific performance measures, a series of multiple
regression models were developed. Factors evaluated
included pasture use [kg of dry matter/ha and stocking
rate (livestock units/ha)], grazing season length, breed-
ing season length, milk recording, herd size, dairy farm
size (ha), farmer age, discussion group membership,
proportion of purchased feed, protein %, fat %, kg of
milk fat and protein per cow, kg of milk fat and protein
per hectare, and capital investment in machinery, live-
stock, and buildings. Multiple regression analysis dem-
onstrated costs of production per hectare differed by
year, geographical location, soil type, level of pasture
use, proportion of purchased feed, protein %, kg of fat
and protein per cow, dairy farm size, breeding season
length, and capital investment in machinery, livestock,
and buildings per cow. The results of the analysis re-
vealed that farm net profit per hectare was associated
with pasture use per hectare, year, location, soil type,
grazing season length, proportion of purchased feed,
protein %, kg of fat and protein per cow, dairy farm
size, and capital investment in machinery and buildings
per cow. Pasture use per hectare was associated with
year, location, soil type, stocking rate, dairy farm size,
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fat %, protein %, kg of fat and protein per cow, farmer
age, capital investment in machinery and buildings
per cow, breeding season length, and discussion group
membership. On average, over the 8-yr period, each
additional tonne of pasture dry matter used increased
gross profit by €278 and net profit by €173 on dairy
farms. Conversely, a 10% increase in the proportion of
purchased feed in the diet resulted in a reduction in net
profit per hectare by €97 and net profit by €207 per
tonne of fat and protein. Results from this study, albeit
in a quota limited environment, have demonstrated
that the profitability of pasture-based dairy systems is
significantly associated with the proportion of pasture
used at the farm level, being cognizant of the levels of
purchased feed.

Key words: dairy system, pasture-based milk
production, cost control, profit

INTRODUCTION

The dynamics of global agriculture are constantly
changing due to the endless fluctuation of international
food markets, coupled with the increased globalization
of agriculture, policy changes globally, greater societal
expectations, and environmental constraints. All these
factors combined force the requirement for resilient
sustainable agricultural systems, with the highest food
safety standards, capable of withstanding external or
internal business shocks, or both. Additionally, it has
been estimated that the world will have to increase food
production by up to 70% by 2050 to feed its increasing
population (FAO, 2009). This will require producers
to maximize production efficiencies while minimizing
negative environmental effects. Many studies have re-
ported that pasture-based systems of milk production
have a distinct advantage over high input systems, with
grazing systems associated with greater global sustain-
ability, increased product quality, improved animal wel-
fare, and increased labor efficiency (Dillon et al., 2005;
Macdonald et al., 2008; Peyraud et al., 2010; O’Brien et
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al., 2012). However, there are further requirements to
increase efficiency and sustainability in pasture-based
systems. Increasing efficiency and profitability of a farm
business requires particular focus on increasing output
through increased pasture growth and use (Shalloo
et al., 2011), with previous research reporting major
potential for improvement in efficiency within pasture-
based systems in Ireland (Creighton et al., 2011; Kelly
et al., 2013). This is particularly important where there
are constraints of land availability contiguous to the
milking parlor (a requirement in pasture-based dairy
farming).

The influence of several grassland based traits on
costs of production and farm profitability have also
been previously investigated internationally, with the
relative cost of pasture as a feed source for livestock
production compared with grass silage and concentrate,
reported as 1: 1.8: 2.4, respectively, as calculated in 2010
(Finneran et al., 2010). Several factors associated with
a range of efficiency-based metrics have been identified,
including overall pasture use, grazing season length,
and overall pasture management, in several previous
studies (Shalloo et al., 2004; Macdonald et al., 2010;
Lapple et al., 2012; Ramsbottom et al., 2015). However,
our study was over a continuous prolonged period of 8
yr (2008 to 2015) using a national representative data-
base, providing more robust outcomes to determine the
most profitable strategies for pasture-based systems.

This study quantified the association between pas-
ture use and system parameters, and established the
associations with key system parameters on costs of
production and profitability across a longitudinal data
set (8 yr) of pasture-based dairy farms, albeit in a quota
limited environment. All of the outputs were used to
develop a set of key performance indicators that, when
implemented within the Irish dairy industry, have the
potential to increase the profitability of pasture-based
dairy systems.

MATERIALS AND METHODS
National Farm Survey Data

The data used in this analysis originated from the
Irish National Farm Survey (NFS; Hennessy and Mo-
ran, 2014), a survey that has been conducted by Tea-
gasc on an annual basis since 1972 and is representative
of pasture-based dairy farming in a mild, temperate
climate that is heavily influenced by the North Atlantic
Drift. The survey is conducted as part of the Farm
Accountancy Data Network of the European Union and
fulfills Ireland’s statutory obligation to provide data
on farm output, costs, and income to the European
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Commission. A nationally representative sample of
approximately 1,100 farms from all farming sectors
are surveyed as part of the program annually. The
NF'S classifies each farm into a farming system based
on its main farm enterprise, which is calculated on a
standard farm gross output basis. The 6 farm system
classifications within the NF'S include specialized dairy-
ing, dairying other, cattle rearing, cattle other, mainly
sheep, and tillage. For the purpose of this study, only
specialized dairy farms were used for data analysis. A
specialized dairy farm is a farm with >60% of the farm
gross output originating from dairying. The analysis
was conducted on NFS data from an 8-yr period (2008
to 2015), containing on average 257 specialized dairy
farms each year and 2,055 surveys in total. The analysis
was conducted over this time period in an effort to
test the robustness of the analysis across different years
(weather conditions) and milk price ranges. The NFS
has 8 defined geographical regions (locations), which
are Border, Dublin, East, Midlands, Southeast, South-
west, South, and West. Farms within the survey are
also categorized into high-, medium-, or low-quality soil
types. The outputs from the survey provide a range of
physical and financial performance indicators for each
farm such as farm details, stock details, product yields,
sales, purchases, costs, and profits including full recon-
ciled farm management accounts.

The analysis was completed by first undertaking a
series of calculations using Microsoft Excel (Microsoft
Corp., Redmond, WA), before being compiled together
for full statistical analysis with the SAS 9.3 (SAS In-
stitute Inc., Cary, NC) statistical analysis program.
The analysis was completed using specifically the dairy
enterprise and its associated stock numbers, land area
(dairy forage ha), financial details, and so on, to ensure
consistency between farms. Milk yield was measured
in kilograms of milk fat and protein per cow and per
hectare, with the results expressed per tonne of milk
fat and protein. Dairy forage ha was defined as the
land area that is specifically apportioned to grazing
and silage making for the dairy enterprise. Tables 1, 2,
and 3 contain a description of the data set of the dairy
enterprise and whole farm, respectively. Whole farm
parameters (Table 2) were examined for comparative
purposes across years. The whole farm performance
measures were calculated using total farm livestock
units and whole farm area, with family farm income
being total farm income including subsidies and direct
payments.

Pasture Use. The pasture use per hectare on each
farm was estimated using a back calculation based on
livestock energy requirements. The principle of the
calculation is livestock energy demand less feed energy



Table 1. The mean of a range of biological variables describing specifically dairy enterprises from the Teagasc National Farm Survey across the

years 2008 to 2015

PROFITABILITY IN PASTURE-BASED SYSTEMS

No. of Dairy Stocking Farmer Proportion of Pasture used Protein Fat Milk yield of fat
Year n cows  forage (ha) rate (LU?/ha) age (yr) purchased feed (kg of DM/ha per yr) (%) (%) and protein (kg/ha)
2008 256  56.5 30.1 1.89 51.3 0.23 7,605 3.36 3.83 626

(£35)°  (£18) (£0.43)  (£10) (+0.12) (+2,068) (£0.14)  (£0.19) (+215)
2009 228  56.5 29.7 1.91 49.9 0.22 6,951 3.35 3.84 592

(£37)  (£18) (£0.48)  (£11) (+0.13) (+1,908) (£0.17)  (£0.22) (+220)
2010 239  56.3 30.0 1.88 49.6 0.21 7,796 3.34 3.86 679

(£37)  (£18) (£0.46)  (11) (£0.1) (+1,973) (£0.14)  (£0.21) (+250)
2011 262 65.7 34.7 1.91 49.8 0.18 7,890 3.37 3.90 708

(£38)  (+19) (£047)  (£11) (40.09) (+2,122) (£0.12)  (+0.18) (+245)
2012 253 66.9 35.8 1.90 52.2 0.23 7,776 3.39 3.93 695

(£37)  (£19) (£0.48)  (£10) (40.09) (+2,072) (£0.15)  (£0.21) (£257)
2013 246  67.7 34.1 2.02 52.8 0.27 7,814 3.38 3.96 754

(£37)  (£18) (£051)  (£11) (£0.1) (+2,027) (£0.2)  (£0.19) (+262)
2014 263  68.9 34.1 2.07 52.8 0.22 8,426 3.42 3.99 787

(£38)  (+18) (£053)  (£11) (£0.1) (+2,172) (+0.18)  (+0.25) (+266)
2015 308  70.2 35.3 2.06 48.8 0.21 8,910 3.50 4.03 831

(£42)  (£23) (£052)  (+11) (40.09) (+2,497) (£0.15)  (+0.22) (+271)

"Performance measures contained in this table were derived from specifically the dairy enterprise of each farm using dairy stock and dairy forage

hectares, which is the land area specifically apportioned to grazing and silage making for the dairy enterprise.

LU = livestock units.

*Standard deviations in parentheses.

purchased onto the farm. The unité fourragere lait

Home grown energy (UFL)

) - . . ; = kg of DM.
(UFL; J arrige, 1989) energy value is the basic unit of Energy density (UFL J kg of DM) g
the calculation.
Total energy required (UFL) —energy purchased (UFL) = kg of DM = kg of DM/ ha.
area

home grown energy (UFL).

Table 2. Mean values of selected whole farm performance measures from the Teagasc National Farm Survey across the years 2008 to 2015

Family farm

Whole Stocking Pasture used Family farm income (€/kg of
Year n farm (ha) rate (LU?/ha) (kg of DM/ha per yr) income” (€/ha) fat and protein)
2008 256 454 1.71 6,728 1,057 3.07
(£30)° (£0.47) (+1,836) (£612) (+£1.74)
2009 228 43.0 1.95 7,282 540 1.34
(£25) (£0.62) (+2,423) (£444) (+£1.23)
2010 239 444 1.67 6,657 984 2.21
(£25) (£0.43) (£1,745) (£545) (£1.01)
2011 262 51.0 1.74 7,107 1,371 2.89
(£28) (£0.46) (+2,188) (£634) (£1.1)
2012 253 51.5 1.72 6,811 1,000 2.11
(£27) (£0.43) (£1,746) (£603) (£1.27)
2013 246 51.2 1.76 6,802 1,256 2.53
(£27) (£0.43) (£1,701) (£609) (£1.05)
2014 263 51.6 1.78 7,240 1,346 2.63
(£28) (£0.46) (+1,785) (£626) (£1.09)
2015 308 52.8 1.93 7,796 1,213 2.26
(£31) (£0.48) (+1,989) (£571) (£0.9)

"Whole farm performance measures were calculated using total farm livestock units, whole farm area, and total farm income including subsidies
and direct payments.

LU = livestock units.
3Family farm income is the remuneration to fixed factors of production of the farm (work, land, and capital) and remuneration to the entrepre-
neur’s risks (loss/profit) in the accounting year (FADN, 2010).

*Standard deviations in parentheses.
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The energy requirements of the stock were calculated
through a series of livestock energy requirement equa-
tions (O’Mara, 1996), with feed energy purchased onto
the farm calculated from purchase details provided.
The total energy required was calculated through 5
components: maintenance, milk production, pregnancy,
BW change, and growth. The livestock’s energy re-
quirements (UFL) were captured through the following
equations:

100 365

v B2

X 365 x no. of cows,

s (2] (25

Maintenance =

+

xl.l}

1]
where GSL represents grazing season length.

(0.054 x fat %)+ (0.031x protein %)
+(0.028 x lactose %) —0.015
X (total milk produced).

Milk production =

2]

Pregnancy (cows) = 153 UFL x cow numbers x 0.85, 3]

where 0.85 is the assumed proportion of cows pregnant.

BW change = cow numbers x 50 UFL. [4]

Growth (cows) = cow numbers x 35 kg x 4.5 UFL. [5]

Growth (01 yr olds) =[(3.73 UFL +4.24 UFL) /2]

x 365 xno. of 0—1 yr olds.
(6]

Growth (1-2 yr old heifers) = [(5.92 UFL +6.69 UFL) /2|

x 365 x no. of 1-2 yr old heifers.
7]

Pregnancy (heifers) =153 UFL xno. of heifers x0.95,
8]

where 0.95 is the assumed proportion of pregnant heif-
ers.

Growth (1-2 yr old cattle) = [(5.76 UFL +6.42 UFL) /2|

%x 365 X no. of 1-2 yr old cattle.
[9]

Growth and maintenance (cattle >2 yr old) =

(7.3 UFL 4 8.2 UFL) /2| x 365 x no. of cattle >2 yr old.
[10]

For the purpose of this analysis, several assumptions
were made based on previous research and industry
consultation as outlined in Table 4. The assumptions
were taken as averages across all farms across all years.

Table 3. The mean of a range of financial variables describing specifically dairy enterprises from the Teagasc National Farm Survey across the

years 2008 to 2015"

Gross Gross output  Variable Variable cost ~ Gross  Gross profit Total Total cost Net Net profit
output (€/kg of fat cost (€/kg of fat  profit  (€/kg of fat cost (€/kg of fat  profit  (€/kg of fat
Year n (€/ha) and protein) (€/ha) and protein) (€/ha) and protein) (€/ha)  and protein) (€/ha) and protein)
2008 256 3,325 4.82 1,250 1.95 2,075 2.98 2,361 3.54 964 1.43
(#1,220)° (£0.76) (£571) (£0.75) (£867) (£0.78) (£988) (£1.10) (£722) (£1.07)
2009 228 2,159 3.50 1,102 1.86 1,058 1.71 1,939 3.18 221 0.28
(+882) (£0.95) i527) (£0.72) (£534) (£0.79) (£853) (£0.99) (£468) (£1.01)
2010 239 2,975 4.40 1,149 1.72 1,825 2.69 2,145 3.22 830 1.18
(£1,086) (£0.37) i530) (£0.40) (£724) (£0.50) (£894) (£0.70) (£594) (£0.67)
2011 262 3,537 5.01 1,240 1.77 2,298 3.23 2,240 3.21 1,297 1.79
(£1,224) (£0.37) (i561) (40.48) i868) (£0.56) (£925) (£0.73) (£730) (£0.77)
2012 233 3,256 4.68 1,452 2.13 1,804 2.55 2,451 3.60 805 1.09
(£1,249) (£0.38) (i674 (£0.57) (i797) (£0.67) (£1,066) (£0.82) (£677) (£0.88)
2013 246 4,140 5.50 1,698 2.28 2,441 3.23 2,849 3.83 1,290 1.67
(£1,413) (£0.36)  (£711)  (£052)  (4913)  (£0.63)  (£1,112)  (£0.76)  (£757)  (+0.83)
2014 263 4,126 5.02 1,574 1.91 2,552 3.11 2,736 3.36 1,390 1.74
(£1,416) (£0.56) (£725) (£0.50) (i922) (£0.61) (£1,107) (£0.73) (£771) (£0.77)
2015 308 3,655 4.40 1,431 1.74 2,224 2.66 2,490 3.03 1,165 1.37
(£1,220) (£0.32) (£633) (£0.41) (£825) (£0.51) (£976) (£0.58) (£678) (£0.64)

"Performance measures contained in this table were derived from specifically the dairy enterprise of each farm using dairy stock and dairy forage
hectares, which is the land area specifically apportioned to grazing and silage making for the dairy enterprise.

*Standard deviations in parentheses.
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Table 4. Feedstuffs and livestock energy requirement assumptions used in the present study

Literature source

Assumptions

1 kg of DM of grass 1 UFL!

1 kg of DM of grass (Feb—Apr) 0.99 UFL
1 kg of DM of grass (May—July) 0.97 UFL
1 kg of DM of grass (Aug-Oct) 0.94 UFL
Mature dairy cow live weight 530 kg

Pregnancy rate
BW change
Growth

1 kg of fresh weight standard concentrate

19% CP (starch) 0.94 UFL
Maize gluten 30% 0.94 UFL
Maize distillers 26% 0.94 UFL
Barley 35% 0.94 UFL
Rapeseed meal 6.5% 0.94 UFL
Mineral-vitamin mix 2.5% 0.94 UFL
1 kg of fresh weight
Barley 1.00 UFL
Wheat 1.00 UFL
Maize 1.05 UFL
Oats 0.90 UFL
Soybean meal 1.02 UFL
1 kg of DM grass silage
62 DMD’ 0.682 UFL
68 DMD 0.759 UFL
72 DMD 0.810 UFL
76 DMD 0.862 UFL

McCarthy et al., 2013; McCarthy et al., 2014

O’Neill et al., 2013

Archbold et al., 2012

85% in cows; 95% in heifers
50 UFL/cow per year
35 kg/cow per year (157.5 UFL)

O’Mara, 1996

'UFL = unité fourragere lait.
DMD = DM digestibility.

Financial. The data set contained total production
costs, gross profit, and net profit for each farm. These
figures were divided per hectare and per kilogram of
fat and protein for comparative purposes. Production
costs consisted of both variable and fixed costs. Vari-
able costs were defined as expenses that were linked
to and change with output, whereas fixed costs were
defined as overheads that were fixed in the medium
term (did not directly change with output). Farm fixed
costs were allocated to the dairy enterprise based on
the proportion of farm gross output contributed by
the dairy enterprise (Hennessy and Moran, 2014). The
profitability of the farms included in the data set was
explored on both a dairy gross profit (gross output —
variable costs) and dairy net profit (gross profit — fixed
costs) basis. Results were expressed on a per unit of
product and on a per unit of land basis as these are
major limiting factors of the farm business, both in
the past (milk quota environment) and into the future,
when expansion is again possible.

Statistical Analysis

Factors associated with pasture use, production
costs, gross and net profits were determined using a

general linear model in PROC GLM (SAS Institute
Inc.). Factors considered for all 4 traits included year
(2008 to 2015), region (Border, Dublin, East, Midlands,
Southeast, Southwest, South, or West), soil type (group
1, 2, or 3), milk recording (yes or no), discussion group
membership (yes or no), and covariates pasture use (kg
of DM/ha), stocking rate (livestock units/ha), grazing
season length, breeding season length, herd size, dairy
farm size (ha), farmer age, proportion of purchased
feed, protein %, fat %, kilograms of fat and protein
per cow, kilograms of fat and protein per hectare, and
capital investment in machinery, livestock, and build-
ings per cow.

For each of the 4 dependent variables (i.e., pasture
use, production costs, gross profit, and net profit), a
multiple regression model was built using PROC GLM
in SAS. First, a test for multi-collinearity between the
independent variables was completed using the PROC
REG method, with variables with a variance inflation
factor >10 removed from the model. The multiple
regression models were built using a stepwise forward-
backward regression methodology, the significance
threshold for entry and exit of variables into/from the
model was set at 5% in the 4 models outlined below.

Journal of Dairy Science Vol. 101 No. 6, 2018
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Statistical Models

The 4 multiple regression models were investigated
independently with a chosen performance measure
included as the dependent variable. Each model con-
tained all system and management variables previously
outlined that had passed the multi-collinearity test.
The data set in each case included 8 yr (2008 to 2015)
of data containing 2,055 surveys in total.

Statistical model 1 investigated the factors associated
with pasture use per hectare on dairy farms. Statistical
model 2 investigated the factors associated with costs
of production per hectare and per tonne of fat and
protein on dairy farms. Statistical model 3 investigated
the factors associated with gross profit per hectare and
per tonne of fat and protein on dairy farms. Statistical
model 4 investigated the factors associated with net
profit per hectare and per tonne of fat and protein on
dairy farms.

RESULTS

Tables 1, 2, and 3 provide a brief description of the
data set over the 8-yr period, which demonstrates how
variables have changed over time, with the source data
set subsequently used for statistical analysis. These ta-
bles indicate a general trend of increased cow numbers
and higher stocking rates over the time period. The
proportion of purchased feed used on farms remained
relatively static, with an average of 22% of each farm’s
energy requirement purchased annually in the form of
concentrate (19%) and other forages (3%), on a DM
basis. Meanwhile, whole farm pasture use per hectare
per year varied from a mean of 6,728 kg of DM per
hectare in 2008 to 7,796 kg of DM per hectare in 2015
(Table 2), which coincides with a general rising trend in
milk fat %, protein %, stocking rate, and milk output
per hectare (Table 1). As expected, net profit figures
varied throughout the study period in accordance with
the significant milk price fluctuations observed at farm
level (Table 3).

Statistical Model 1

This model investigated the factors associated with
pasture use on pasture-based dairy farms using mul-
tiple regression analysis (Table 5). In total, 13 factors
(year, region, soil type, stocking rate, dairy farm size,
fat %, protein %, kg of fat and protein per cow, farmer
age, capital investment in machinery and buildings
per cow, breeding season length, and discussion group
membership) were associated (P < 0.05) with pasture
use, explaining 84% of the variation in pasture used

Journal of Dairy Science Vol. 101 No. 6, 2018

per hectare on dairy farms. The associated factors can
be characterized into fixed, structural, and technical
effects by the varying degrees to which a farmer can
influence them. Factors such as year (P < 0.001), re-
gion (P < 0.001), soil group (P < 0.001), and farmer
age (P < 0.05) are fixed in their nature, with a farmer
having less control over them. Structural variables such
as dairy farm size (P < 0.001) and discussion group
membership (P < 0.001) can be more easily altered,
and the benefits of such may be realized in the medium
term. Technical management effects such as stocking
rate (P < 0.001), milk protein % (P < 0.01), and fat %
(P < 0.01) are under complete control by the farmer.
The analysis indicates that increasing stocking rate by
one cow per hectare was associated with an increase in
pasture used of 3,429 kg of DM (SE = 45) per ha per yr.
Farmers who were part of a discussion group and also
farmers that had higher fat and protein percentages in
their milk tended to use larger quantities of pasture. A
1 unit increase in fat % and protein % associated with
an increase in pasture used per hectare per year of 366
kg of DM (SE = 123) and 543 kg of DM (SE = 195),
respectively. On average, farmers that participated in a
discussion group were associated with having a higher
pasture use of 355 kg of DM (SE = 44) per ha per yr.

Statistical Model 2

This model investigated the factors associated with
total costs of production per hectare and per tonne of
fat and protein on pasture-based dairy farms (Table
6). Year, region, soil group, pasture use, proportion of
purchased feed, protein %, kg of fat and protein per
cow, dairy farm size, capital investment in machinery,
livestock, and buildings per cow, and breeding season
length were significantly associated with total costs of
production per hectare in the multiple regression model
(P < 0.05), with all factors together explaining 72% of
the overall variation in total costs of production per
hectare. Fourteen factors (year, region, soil group, pas-
ture use, proportion of purchased feed, protein %, kg of
fat and protein per cow, dairy farm size, milk record-
ing, discussion group membership, capital investment
in machinery, livestock and buildings per cow, and
breeding season length) had a significant (P < 0.05)
association with production costs per tonne of fat and
protein, with the factors explaining 48% of the overall
variation between farms. At a farm level, moderate
changes in technical management, such as pasture used
(P < 0.001), purchased feed (P < 0.001), and protein %
(P < 0.001), had a large effect on production costs per
hectare. A 10% increase in the proportion of purchased
feed had an associated increase in additional costs per
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Table 5. Regression coefficient (estimate) and the associated P-value for factors associated with pasture use
per hectare per year estimated using a multiple regression model*

Pasture use (kg of DM /ha per yr) Estimate (SE) P-value
Year <0.001
Region <0.001
Soil group <0.001
Stocking rate (LU?/ha) 3,429 (45) <0.001
Dairy farm size (ha) —5.25 (1.22) <0.001
Fat (%) 366 (123) <0.01
Protein (%) 543 (195) <0.01
Milk yield of fat and protein (kg/cow) 5.86 (0.29) <0.001
Farmer age (yr) 3.86 (1.9) <0.05
Machinery investment (€/cow) 0.073 (0.035) <0.05
Buildings investment (€/cow) —0.063 (0.02) <0.01
Breeding season length (d) —1.14 (0.28) <0.001
Discussion group member (yes/no) 355 (44) <0.001

'Pasture use (kg of DM/ha per yr): R* = 0.84; sample size: n = 2,055.

’LU = livestock units.

hectare of €499 (SE = 15.2). A 1 unit increase in milk
protein % was associated with a reduction in produc-
tion costs per hectare and per tonne of fat and protein
of €365 (SE = 105) and €419 (SE = 114) respectively,
with this most likely being a product of both cow and
management efficiency. Other variables, though signifi-
cant, are under the farmer’s control to a lesser extent
(i.e., year, region, and soil group).

Statistical Model 3

This model investigated the factors associated with
gross profit per hectare and per tonne of fat and protein
on pasture-based dairy farms (Table 7). In the model,
7 factors (year, region, soil group, pasture use, grazing
season length, fat %, and kg of fat and protein per cow)

were found to have a significant (P < 0.05) association
with gross profit per hectare and accounted for 86% of
the observed variation. Also, 9 factors (year, region, soil
group, pasture use, grazing season length, proportion of
purchased feed, fat %, kg of fat and protein per cow, and
breeding season length) had a significant (P < 0.05) as-
sociation with gross profit per tonne of fat and protein,
with these factors explaining 65% of the overall varia-
tion between farms. Again, the factors identified were
both fixed effects (year, region, and soil group) that the
farmer has less control over, and technical management
effects that the farmer has greater control over such as
pasture used per hectare (P < 0.001), grazing season
length (P < 0.001), and production factors such as kilo-
grams of fat and protein per cow (P < 0.001) and fat %
(P < 0.01). Each additional kilogram of fat and protein

Table 6. Regression coefficient (estimate; standard error in parentheses) and the associated P-value for factors associated with production costs
per hectare (€/ha) and per tonne of fat and protein (€/t of fat and protein) estimated using the multiple regression models'

Production cost (€/ha)

Production cost (€/t of fat and protein)

Ttem Estimate (SE) P-value Estimate (SE) P-value
Year <0.001 <0.001
Region <0.05 <0.001
Soil group <0.001 <0.001
Pasture use (kg of DM /ha) 0.25 (0.007) <0.001 —0.06 (0.008) <0.001
Proportion purchased feed (10% increase) 499 (15.2) <0.001 268 (16.3) <0.001
Protein (%) 365 (105) <0.001 —419 (114) <0.001
Milk yield of fat and protein (kg/cow) 1.08 (0.2) <0.001 -3.8(0.2) <0.001
Dairy farm size (ha) 1.79 (0.71) <0.05 2.6 (0.8) <0.01

Discussion group member (yes/no) NS —92 (30) <0.01

Milk recording (yes/no) NS 129 (32) <0.001
Machinery investment (€/cow) 0.164 (0.02) <0.001 0.2 (0.02) <0.001
Livestock investment (€/cow) —0.08 (0.03) <0.05 —0.09 (0.04) <0.05

Buildings investment (€/cow) 0.124 (0.01) <0.001 0.1 (0.02) <0.001
Breeding season length (d) 0.625 (0.17) <0.001 0.6 (0.2) <0.001

"Production cost €/ha: R* = 0.72; production cost €/t of fat and protein: R? = 0.48; sample size: n = 2,055.
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!Cross profit €/ha: R* = 0.86; gross profit €/t of fat and protein: R* = 0.65; net profit €/ha: R* = 0.62; net profit €/t of fat and protein: R* = 0.42; sample size: n = 2,055.

per cow was associated with an increase in gross profit
per hectare by €3.30 (SE = 0.1) and by €0.72 (SE =
0.15) per tonne of fat and protein.

Statistical Model 4

This model investigated the factors associated with
net profit per hectare and per tonne of fat and protein
on pasture-based dairy farms (Table 7). In the model,
11 factors (year, region, soil group, pasture use, graz-
ing season length, proportion of purchased feed, dairy
farm size, protein %, kg of fat and protein per cow, and
capital investment in machinery and buildings per cow)
had a significant (P < 0.05) association with net profit
per hectare, and accounted for 62% of its variation.
Twelve factors (year, region, soil group, pasture use,
grazing season length, proportion of purchased feed,
dairy farm size, kilograms of fat and protein per cow,
capital investment in machinery, livestock, and build-
ings per cow, and discussion group membership) had a
significant (P < 0.05) association with net profit per
tonne of fat and protein, explaining 42% of the overall
variation between farms. Net profit per hectare and per
tonne of fat and protein were significantly associated
with a range of fixed, structural, and technical manage-
ment effects that were under varying levels of farmer
control. Pasture use (P < 0.001), grazing season length
(P < 0.001), and kilograms of fat and protein per cow
(P < 0.001) were significantly positively associated
with both dependent variables, whereas proportion of
purchased feed (P < 0.001), dairy farm size (P < 0.01),
and capital investment in machinery (P < 0.001) and
buildings (P < 0.001) were significantly negatively as-
sociated with net profit. Longer grazing season lengths
and increased pasture use were significantly associated
with an increase in net profit per hectare of €1.85 per
day (SE = 0.45) and €173 per tonne of DM (SE = 6.34),
respectively. Increasing the proportion of purchased
feed on farm by 10% was associated with a reduction in
net profit per hectare of €97 (SE = 13.7) and net profit
per tonne of fat and protein of €207 (SE = 19.6).

DISCUSSION

The increased levels of milk price volatility and the
cash flow pressures this places on farms requires a
complete refocus on farm efficiency and, in particular,
business resilience (Shadbolt, 2012). It is necessary to
focus on the key system components that give competi-
tive advantage to a system (Langemeier, 2010). In this
case, pasture-based systems have a cost-benefit advan-
tage in the ability to convert cheap feed in the form of
grazed grass (Dillon et al., 2005) into low-cost milk, in
comparison to other feedstuffs (Finneran et al., 2010),
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in an environmentally sustainable manner (O’Brien et
al., 2010).

Costs of Production

In this study, the cost of milk production was sig-
nificantly associated with year, region, and soil group,
which can be due to a wide range of factors such as the
cost of inputs, land quality, system operated, weather
conditions, and milk price (consequently influencing
expenditure). For example, during periods of high milk
price, farmers may increase production through in-
creased purchased feed and in turn increase production
costs and vice versa in a low milk price situation. The
data demonstrated the mean annual variation in pro-
duction costs across the 8 yr ranged from a low in 2015
to a high in 2013, when examined per unit of product.
On average, the costs of production per hectare actu-
ally increased for each additional tonne of pasture used
per hectare; however, this increase was associated with
increased stocking rates, which have proven to be a key
driver of pasture use. This study indicated pasture use
per hectare was significantly associated with a reduc-
tion in production costs per tonne of fat and protein,
demonstrating that increasing milk production from
increased pasture use improves cost efficiency, and has
the potential to be the key driver of increasing resilience
within pasture-based systems going forward. This study
also indicated no association between production costs
and grazing season length, but grazing season length
had a significant positive association with profitability
variables investigated. Previous studies have reported
major advantages to extended grazing season lengths
(Lapple et al., 2012) and the increased proportion of
grazed grass in the diet (Dillon et al., 2002). Similar to
the results reported by Shalloo et al. (2004), we dem-
onstrated as the proportion of purchased feed on dairy
farms increases, and production costs per hectare and
per tonne of fat and protein increase. This also agrees
with the recent findings reported by Ramsbottom et
al. (2015), with the associated increases in production
costs resulting from increases in both variable and fixed
costs, indicating the effects of purchased feed on farm
being far greater than increases in the direct feed costs
alone.

Gross Profit

The factors associated with gross profit per hectare
and per tonne of fat and protein in this study, were sim-
ilar to the factors associated with costs of production.
The advantages of high levels of grazing management
have been reported internationally, with an American
study showing greater profits and more efficient asset

use, operating practices, and labor efficiency (Dartt et
al., 1999) associated with grazing management. In New
Zealand, the importance of pasture use for cost-efficient
milk production has also been highlighted (Macdonald
and Penno, 1998; Macdonald et al., 2010). In this study,
which was conducted during quota limited environment,
an increase in milk fat and protein production per cow
was associated with significant increases in gross profit
per hectare and per tonne of fat and protein.

Net Profit

Several core factors were associated with net profit
per hectare and per tonne of fat and protein on dairy
farms, with the results following the same trends as
the previous outlined results of the factors associated
with gross profit and production costs. Net profit per
hectare and per tonne of fat and protein increased, with
every extra tonne of pasture used combined with each
additional grazing day in the year also being associated
with an increase in net profit. This further emphasizes
previous detailed research on the increases in profit-
ability gained through extended grazing season lengths
(Shalloo et al., 2004; Kennedy et al., 2005; Kelly et
al., 2012; Lépple et al., 2012). There was an associated
reduction in net profit per hectare as dairy farm size
increased, which could possibly be as a result of an
increase in the proportion of employed labor within the
overall system. The use of purchased feed and its as-
sociation with profitability demonstrated in this study
is in agreement with a recent UK study which reported
that increasing proportions of nonforage feed in the diet
increases production costs and consequentially reduces
farm net profit (AHDB, 2012). An increase in milk fat
and protein production per cow was associated with
an increase in farm profitability per hectare, but only
when increases were gained from increasing the propor-
tion of grazed grass in the system.

Pasture Use

Pasture use has proven to be a major driver of profit
on dairy farms and hence it is important to understand
the barriers to improving pasture use. It is well known
that matching appropriate stocking rate to feed sup-
ply is a factor in achieving high levels of pasture use
and profitability on farm (Macdonald and Penno, 1998;
Macdonald et al., 2008). In Ireland, McCarthy et al.
(2011) reported a 20% increase in milk production per
hectare by increasing stocking rate by one cow per hect-
are, albeit with a reduction in the milk yield per cow.
Similar results have also been reported in New Zealand
(Macdonald et al., 2008). Overall, there is scope to
further increase pasture use at farm level through im-
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proved grazing practices, such as early spring grazing,
which in turn would have the effect of increased pasture
quality and production for the remainder of the grazing
season (Holmes et al., 1992). There is a requirement
to refocus grassland management on increased pasture
use to increase profitability on farm (Creighton et al.,
2011), with the use of decision support tools having
the potential to enhance the decision-making processes
required at farm level to achieve greater pasture use
(Hanrahan et al., 2017). This is further emphasized
with Peyraud et al. (2004) reporting that without such
informed decision-making there may be a tendency to
grossly under-utilize pasture grown. Although region
and soil group had a significant effect on production
costs and profit, it has been proven that a high level of
profitability can be achieved on less favorable soil types
and climatic conditions, if a high level of pasture use
is being ascertained (Patton et al., 2012). Neverthe-
less, pasture growth and use are intrinsically linked.
Therefore, pasture use is heavily dependent on grazing
management, soil fertility status, grass cultivars used,
and reseeding programs implemented (Shalloo et al.,
2011). Sustainable and profitable pasture-based dairy
farming depends on maximizing the efficiencies with
which pasture is grown, used, and converted into milk
by grazing cows (Holmes, 2009).

Supplementary Feed

Our study has reported significant increases in the
costs of production and reduced profitability linked to
supplementary feed, creating a strong argument against
the excessive use of supplementary feed in grazing dairy
systems. However, the international literature suggests
that farm management capabilities have a greater influ-
ence on farm profitability than farm system or feeding
strategies implemented (Shadbolt, 2008). A separate
New Zealand study also concludes that New Zealand’s
competitive advantage still relies heavily on the use of
low cost grazed pasture, even in more intensive produc-
tion systems which use greater quantities of purchased
feed (Shadbolt, 2012). Recent research in the Irish
dairy industry has reported that increased supplemen-
tary feed had an associated increase in costs beyond
the directly related additional feed costs of 1.53: 1
(Ramsbottom et al., 2015), consistent with similar
research carried out in the United Kingdom (AHDB,
2012). While there may be a contrast in results between
pasture-based systems in the northern and the southern
hemisphere, a range of variables could influence these
outcomes, including milk quotas, the data source used,
a series of management factors, dairy cow genetics,
milk price to concentrate price ratios, and residual cost
effects associated with feeding concentrate. During the
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period of milk quota restrictions, in order for farmers
to maximize farm profit, they had to maximize profit
per unit of product, typically achieved by producing
milk in a least cost per unit of product format, gener-
ally from a predominantly pasture-based diet. In terms
of individual farm management, the response rates of
milk production to increased concentrate feeding and
other purchased feeds are greatly influenced by several
variables including pasture quality, pasture allowance,
stocking rate, and dairy cow genetics (Roche et al.,
2006; Ruelle et al., 2018). When pasture quality is poor
or limiting DMI of the cow (or both), the response to
concentrate will be increased in comparison to a cow
being fed greater quality or quantity (or both) of pas-
ture, thus affecting the levels of substitution (reduc-
tion in pasture intake when supplementary feeds are
consumed by the cow; Bargo et al., 2003), combined
with a maintenance requirement on a proportion of
the consumed energy (Roche et al., 2009). The levels
of substitution are linked to stocking rate because at
a higher stocking rate pasture allowances tend to be
lower, which increases the direct milk production re-
sponse to concentrate. The data sources used in this
study were from a representative sample of Irish dairy
farms, whereas in most other studies where this type
of analysis has been completed in the past, the data
sources were generally from farmers that volunteer
their data for benchmarking purposes and therefore
would be expected to be technically more proficient
(Shadbolt, 2012; Ramsbottom et al., 2015). Tt has
also been previously reported that increasing the feed
supply through feeding supplements can have several,
often conflicting effects. For example, it can increase
the fat and protein production per cow and per hectare,
but also decrease pasture use, increase substitution,
and ultimately increase costs per kilogram of fat and
protein, resulting in a reduction in the profit margin
per kilogram of fat and protein (Holmes, 2009). These
concerns were also previously highlighted by McCarthy
et al. (2007), who reported an associated reduction in
profitability when modeling the effect of increased con-
centrate supplementation. The dairy cow genetics are
also very important in this case because cows that rank
highly for milk production traits tend to have higher
milk production responses, albeit typically associated
with poorer survival trait performance (Holmes et al.,
2002; McCarthy et al., 2007). Collectively, these stud-
ies had similar results to the findings of our current
study, which involved the analysis of an 8-yr period
that included milk price extremes from just over €0.20
to almost €0.40 per liter. Although in a high milk price
year it could be assumed increased supplementary feed
usage would increase farm profitability, it has been re-
ported that the key determinant here is the difference
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between milk price and feed costs, and not the price of
milk or feed costs in a given year (Hansen et al., 2005).
In reality it can be more difficult to manage higher
input systems as there is a greater complexity of the
overall system through more decision rules required on
an ongoing basis, which requires higher levels of skill to
manage (Ruelle et al., 2018).

CONCLUSIONS

Using a relatively large data set, across an 8-yr period
(2008 to 2015), our analyses provide a strong argument
for the benefits of focusing on several key performance
metrics within pasture-based systems. Pasture use per
hectare has demonstrated to be a crucial measurement
of farm efficiency and a key performance indicator
for benchmarking and determining proficiency levels
within and across farms and across years. Other key
performance indicators associated with maximizing ef-
ficiency and profitability at farm level include stocking
rate, grazing season length, proportion of purchased
feed, milk fat and protein production, and milk constit-
uents. Efficient pasture-based milk production will be
achieved by appropriately setting farm stocking rates
to the pasture growing and use capabilities of the farm,
while maintaining high levels of pasture management
and stringent cost control. Excellent pasture manage-
ment will require informed data-based decision-making
through the use of pasture measurement and budgeting
tools. This will allow pasture supply to be efficiently
matched with livestock demand, thus achieving high
levels of pasture use and on-farm technical efficiencies.
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