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ABSTRACT

The unique rumen of dairy cows allows them to
digest fibrous forages and feedstuffs. Surprisingly, to
date few attempts have been made to develop national
methods to gain an understanding on the make-up of
a dairy cow’s diet, despite the importance of milk pro-
duction. Consumer interest is growing in purchasing
milk based on the composition of the cows’ diet and
the time they spend grazing. The goal of this research
was to develop such a methodology using the national
farm survey of Ireland as a data source. The analysis
was completed for a 3-yr period from 2013 to 2015 on
a nationally representative sample of 275 to 318 dairy
farms. Trained auditors carried out economic surveys
on farms 3 to 4 times per annum. The auditors collected
important additional information necessary to estimate
the diet of cows including the length of the grazing
season, monthly concentrate feeding, type of forage(s)
conserved, and milk production. Annual cow intakes
were calculated to meet net energy requirements for
production, maintenance, activity, pregnancy, growth,
and live weight change using survey data and published
literature. Our analysis showed that the average an-
nual cow feed intake on a fresh matter basis ranged
from 22.7 t in 2013 to 24.8 t in 2015 and from 4.8 to
5 t on a dry matter basis for the same period. Forage,
particularly pasture, was the largest component of the
Trish cow diet, typically accounting for 96% of the diet
on a fresh matter basis and 82% of dry matter intake
over the 3 yr. Within the cows’ forage diet, grazed
pasture was the dominant component and on average
contributed 74 to 77% to the average annual cow fresh
matter diet over the period. The proportion of pasture
in the annual cow diet as fed was also identified as a
good indicator of the time cows spend grazing (e.g.,
coefficient of determination = 0.85). Monthly, forage
was typically the main component of the cow diet, but
the average contribution of concentrate was substantial
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for the early spring months of January and February
(30 to 35% of dry matter intake). Grazed pasture was
the dominant source of forage from March to October
and usually contributed 95 to 97% of the diet as fed in
the summer period. Overall, the national farm survey
from 2013 to 2015 shows that Irish dairy farms are
very reliant on forage, particularly pasture, regardless
of whether it is reported on a dry matter basis or as fed.
There is potential to replicate this methodology in any
regions or nations where representative farm surveys
are conducted.
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INTRODUCTION

Grass from grazing land (pasture) is an important
source of feed for dairy cows in many parts of the
world. When managed correctly, pasture is a very nu-
tritious feed, which allows dairy cows to produce milk
rich in protein, n-3, vitamins, and minerals. Consumers
usually consider pastoral farming as healthy, animal
friendly, and an environmentally sustainable method
of milk production (Heerwagen et al., 2013; Elgersma,
2015). The rising consumer interest in how foods such
as milk are produced has led to the development of milk
brands that only allow farmers feed their cows grass
[e.g., Organic Valley’s Grassmilk (Wall Street Journal,
2014)]. These dairy products are in high demand in
some nations and are sold at a market premium price
in several supermarkets and convenience stores (Wall
Street Journal, 2014; Organic Milk Suppliers Coopera-
tive, 2015).

Consumers’ intuition regarding pasture-based farm-
ing is not necessarily based on scientific research, but
several research studies support their opinion. For
instance, regarding animal welfare, research by Olmos
et al. (2009), comparing cubicle-housed and pasture-
based dairy cows over a full production cycle, showed
that a pasture system improved cow welfare in terms
of lameness. With regard to human health, a review of
research studies by Elgersma (2015) highlighted that
milk produced from grazing cows has a higher levels of
desirable or healthy PUFA (e.g., a-linolenic acid) than
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milk from housed cows fed TMR diets. Research studies
by Rotz et al. (2009) and O’Brien et al. (2012) have
highlighted how pasture can improve the environmental
performance of primary dairy production by reducing
greenhouse gas and ammonia emissions. However,
some studies suggest grazing pasture has undesirable
effects too. For instance, Mu et al. (2016) reported that
pasture-based dairy farms had substantially greater
nitrogen loss than dairy systems more reliant on grain
or concentrate, which may have implications for water
quality.

In recent decades, growth in dairy consumption
has typically led to farms in most developed nations
becoming larger and more intensive (Alvarez and del
Corral, 2010; Winsten et al., 2010). Normally, as farms
intensify, cows have less or no access to pasture and are
instead housed, where they are typically fed ensiled for-
ages and grains. Under these conditions, dairy farmers
can carefully control the animal diet to produce more
milk per cow than is possible by simply feeding pasture.
This allows producers to generate more milk revenue
and is often the main reason to move away from pas-
toral farming. However, this conflicts in some markets
with consumer requirements for pasture feeding of
cows. As a result, in certain nations, such as the Neth-
erlands, some processors offer greater payments to milk
suppliers when cows get access to grass for a minimum
period (Elgersma, 2015). This satisfies current market
requirements, but provides very little quantitative in-
formation on the amount of a cow’s diet that comes
from pasture and may not actually be advantageous
from an environmental or animal welfare perspective.

The sustained market interest in grass-based dairy
products is leading to greater consumer requests on the
typical quantities of grazed pasture and forage (i.e.,
grazed pasture and conserved forages) in a dairy cow’s
diet. The primary goal of our study was to develop a
methodology that can address this question by quanti-
fying regularly the annual and monthly amounts of pas-
ture and forage in the diet of dairy cows at a regional or
national level. The quantification method was applied
in a nation (Ireland) where farmers allow dairy cows to
graze grass for most of the year (i.e., 8 to 10 mo). The
method was operated using the country’s representa-
tive farm survey, because this source facilitates regular
national estimates of the typical amount of grazed
pasture in a dairy cow’s diet. Cow forage and pasture
intakes were estimated as fed [fresh matter (FM)] and
in terms of DM primarily to assess the suitability of
the fraction of grazed pasture in the cows’ fresh or dry
diet as an indicator of grazing season length. Another
reason for estimating the dairy cow diet as fed was to
highlight to consumers the typical fresh quantities of
pasture consumed by grazing cows. The development
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of this pasture quantification methodology is expected
to provide consumers with better information on the
contribution of pasture to a cow’s diet relative to the
current market approach of communicating the mini-
mum period cows have access to pasture.

MATERIALS AND METHODS
Irish National Farm Survey

To quantify pasture and forage consumed on com-
mercial dairy farms we used data collected as part of
the Irish national farm survey (NFS) from 2013 to
2015 (Hanrahan et al., 2014; Hennessy and Moran,
2015, 2016). The survey primarily collects economic
information on costs and revenue, but it does provide
additional technical information to estimate animal
diets. For instance, O’Brien et al. (2015) previously
used the NFS to quantify the carbon footprint of Irish
milk. The NFS was established in 1972 and is part of
the European Union’s Farm Accountancy Data Net-
work (FADN). The survey is carried out on a random
representative sample of between 900 to 1,200 farms,
depending on the total farm population of a given year.
The national farm population is recorded annually by
the Central Statistics Office (CSO). For ease of opera-
tion, several farmers stay in the NFS for many years,
but after a certain period, farms exit and new farms are
introduced to keep the sample representative. All farms
in the NFS are weighted according to their area using
annual aggregation factors from the national census so
that the survey is representative of the national popula-
tion.

The NFS categorizes farms into 6 different farming
systems, namely dairy, tillage, sheep, cattle rearing,
cattle other, and mixed livestock. Farms are classified as
dairy producers when at least 66% of the standardized
gross output of the farm comes from dairy production.
For the 3 yr analyzed, 275 to 318 dairy farms were sur-
veyed. This sample size was equivalent to about 2% of
the total population of specialist Irish dairy producers.
For the period, the national population was typically
16,000 farms. Trained auditors surveyed all farms 3 to
4 times per year. The auditors collected farm financial
information, infrastructure data, and farm production
information and data on the demographic profile of the
farm households. The survey was also expanded to col-
lect technical data on the length of the grazing season,
monthly concentrate feeding, type of forage(s) con-
served, milk production, and milk composition (Table
1). A half-day training course was provided to auditors
on collecting this technical data.

Generally, farmers that participated in the NFS had
detailed farm accounts and diaries. Thus, the additional
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Table 1. Number and mean characteristics of specialized Irish dairy farms weighted to represent national

population

Ttem 2013 2014 2015
No. of farms 275 318 314
Dairy farm area, ha 34.1 34.0 35.3

No. of cows 68 68 70

Cows culled, % 17 18 14
Stocking rate, cows/ha 1.98 1.99 1.97
Milk solids yield,' kg/cow 403 405 436

Fat, % 3.95 3.98 4.02
Protein, % 3.38 3.42 3.48
Concentrate as fed, kg/cow 1,172 947 934
Turnout date to pasture Mar. 7, 2013 Mar. 4, 2014 Mar. 3, 2015
Full-time housing date Nov. 18, 2013 Nov. 17, 2014 Nov. 13, 2015
Access to pasture, d 256 258 255

"Milk solids yield = annual yield of milk fat and protein.

NF'S data requested was normally readily available and
collected in 2 to 3 h. Farms were excluded from the
survey if the data provided was inadequate or unreli-
able. Farms were also omitted from the evaluation if
they had or began to cease supplying milk during the
period of the study. Information necessary to compute
the diet of animals (e.g., BW change) that could not
be collected from surveys (Table 2) was obtained from
national publications (O’Mara, 2006; Archbold et al.,
2012).

Computing the Dairy Cow Diet

Over 95% of dairy farms included in the NFS op-
erated spring-calving grazing systems. The remaining
dairy farms included in the NFS also supplied milk

throughout the winter to satisfy the fresh milk market,
which represents less than 10% of the nation’s milk pool
(CSO, 2017). Generally, farmers aimed to maximize
profitability by optimizing milk output from grazed
pasture (Kennedy et al., 2005). Calving was usually
synchronized with the onset of grass growth in early or
mid-spring. Generally, calved cows remained on pasture
until late autumn or early winter. Pasture was usually
offered to cows through a rotational grazing system,
where cows were offered sections or paddocks of pas-
ture for 1 to 2 d or until a specific grazing height was
reached (e.g., 4 to 5 cm) and then moved to a new
paddock. In late spring or summer, when grass growth
exceeded feed demand, surplus grass was harvested
as grass silage, hay, or both and fed to cows indoors
from early winter to early spring. Cows were offered

Table 2. Feedstuffs DM and energy values, and cow average BW and energy requirement for annual body weight change (BWC) estimated in

the present study

g of UFL'/kg BW or BWC, BWC,
Ttem DM/kg of DM kg/cow UFL/cow Reference
Grass (Feb—Apr) 167 1.00 O’Neill et al. (2013)
Grass (May—Jul) 169 0.98
Grass (Aug—Oct) 149 0.95
Compound concentrate,” 16% CP 870 1.08 O’Mara (1996)
Barley 870 1.16 O’Mara (1996)
Beet pulp 880 1.14
Maize 860 1.22
Maize gluten 865 1.04
Soybean meal 862 1.16
Grass silage 62 DMD? 195 0.68 O’Mara (1996)
Grass silage 68 DMD 199 0.76
Grass silage 72 DMD 210 0.81
Grass silage 76 DMD 219 0.86
Growth 35 157.5 Archbold et al. (2012)
Mature cow BW 530 Archbold et al. (2012)
BW change 50 Shalloo et al. (2004)

'UFL (unité fourragere lait) = feed unit for lactation where 1 UFL equals 7.11 MJ of net energy.

*Concentrate ingredients as fed were beet pulp (35%), maize gluten (26%), barley (25%), soybean meal (11%), and a mineral and vitamin mix

(3%).
SDMD = dry matter digestibility.
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purchased concentrate feeds when grass growth was
insufficient to meet herd feed requirements, and when
animal intake potential was insufficient to meet animal
requirements post calving.

Monthly forage intakes by cows were estimated by
first calculating the total net energy (NE) requirements
for milk production, maintenance, activity, growth,
pregnancy, and BW change (Jarrige, 1989; O’Mara,
1996). Subsequently, monthly data collected on concen-
trate feedstuffs were multiplied by typical concentrate
NE values from O’Mara (1996) to estimate NE pro-
vided by concentrate feeds. The NE from concentrate
was subtracted from the cows’ total NE requirement
to estimate the NE provided by forage per month.
Similar to Flysjo et al. (2011) the proportion of NE
that came from pasture was estimated by relating the
period cows spent outdoors to the NE provided by for-
age monthly. Net energy provided by conserved forage
was estimated monthly as the difference between NE
provided from forage and grazed pasture, because most
farms surveyed did not regularly record the quantity of
conserved forage fed to cows.

A series of livestock NE requirement equations from
O’Mara (1996) were used to estimate the NE require-
ments of cows. The feed unit for lactation (unité
fourragere lait, UFL) is the basic unit for these NE
requirement equations, where 1 UFL equals 7.11 MJ
of NE (Jarrige, 1989). The calculations included a NE
allowance for BW change and typical growth between
lactations for all cows in the herd. The equations used
to calculate a cow’s NE requirements for maintenance
and activity, milk production, pregnancy, BW change,
and growth were as follows:

Maintenance and activity =

1.4+0.6x[@] X[GSL]X(l—i-AAG)
100 )| { 365 A
+[1.440.6 @} x||1— @} x(1+AAH)

100 365

x 365 xno. of cows,

where BW represents the cow BW, GSL represents
grazing season length, AAG represents a 20% activ-
ity increase for grazing activity, and AAH represents a
10% increase for indoor cow activity.

Milk production =

(0.054 x Fat %)+ (0.031 x Prot %)
x(total milk produced),
+(0.028 x Lact %) —0.015

2]
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Pregnancy (cows) = 153 UFL x no. of cows x 0.85, [3]

where Prot is protein, Lact is lactose, and 0.85 is the
assumed proportion of cows pregnant (Buckley et al.,
2007).

Pregnancy (heifers) =153 UFL x no. of heifers x 0.95,
[4]

where 0.95 is the assumed proportion of heifers preg-
nant (Archbold et al., 2012).

Body weight change = no. of cows x50 UFL / cow, [5]

Growth = no. of cows x 35 kg of LWG 0
x 4.5 UFL / kg of LWG,

where LWG is annual live weight gain that was as-
sumed to occur for all cows.

For the analysis, forage, and feedstuff UFL values,
cow BW and NE required for cow BW changes were
estimated based on previous research and industry con-
sultation as outlined in Table 2. These estimates were
taken as averages across all farms and years.

Scenarios Investigated

Dry Maitter. Dry matter intakes of pasture and
conserved forage were computed by dividing the NE
provided by a forage by its NE value per kilogram of
DM. O’Mara (1996) provided the DM contents of for-
ages and concentrate, and was used to estimate the NE
values of forages per kilogram of DM (Table 2).

Fresh Matter—As Fed. Fresh matter intakes of
pasture and conserved forage were computed by divid-
ing the NE provided by a forage by its NE value per
kilogram of FM. The NE values of forages on a DM
basis were converted to NE values per kilogram of FM
using forage DM contents reported by O’Mara (1996).

Correlation and Regression Analyses

The length of the grazing season and the proportion
of pasture in a dairy cow’s annual as-fed or DM diet
were related using the correlation and regression analy-
ses procedures of the SAS software package (version
9.1.3, SAS Institute Inc., Cary, NC). The strength of
relationships between these measures was compared for
the different approaches used to estimate cow pasture
intake. The analyses were carried out for all years.
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Sensitivity Analysis

The sensitivity of dairy cow’s pasture and total
feed intake to key factors obtained from reports and
industry was evaluated by increasing or decreasing an
assumed factor by 3 to 5% compared with the original
estimate. The effect of altering a multitude of these
factors simultaneously was not assessed. The analysis
was carried out for all specialist dairy farms part of
the NFS in 2015. The cow factors analyzed were aver-
age BW and growth (average annual live weight gain).
The forage factors examined were pasture DM content,
pasture NE value, and conserved forages NE values.
Conserved forages included grass silage and alternative
forages. The latter mainly consisted of maize silage,
whole crop cereal silage, and fodder beet. This group of
forages and grass silage was treated as a single factor
(conserved forage) for this analysis.

RESULTS
Annual Irish Cow Diet

Annual total intake as fed per dairy cow averaged
22.7 t in 2013, 23.7 t in 2014, and 24.8 t in 2015 (Table
3). Forage accounted for the majority of Irish cows’
annual diet for all years averaging 94.8 to 96.2% of the
diet on a FM basis. Pasture was the largest individual
component of dairy cow diets and on average contrib-
uted 74 to 77% of the average annual cow FM diet
over the period. The high contribution of pasture to the
annual cow diet was primarily explained by the long
grazing season, which averaged 255 to 258 d over the
3-yr period. Grass silage was the second largest fresh
component of the annual diet (18 to 19.2%) followed by
concentrate feed (3.8 to 5.2%) for the period.

In terms of DM, cows’ annual total intake was lower
than on a FM basis averaging 4.8 to 5.0 t over the 3
yr (Table 3). Again, forage was the largest feed source

representing 78.9 to 83.7% of the average cow annual
DM diet. Similar to estimating the annual cow diet on
a FM basis, grazed pasture was the main component of
the diet on a DM basis, accounting for 56.8 to 62.2% of
the average cow diet. Concentrate was the second larg-
est individual feed component of the annual cow diet on
a DM basis in 2013, but for 2014 and 2015, grass silage
represented a greater share of the annual diet (Table 4).

Monthly Irish Cow Diet

Averaged over the 3 yr, cow total monthly FM intake
usually increased with milk yield (Figure 1). Monthly
cow milk yield normally increased from 3.9 L/per cow
per day in January to peak at 23.0 L/per cow per day
in June. Over this period, monthly total FM intake
typically increased from 33.7 kg in January to 84.3 kg
of FM/cow per day in June. From June onward, cow
monthly milk yield declined, but monthly cow total FM
intake increased in September after declining in July
and August due to an estimated decrease in pasture
quality and NE per kilogram of DM, and an increase
in moisture content in autumn. Cow total FM intake
declined from September onward as milk yield fell. On
a DM basis, the trend in cow total intake, averaged
over the 3 yr, was similar to the FM analysis (Figure
2). Cow total DMI peaked in June at 15.9 kg of DM/
cow per day and declined to 13.8 kg of DM/cow per
day in August. A slight increase of 0.3 kg of DM /cow
per day in total DMI occurred in September, because
pasture quality and NE per kilogram of pasture DM
were estimated to decline. Cow total DMI decreased in
October and continued to decline to 10.2 kg of DM /cow
per day in January.

Forage was typically the main component of a cow’s
monthly FM diet (Figure 3). Grass silage was the domi-
nant contributor to a cow’s FM diet from December
until February (71 to 87%) and was the main FM diet

Table 3. Typical as-fed cow diets (mean + SD) of specialist dairy farms from the Irish national farm survey

Average
Item 2013 2014 2015 2013-2015
No. of farms 275 318 314 302 (907"
Total intake, t of fresh matter (FM)/cow 22.7+22 23.7+23 24.8 £25 23.7+24
Pasture, % of FM 74.2 £ 8.0 76.8 £ 6.9 76.9 £ 7.8 76.0 £+ 8.0
Grass silage, % of FM 19.2 £ 7.6 18.0 £ 6.0 184 £ 7.1 18.6 £ 7.3
Grass,” % of FM ‘ 93.4 + 3.6 94.9 + 34 95.3 + 3.0 94.5 + 3.3
Alternative forages,® % of FM 1.5 £22 1.1 £20 09+19 1.2+ 23
Forage,'l % of FM 94.8 £+ 2.3 96.0 £ 2.1 96.2 + 2.0 95.7 £ 2.2
Concentrate, % of FM 5.2 £ 2.3 4.0 £ 2.1 3.8 £ 20 4.3+ 22

"Total farm years.

Grass consisted of pasture and grass silage. Pasture is grass grazed by cows outdoors.

3Alternative forage mainly consisted of whole crop cereal silages, maize silage, and fodder beet.

Forage consisted of pasture, grass silage, and any alternative forages.
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Table 4. Typical DM cow diets (mean 4 SD) of specialist dairy farms from the Irish national farm survey

Average
Ttem 2013 2014 2015 2013-2015
No. of farms 275 318 314 302 (907"
Total intake, t of DM/cow 4.8 £ 0.5 4.8 £04 5.0+ 04 4.8 £ 0.5
Pasture, % of DM 56.8 £ 10.4 61.6 + 9.4 62.2 +£ 9.9 60.2 + 10.1
Grass silage, % of DM 19.8 + 7.2 19.5 + 6.0 20.1 + 6.8 19.8 £ 7.0
Grass,” % of DM 76.6 + 8.3 81.0 + 8.2 82.3 + 7.6 80.0 + 8.3
Alternative forages,3 % of DM 2.3 £3.5 1.8 + 3.0 14+25 1.8 + 3.0
Forage,' % of DM 789+ 7.1 82.8 £ 7.2 83.7+ 6.9 81.8 £ 7.3
Concentrate, % of DM 211+ 7.1 172 £ 7.2 16.3 + 6.9 182 +£ 7.3

Total farm years.

*Grass consisted of pasture and grass silage. Pasture is grass grazed by cows outdoors.

% Alternative forage mainly consisted of whole crop cereal silages, maize silage, and fodder beet.

Forage consisted of pasture, grass silage, and any alternative forages.

component in November (54%). This corresponds to
the winter period when little milk is produced on Irish
farms (8.6%, CSO, 2017). From March onward, grazed
pasture was the largest component of the diet as fed,
accounting for 97% of a cows feed from May to August.
Concentrate accounted for 8 to 12% of a cow’s FM diet
from January to March, but contributed less than 5%
for the remaining months.

On a DM basis, forage was the main feed cows con-
sumed monthly, but the contribution was lower than on
a FM basis (Figure 4). The contribution of concentrate
to the cow DM diet was substantial from January to
April (21 to 35%) and over 10% of the diet for the
remaining months. Grass silage was the largest compo-
nent of a cow’s DM diet from November to February (53
to 75%). From May to October, cows largely consumed
grazed pasture. Typically, grazed pasture accounted for
76 to 87% of the cows’ DM diet during this period.
Pasture was also the main component of the diet in mid
to late spring, accounting for 41 to 71% of the cow diet
in March and April.

Total intake =se=Milk supply
90 25

80
70 =
60
50
40

30

FM, kg/cow per day

20

Milk supply, L/cow per day

W

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure 1. Mean monthly fresh matter (FM) intakes and milk sup-
ply of an average Irish dairy cow estimated from the national farm
survey from 2013 to 2015. Color version available online.

Journal of Dairy Science Vol. 101 No. 9, 2018

Grazing Season and Pasture Diet

The positive correlation between the length of the
grazing season and the proportion of pasture in a typi-
cal cow’s as-fed annual diet ranged from r = 0.86 in
2014 to r = 0.92 in 2013 (P < 0.001). On a DM basis,
the strength of the correlation between these measures
was lower than the as fed. The DM associations ranged
from r = 0.79 in 2014 to r = 0.84 in 2013 (P < 0.001).
For each year assessed, there was a linear relation-
ship between the length of the grazing season and the
proportion of pasture in the cow diet. Furthermore,
estimating cow intake as fed instead of on a DM basis
improved the goodness of fit (R?) across years (e.g., the
2013 as fed R? was 0.85 compared with an R* of 0.71
for the DM approach).

Cow Diets and Assumed Factors

As fed and on a DM basis, dairy cows’ average an-
nual pasture and total intakes in 2015 were generally
robust to changes in key assumed factors (Table 5).

Total intake —=se=Milk supply
18 25
16
)
S | 2
o} 3
a, 15 3
10 S
Z =
ERN 10 &
s 6 z
a 4 =
B 5
2
0 0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure 2. Mean monthly DMI and milk supply of an average Irish
dairy cow estimated from the national farm survey from 2013 to 2015.
Color version available online.
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% Pasture & Concentrate

% Grass silage

B Alternative forages
100

Fresh matter, %
W
S}
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Figure 3. Typical monthly as-fed feed budget of an average Irish
dairy cow estimated from the national farm survey from 2013 to 2015.
Pasture is grass grazed by cows outdoors. Alternative forage mainly
consisted of whole crop cereal silages, maize silage, and fodder beet.
Color version available online.

Varying the DM content of pasture by 5% brought
about the largest reduction (—5%) and increase (+6%)
in an average cow’s annual total intake as fed. As ex-
pected, this factor had a greater influence on the pas-
ture component of the fresh diet. Pasture quality and
cow BW were the only other assumed factors that had
an influence on the average Irish cow’s as-fed diet (£2
to 3%). For the average cow, annual pasture and total
DMI pasture quality had the greatest effect (£2 to 3%).
Cow BW had a similar effect as pasture DM content
(£1 to 2%) on cows’ annual total DMI. The latter fac-
tor changed cows’ annual DMI, because pasture DM
content indirectly influenced the NE value of pasture.

% Pasture = Grass silage M Alternative forages % Concentrate

100
90
80

70
60 =T
50
40
30
20
10 ==
0

Dry matter, %

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure 4. Typical monthly DM feed budget of an average Irish
dairy cow estimated from the national farm survey from 2013 to 2015.
Pasture is grass grazed by cows outdoors. Alternative forage mainly
consisted of whole crop cereal silages, maize silage, and fodder beet.
Color version available online.

The remaining assumed factors only had negligible ef-
fects on cow diets (<+1%).

DISCUSSION

To our knowledge, this research is one of the first
studies to estimate the total diet of grazing dairy cows
on a countrywide scale. It builds on previous research
by Léapple et al. (2012) examining the different factors
that influence the length of the grazing season on Irish
dairy farms. However, comparing our estimates of the
quantity or proportion of pasture in the diet of dairy
cows to previous work is difficult given that most pub-
lished estimates are from research farms. Typically, re-
search dairy farms are not operating under commercial
conditions and are usually testing the effect different
treatments have on animal health or performance vari-
ables under controlled experimental conditions. There-
fore, comparisons between research and commercial
farms are likely to be biased. Nevertheless, despite this
shortcoming, comparing our results with similar farms,
even noncommercial farms, does show whether they lay
within the previous range of estimates. This approach
gives an indication of the validity of cow feed intake
estimates and the usefulness of the method developed
to assess the diet of grazing dairy cows.

We compared our results to the studies of Macdonald
et al. (2001), Vance et al. (2012), and Patton et al.
(2016), where cows normally had access to pasture for
the late spring, summer, and autumn months, and were
largely fed grass silage over the winter period. Vance
et al. (2012) evaluated UK grazing systems where 750
kg of concentrate DM was offered per cow per year. In
addition, the study compared this type of system to a
total confinement system where 2.9 t of concentrate
DM was offered per cow per annum. As anticipated, the
results showed the average milk yield/lactation of the
confinement system was (35%) higher than the graz-
ing system. Similarly, the annual cow DMI was greater
for the confinement system (5.8 t per cow) than the
grazing system (4.7 t per cow). However, as fed, aver-
age annual cow intake was 23 t for the grazing system
and 16 t for the confinement system. The lower annual
cow FM intake in the confinement system was due to
the high usage of concentrate feed (3.3 t of FM/cow)
that had a very low moisture content (120 to 130 g/kg)
compared with forage (780 to 850 g/kg).

Patton et al. (2016) compared milk production per
cow and per hectare, and the amount of concentrate
required for 2 Irish pasture-based systems differing in
stocking rate on the grazing platform (3.1 and 4.5 cows/
ha). Cows within this study typically grazed pasture for
275 d per annum and were fed 551 kg of concentrate
DM/cow per year when stocked at 3.1 cows/ha on the
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Table 5. Effect of allowing key assumed factors used in estimating the annual diet of dairy cows in 2015 vary above and below their assumed value
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1 . . . . . . 5 . .
Teagasc national farm survey average estimate of an Irish dairy cow’s annual diet in 2015.

Live weight gain.

SUFL = unité fourragere lait, feed unit for lactation. This is the basic unit for net energy requirements, which were calculated according to the French system adapted for Ireland

(Jarrige, 1989; O’Mara, 1996).
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grazing platform. The estimated annual quantity of for-
age DM consumed at this stocking rate was 3.9 t per
cow or 21.8 t in terms of FM. Forage intake primarily
consisted of pasture, which accounted for 61% of the
total DM diet or 71% on a fresh basis. Increasing the
stocking rate to 4.5 cows/ha on the grazing platform in
the study of Patton et al. (2016) increased the require-
ment for concentrate DM to 872 kg per cow per year.
This reduced the requirement for forage to 3.4 t of DM
per cow (19.1 t of FM) and the proportion of pasture
in a cow’s total diet on a DM basis to 47 or 60% on a
fresh basis.

The study of Macdonald et al. (2001) was carried out
in New Zealand and examined the effect of 5 different
stocking rates over 2 lactations on several dairy farm
performance variables, farm profitability, and pasture
production. The goal of Macdonald et al. (2001) was
to quantify the change in efficiency of feed utilization
and milk production when annual DMI per cow was
altered through stocking rate. To simplify the compari-
son of results, we averaged annual cow DMI across the
5 herds over the 2 yr, similar to Beukes et al. (2008).
This resulted in average annual DMI of 5.1 t per cow
with pasture accounting for approximately 4.8 t of DM
per cow.

Comparing our estimates of annual cow DMI to these
studies shows that our forage intakes were within the
range of previous estimates for pasture-based systems.
Our estimates for total forage intake for grazing systems
were very similar to Macdonald et al. (2001) and Vance
et al. (2012), but greater than Patton et al. (2016).
However, the milk solids yield per cow of the farm sys-
tem evaluated by Patton et al. (2016) was lower than
our average and that of Macdonald et al. (2001). Milk
solids yield is an important factor in driving cow intake
and partly explained the different forage estimates.
Further variables that also potentially explained the
difference between our estimates and those of Patton
et al. (2016) include differences in BW, concentrate
supplementation, and chemical composition of forage.

The annual proportion of pasture in the diet of herds
investigated by Macdonald et al. (2001) was greater
than our study and that of Patton et al. (2016). This
was mainly due to the longer grazing period (300 d or
more) and lower average level of concentrate supple-
mentation in the New Zealand study at that time. How-
ever, this study was carried out on a research farm from
1998 to 2000 and is unlikely to be representative of the
annual cow diet of the current New Zealand industry.
On a monthly basis, the proportion of pasture in the
total cow diet for the summer months was over 95%
on a DM basis for the systems considered by Patton et
al. (2016). This was also the case for 10% of the farms
assessed in the NFS. Therefore, for the key summer
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period, when most milk is produced from a seasonal
calving dairy farm, a large proportion of the diet origi-
nates from grazed pasture.

Overall, the comparison with previous research sys-
tems provides solid validation that Irish dairy farms are
highly reliant on grass, particularly pasture, for a large
proportion of their diet. There is potential to increase
further the proportion of pasture in the diet of Irish
dairy farms by reducing concentrate supplementation
and increasing grass growth and utilization evident on
the top 10% of farms from the NFS (O’Brien et al.,
2015). Several studies have provided recommendations
on how this can be achieved at a farm level (e.g., Sayers
and Mayne, 2001; O’Donnell et al., 2008; O’Donovan
et al., 2011; Hanrahan et al., 2017). Examples include
increasing grassland reseeding rates, measuring pasture
covers, and setting targets for pre- and postgrazing
heights throughout the grazing season. The adoption of
such recommendations will deliver consumer demands
in terms of pasture fed cows and was reported by Dil-
lon et al. (2005) to improve the long-term viability of
pasture-based dairy farms.

The European Union FADN already evaluates dairy
farm viability and based on this work could be expand-
ed to estimate the typical annual diet of dairy cows
on a countrywide scale across Europe. Since 2012, the
Irish part of the FADN (the NFS) has adopted the ad-
ditional survey we created to estimate typical Irish cow
diets, annually or monthly. Additionally, the nation
has also recently integrated the survey into its dairy
quality assurance scheme that began operations in 2013
(Bord Bia, 2013). Based on our experience, it should be
possible to repeat our approach to estimating typical
cow diets for other European nations that are part of
the FADN. However, farm records required to estimate
forage intakes may be difficult to gather for some mem-
ber nations. Outside of Europe, this approach can be
applied where good quality farm information and local
research data are readily available. Research or indus-
try farm information (e.g., pasture NE value) should be
reviewed and updated regularly. Ideally, more informa-
tion should be collected from farms to reduce the error
associated with such assumptions. This may be possible
going forward for some of the key assumed factors we
highlighted using precision farming technologies [e.g.,
cow BW could be captured from imagery technology on
farms (Kuzuhara et al., 2015)].

The outputs from the methodology we have devel-
oped can inform interested consumers further on the
providence of the food they consume. This has become
an important question in several developed nations
and one which dairy processors and retailors wish to
provide reliable information to their customers. The
proportion of grass in the diet of dairy cows is becom-

ing of particular interest and is potentially seen as an
indicator of the period cows spend outdoors grazing.
The latter is already an important measure for specific
dairy products in some regions, which some consumers
are willing to pay a premium for. Further informa-
tion can be provided on grazing cow diets and grazing
season length as we have demonstrated. Our national
approach to estimating a cow’s diet has the potential to
be replicated for more countries around the world. This
would benefit the global consumer by allowing them to
make more informed decisions about the type of dairy
products they wish to purchase in the future. Over the
long term, it may also increase the overall value of dairy
products for milk suppliers and processors.

CONCLUSIONS

This study expanded a nationally representative sur-
vey to quantify the average intake of pasture by Irish
dairy cows on a monthly and annual basis. Our results
demonstrated that forage, particularly grazed pasture,
was the largest component of an Irish cow’s diet and
typically accounted for over 95% of a cow’s annual diet
as fed over the 3 yr evaluated. Grazed pasture was the
main source of forage and represented 76% of an Irish
cow’s annual FM diet over the period. From March to
October, pasture was the dominant source of forage
and normally contributed over 95% of a cow’s FM diet
in the summer period (May to July). The approach
we developed to estimate the grazing cow diet of dairy
farms can be applied in other regions or nations where
similar farm surveys are routinely carried out, such as
the European Union FADN (European Commission,
2013). This would provide European Union and non-
FEuropean Union consumers interested in the origin of
their food with an estimate of the typical amount of
pasture used in the production of a region’s or coun-
try’s dairy product(s).
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