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A B S T R A C T

Volatility of markets and climate are driving exporting dairy industries to increase milk production from pasture.
However, some regions are not able to grow due to economic, social and environmental constraints. The ob-
jective of this study was to analyse at the farm system level the opportunities and challenges for the growth of
pasture-based dairy production in Uruguay. A national database of 256 dairy farms was used to compare four
groups of Uruguayan farms selected according to the total milk production growth rate from 2013 to 2017. Their
productivity (milk production per hectare) and profit was compared by fitting mixed models. Complementarily,
the International Farm Comparison Network database was used to compare biophysical and economic indicators
of typical farm systems of Argentina, Australia, Ireland, Holland, New Zealand, United States and Uruguay from
2013 to 2017. The growing groups of farms (medium and high growth;> 5% per year) showed more pro-
ductivity due to their higher stocking rate and achieved a higher margin over feed cost and a lower feeding cost
per L of milk than the shrinking groups (medium and high decrease;< 0% per year). The growing systems
showed a higher consumption per hectare of home-grown forage (pasture and conserved forage) and supple-
ments. Margin over feed cost decreased alongside milk price over the time frame analysed, with no significant
interaction between group and year. Productivity in New Zealand, Australia, United States and Holland was
above 10,000 L/ha whereas in Ireland, Argentina and Uruguay it was below 7000 L/ha. Consumption of home-
grown forage per hectare in the former countries more than doubled the latter, which consumed approximately
half the potential forage production locally reported. Home-grown forage consumption per hectare was a more
likely driver of productivity than bought-in feed or feed conversion efficiency. Uruguay achieved the lowest cost
of production however current low stocking rates (0.7 cows/ha for the typical farm system) limit home-grown
forage consumption and productivity growth. Inter-annual variation in economic performance was larger than
the variation in biophysical performance for all countries. This study showed that pasture-based farming systems
in Uruguay could make a leap in milk production without losing competitiveness by doubling their home-grown
forage consumption through increased stocking rates. For such growth, some future challenges will remain
around managing P accumulation and runoff in intensifying farms as well as improving farm design and in-
frastructure to attract labour, improve its productivity and assure animal welfare.

1. Introduction

There has been an increased interest in milk production from pas-
ture over the past decade across many regions of the world. This was
associated with the increasing volatility of both milk and grain markets
and the dismantling of subsidy mechanisms in many dairy regions.
However, it is unclear which countries could attain a sustainable leap in
milk production from pasture-based systems in the future. The outlook
for typically pasture-based industries such as Australia and New
Zealand is uncertain. Over the last decade Australia has shown an

annual decline of 0.9% in national milk production in contrast with a
growth of 3% in New Zealand (Hemme, 2017). Nevertheless, the latter
is projecting marginal growth as herd expansion will be limited by
environmental regulations and land availability (ABARES, 2018;
McDowell et al., 2017; Shadbolt et al., 2017). In Europe, pasture-based
countries such as Ireland envisage a steady post-quota growth based on
herd expansion and low cost of production strategies (McDonald et al.,
2013). Other countries such as Holland will have limitations to herd
growth due to environmental regulations effects (Klootwijk et al.,
2016).
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Within South America, the dairy industries of Uruguay, Argentina
and Chile are predominantly pasture-based, with relatively low
stocking rates and intermediate levels of concentrates (Hemme, 2017).
The climatic and soil characteristics of these regions could allow a large
increase in forage production per hectare (Ojeda et al., 2018) to sustain
further increases in herd numbers and productivity (milk production
per hectare). However, it remains unclear if such a pathway for growth
would compromise their competitiveness, defined as the ability of a
business to provide products and services as or more effectively and
efficiently than the relevant competitors. Since 70% of the milk pro-
duced in Uruguay is exported, the future of the dairy industry relies on
its competitiveness. In this way, cost of production, profit and future
environmental and labour challenges appear as key aspects to examine
at the farm-gate level.

The objective of this study was to analyse at the farm system level
the opportunities and challenges for the growth of pasture-based dairy
production in Uruguay.

2. Materials and methods

The national agricultural database (DIEA, 2017) was utilized for the
analysis of the evolution of the country's total number of farms, hec-
tares for dairy production and head of dairy cattle from 1985 to 2016.

The database of a local cooperative program named “Programa de
Producción Competitiva de CONAPROLE” (PPC) was utilized to analyse
the effect of production growth in commercial farms on their pro-
ductivity and economic performance. The PPC started in 2010 with 55
farmers and by 2017 it comprised 691 farmers voluntarily engaged, 560
million L of milk, 86,000 milking cows and 78,000 ha. This database
covers a wide range of farming systems and has information to allow a
thorough description and analysis of their feeding strategies and evo-
lution over time. Farmers supply monthly reports with the number of
milking and dry cows, the amount and price of supplements offered, the
calvings (adult and primiparous cows), the area of the milking platform
and the effective grazing area (where pasture is actively growing). This
information is linked with information provided by PPC, such as the
amount and composition of milk from each individual farm and the
price paid per L of milk. The physical performance and margin over
feed cost were calculated based on these inputs. The latter was calcu-
lated as the gross milk revenue minus total feed costs (including pur-
chase feed, sowing and maintenance cost of home-grown forage and
feeding-out costs of all feeds). To analyse dairy business evolution the
database was segmented into four groups according to the mean milk
production (L/year) growth rate (GR) during the period 2013–2017 as
follows: high decrease (HD; −10 < GR≤ −5% per year), medium

decrease (MD; −5 < GR≤ 0% per year), medium growth (MG;
0 < GR≤ 5% per year) and high growth (HG; 5 < GR≤ 10% per
year). Annual GR was defined as the difference in total farm milk
production between two successive years over the production of the
first year, while GR is the mean value for the whole period. Only the
dairy farms that presented information for the five years (2013–2017;
n=256) were considered in the analysis. A mixed model using PROC
MIXED of SAS (Littell et al., 2006) was run with year as continuous
variable, GR group as categorical data and their interaction (to evaluate
slope heterogeneity). Farm was included in the model as random effect.
An autoregressive variance of order 1 was used as a covariance struc-
ture based on IAC criteria. For all purposes, means were declared dif-
ferent when Tukey test resulted in p < .05.

The International Farm Comparison Network (Hemme, 2017) da-
tabase of net exporting countries from 2013 to 2017 was utilized for the
international comparison of farm systems. Main exporting regions
within a country were selected where more than one region was re-
ported. The selected countries and corresponding regions were: Ar-
gentina (Sante Fe-Córdoba Region), Australia (Gippsland region),
United States (California region), Holland (national average), Ireland
(national average), New Zealand (Waikato region) and Uruguay (na-
tional average). For the economic comparison the following variables
were analysed: cost of production (cost of milk production only – in-
cluding all expenses originated by the production of milk including
labour, feed, all herd related expenses, all crop related expenses, en-
ergy, fuel, taxes and depreciation); return on investment (the revenue
from operating business -excluding changes in assets value- over the
total value of farm assets); operating profit margin (operating profit
over operating receipts – including milk plus coupled payments in
subsidized countries).

3. Results and discussion

3.1. Thirty-year evolution of dairy farm systems

Dairy production in Uruguay has grown from 597 to 2083 million L
from 1985 to 2016 (DIEA, 2017) with a linear mean growth rate of
3.2% per year. During the same period the area allocated to dairy
production has decreased from 1196 to 764 thousand ha (− 36%)
while the number of dairy farmers declined from 7102 to 3873 (−
45%). The increase in farm and herd size as well as the reduction in the
number of farmers seem to be a worldwide trend (Clark et al., 2007;
Klerkx and Nettle, 2013). The growth in milk production was supported
by a significant increment in productivity (3.5× baseline of 1985) due
to increases in both stocking rate (1.6×) and production per cow

Fig. 1. Annual increment over baseline (100=1985) in productivity (L/ha; e), production per cow (L/cow; —) and stocking rate (cows/ha; ….) in dairy farm
systems in Uruguay according to the national agriculture database (DIEA, 2017).
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(2.6×). In 2016 the annual production per adult cow (lactating and
non-lactating) was 4901 L while mean stocking rate was 0.8 adult
cows/ha. The relative changes observed in productivity, stocking rate
and milk production per cow are shown in Fig. 1. All the main com-
ponents of productivity have grown together: stocking rate, milk pro-
duction per cow (Fig. 1) and the ratio of milking/dry cows (not shown).

The continuous production growth of the dairy industry throughout
decades has been a subject of research in Uruguay and elsewhere (Clark
et al., 2007; Dillon et al., 2008). By keeping a low cost of production the
Uruguayan dairy industry has remained competitive during its pro-
duction growth over the last 30 years. However, the cost of production
of Uruguay production systems has increased in the last few years, al-
though still below its international competitors (Hemme, 2017). Such
increase introduced a sign of concern and highlights the need for the
analysis carried out in the following section.

3.2. Description of dairy farm systems in Uruguay

Based on the PPC database (from 2013 to 2017; n=256) calvings
occurred every month, although concentrated in autumn and winter
(65% from March to September). Mean productivity was 8831 ± 266 L
and 624 ± 15.2 kg of milk solids (MS; milk fat + milk crude protein)
per hectare of milking platform (total area of the farm potentially
grazable by the milking herd), with a stocking rate of 1.15 ± 0.03
milking cow per hectare. On an annual basis, the feeding of the dairy
herds comprised pasture grazed by the milking cows (3944 ± 358 kg
DM/ha), crops mechanically harvested and fed to the milking cows as
roughage (1367 ± 87.4 kg DM/ha) and concentrates (1831 ± 126 kg
DM/ha). It is noteworthy that over 75% of the diet was home-grown
forage and only 25% of dry matter intake (DMI) was bought-in feed.
Forage consumption per hectare is strongly associated with farm busi-
ness profit in both Europe (Hanrahan et al., 2018) and NZ (Clark et al.,
2007). Although Uruguayan dairy farm systems are pasture-based, all of
them make some use of bought-in supplements due to the typical sea-
sonality of pasture growth. The autumn and winter growth shortfalls
are also deepened by the high proportion of paddocks recently sown
due to the rotational sequence of annual grasses and perennial pastures
which usually last 3–4 years. The annual diet of the dairy cows aver-
aged 9.5 ± 0.6 kg DM/cow/day of pasture grazed directly plus
4.2 ± 0.64 and 3.1 ± 0.64 kg DM/cow/day of concentrate and
roughage offered as supplements, respectively. The concentrates used
for supplementation were a mix of grains and byproducts with a CP and
NDF concentration of 140 ± 3.11 and 329 ± 9.54 g/kg DM, respec-
tively. The roughage used as supplement was of lower quality:

95 ± 4.5 and 518 ± 13.0 g/kg DM for CP and NDF, respectively. The
concentrate was fed mainly inside the milking parlor (83–85% of the
dairies) while roughage was predominantly fed with feeders distributed
in the field (40–45%) and in lower proportion with concrete feed pads
(22–26%). Milk production efficiency in the milking platform was
1.22 L of milk/kg DM consumed and 86.7 kg MS/t of DM consumed
which are in line with values reported in the international literature but
below the potential of these systems (Baudracco et al., 2011; Chilibroste
and Battegazzore, 2014). The margin over feeding cost was
1496 ± 386.9 (max= 1927; min=1117) US$/cow/year and
1310 ± 338 (max=1669; min= 972) US$/ha/year. The inter-annual
changes in margin over feed cost were mainly due to changes in milk
price which averaged 0.35 ± 0.06 (max= 0.41; min= 0.29) US$/L of
milk. The mean feeding cost was 0.15 ± 0.01 US$/L of milk.

3.3. The impact of growth

The PPC database was segmented by farms'milk production growth
rate (GR) over 5 years (2013–2017) to analyse the relationship between
business performance and production growth. We hypothesize that the
growing farms could have added small positive differences which, in
turn, drove their higher growth. The segmentation yielded the fol-
lowing 4 groups: high decrease (HD, n=26, GR=−9.4 ± 4.98% per
year), medium decrease (MD, n=85, GR=−2.0 ± 1.30% per year),
medium growth (MG, n=95, GR=+2.3 ± 1.27) and high growth
(HG, n=50, GR=+7.2 ± 1.48% per year). Variables describing
productivity components, feeding components and margin over feed
cost and their evolution were analysed on a yearly basis. Mean values
for GR groups and main effects significance tested in the model are
reported in Table 1. The growing systems (MG and HG) exhibited
higher productivity than the shrinking ones (MD and HD) with pro-
ductivity being mainly based on higher stocking rate (Table 1). A sig-
nificant interaction between GR and year was found for stocking rate,
which increased in the growing systems and decreased in the shrinking
ones (Fig. 2). In line with this, the growing systems exhibited higher
pasture DMI than the shrinking ones (Table 1). A significant interaction
between GR and year was detected for pasture DMI with a slope along
years of +159a, +84a, −77b and -277c kg pasture DMI/ha/year for
HG, MG, MD and HD, respectively (p < .05). Growing dairy systems
based part of their growth on their higher pasture DMI per hectare,
which agrees with the higher stocking rate observed in these systems
(Baudracco et al., 2010; Custodio et al., 2018; Ortega et al., 2018). The
conserved forage DMI was in line with pasture DMI with a significant
interaction between GR and year yielding different slopes in time:

Table 1
Effect of growth rate group (GR), year (Y), and their interaction on production per cow, stocking rate, productivity, dry matter intake (DMI) of pasture, conserved
forage and concentrates, feed efficiency, milk price, feed cost and margin over feed cost.

Effects Growth rate group (GR) Significance

Variable Units HD MD MG HG SEM GR Y GR*Y

Production per cow (kg MS1/cow) 431 467 497 504 8.0 NS ** **
Stocking rate (cows/ha) 0.95c 1.15b 1.23a 1.23ab 0.04 ** NS ***
Productivity (kg MS/ha) 411c 539b 621a 6.27a 19.8 ** NS ***

Pasture DMI (kg/ha/year) 3264c 3757b 3967a 4916a 103.3 ** NS ***
Conserved forage DMI (kg/ha/year) 954c 1302b 1615a 1719a 84.7 ** NS ***
Concentrates DMI (kg/ha/year) 1311c 1870b 2064ab 2096a 101 ** NS ***
Feed efficiency (kg MS/t DMI) 73.7c 77.5b 79.5a 79.8a 0.69 ** *** NS

Milk Price (US$/L) 0.356 0.359 0.360 0.361 0.055 NS *** NS
Feeding cost (U$S/L) 0.148a 0.151a 0.144b 0.142b 0.0018 ** *** NS
Margin over feed cost2 (US$/ha/d) 2.89c 3.54b 4.14a 4.16a 0.069 ** *** ***

HD=high decrease; MD=medium decrease; MG=medium growth; HG=high growth; **=P < .05; ***= P < .01; NS= non-significant.
Different letters within main effects and the same row means P < .05.

1 Milk solids (fat + protein).
2 Margin over feed cost is calculated as gross milk revenue minus total feed costs.
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+119a, +94a, −1.9b and -85 kg of conserved forage DMI/ha/year for
HG, MG, MD y HD, respectively (p < .05). Hence it appears that the
strategy of the growing systems was based on the higher DMI of home-
grown forage (pasture and conserved forage) per hectare. Nevertheless,
the DMI of concentrates was also higher in the growing systems
(Table 1) possibly due to the higher exposure to seasonal variations in
pasture growth in the increased stocking rate systems. The feed effi-
ciency followed the same trend as productivity and was higher in HG
and MG than in MD and HD, suggesting that the efficacy of animal and
feeding management practices was not negatively affected by the in-
crease in stocking rate.

Milk price received by dairy farmers was not different between GR
groups and suffered a decline from 2013 to 2016 with a slight recovery
in 2017. The feeding cost per L of milk was lower for the growing
systems (Table 1). Margin over feed cost was higher in the growing
farm systems than in the shrinking ones (Table 1), which shows that
increasing productivity based on higher stocking rate and home-grown
forage DMI per hectare was an effective strategy to support the better
margin over feed cost of those farm systems (Baudracco et al., 2010;
Ramsbottom et al., 2015). The higher demand for feeds in the growing
farm systems was covered with a rather proportional increase on pas-
ture and conserved forage (home-grown) and concentrate (bought-in)
DMI per hectare, maintaining a lower feeding cost and a profitable
margin over feed cost, even in a scenario of low milk prices. Ongoing
research projects in Uruguay at farmlet level (Ortega et al., 2018) are
conclusive in terms of the positive impact of higher stocking rate on
biophysical and economic performance when milk production per cow
is kept above a desired level. The decline in margin over feed cost along
the years followed the same trends as milk price, without a significant
interaction between GR group and year.

3.4. International comparison

To assess the competitiveness of farm systems of Uruguay, average
physical and economic key performance indicators of farm systems
from 2013 to 2017 were obtained and compared to those of six selected
countries (Table 2). Farm systems in New Zealand, Australia, United
States and Holland showed an average productivity above 10,000 L of
energy corrected milk (ECM) per hectare whereas Ireland, Argentina
and Uruguay reached average values below 7000 L of ECM/ha. Whilst
in United States and Holland the high productivity levels were ex-
plained by a high production per cow (10,184 and 8797 kg ECM/cow/
year, respectively) and high stocking rates (5.7 and 1.8 cows/ha, re-
spectively), similar levels in New Zealand and Australia were explained
mainly by high stocking rates (2.8 and 1.7 cows/ha, respectively) but
intermediate production per cow (5244 and 6569 kg ECM/cow/year,

respectively). The lower productivity in Ireland, Argentina and Ur-
uguay was mainly explained by their low stocking rates, ranging from
0.7 to 1.2 cows/ha, rather than by per cow production, which was si-
milar to the Oceania countries.

Main differences among countries in terms of milk production per
hectare appear to be more likely explained by differences in the con-
sumption of home-grown forage than by the levels of bought-in feed or
by the efficiency to convert feed into milk. We refer to feed conversion
efficiency (FCE) as kg of ECM per kg DM of feed, according to the de-
finition of Beever and Doyle (2007). The three top countries in pro-
ductivity (United States, Holland and New Zealand) have a fivefold
higher productivity and only a 24% higher FCE than the remaining
countries, hence FCE could not have been the main driver of pro-
ductivity differences. Neither the use of bought-in feed appears to ex-
plain productivity differences since there was a wide range of con-
centrate use per cow within high productivity countries, going from
zero in New Zealand to 3.5 t in United States. On the other hand, the
average consumption of home-grown forage per hectare in these high
productivity countries more than doubled the countries with low pro-
ductivity, such as Ireland, Argentina and Uruguay, thus being a more
likely driver of productivity differences. In the latter regions, home-
grown forage yields could have been limited more by farm system de-
sign and management than by limitations related to climate or soil
conditions. In Argentina, recent long-term studies have shown that
there is potential to attain forage productions above 15 t DM/ha from
both dryland and irrigated pasture and crop sequences (Ojeda et al.,
2018). A similar situation can be expected for Ireland and Uruguay,
where national studies monitoring commercial dairy farms have shown
a pasture productivity twice the level of consumption. In Ireland a
national database based on visual estimates of commercial farms has
recorded annual average productions of 13 t DM/ha (Hanrahan et al.,
2017). In Uruguay, a satellite image monitoring system calibrated with
cuts has recently shown annual pasture productions between 12 and
15 t DM/ha (CONAPROLE, 2019) in line with the values reported by the
national system of pasture evaluation (INIA-INASE, 2018).

Some general trends in terms of labour productivity (kg ECM/h)
could be discussed minding the large differences amid countries in farm
system infrastructure, feeding system and labour type. Confined farm
systems in United States and Holland reach high labour productivity
levels (396 and 274 kg ECM/h, respectively) which appear similar to
those obtained on pasture-based systems in New Zealand and Australia
(334 and 282 kg ECM/h, respectively). The latter countries, in turn,
more than double the labour productivity of the remaining pasture-
based countries analysed in this study (Ireland, Uruguay and
Argentina). This contrast among pasture-based countries could be at-
tributed to undersized farm infrastructure, particularly milking parlor

Fig. 2. Annual variation in stocking rate (cows/ha)
from an initial baseline (100= 2013) for farm sys-
tems grouped according to their total farm milk
production in high growth (HG; ), medium
growth (MG; ▪▪▪) medium decrease (MD; —) or high
decrease (HD; ).
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and equipment which relates directly to milking duration (O'Brien
et al., 2012) and reduces labour productivity. A national survey con-
ducted in Uruguay by INALE (2014) showed that the first quintile of
dairy farms according to annual growth rate had the most undersized
infrastructure with a ratio of 29 cows per milking unit, more than
double the recommendation for pasture-based farming (Klindworth
et al., 2003). The infrastructure required by intensive and large pasture-
based dairy farms has received little attention in the past (Aguerre
et al., 2018; Clark et al., 2007). The lower wages paid to workers in
South American countries could be another contributor, since farmers
tend to compensate increases in herd size by employing more people,
typically short-term workers, and prolong the milking duration instead
of investing in the additional infrastructure required.

Key economic performance indicators were selected according to
their relevance in terms of cost competitiveness, the yield of invest-
ments and the business exposure to risk in a volatile environment
(Table 3). Farm systems in United States, Oceania and South American
countries attained a cost of production below 0.34 US$/ kg ECM, in
contrast with Ireland and Holland, reaching 0.45 and 0.54 US$/ kg
ECM, respectively. The main contrast in terms of cost structure in the
European countries was around a two-fold difference in the cost of
machinery and buildings (depreciation and maintenance) and labour
compared to the other countries analysed. The cost of machinery and
buildings was 0.14 US$/kg milk for Holland systems, 0.08 US$/kg milk
for Ireland systems and 0.03 US$/kg milk for the remaining countries
averaged. Labour costs averaged 0.11 US$/kg milk in Holand, 0.12 US
$/kg milk in Ireland and 0.06 US$/kg milk in the remaining countries
averaged. Uruguay reached the lowest average cost of production for
the analysed period, suggesting that farm systems of this country can be
at least as competitive as all other countries in producing a low cost
product for a volatile international market. The average return on in-
vestment for the analysed period was above 5% in most countries with
the exception of Holland and Ireland, reaching −0.3 and 0.07%, re-
spectively (Table 3). Since both the latter countries belong to the Eur-
opean Union, their farmers could be compensating the low returns with

the contribution of coupled or decoupled subsidies. Operating profit
margin is a relative measure of business resiliency or exposure to risk
(Shadbolt, 2012). Holland, Ireland and Argentina showed the lowest
averages for this variable, with values below 15%, although a large
interannual variation coefficient was present in all countries.

Interestingly, there was a considerably lower inter-annual variation
for the physical indicators (Table 2) than for the economic ones
(Table 3), with a coefficient of variation ranging from 0 to 24% and
from 0 to 1280%, respectively. Coefficient of variation of all physical
indicators was below 7%, with the exception of productivity in Ar-
gentina. Hence, this large inter-annual variation in profit found in all
countries should have been explained to a larger extent by changes in
terms of trade (prices of all inputs and all outputs) than by fluctuations
in production efficiency due to climate or management changes. Fariña
et al. (2013) also found that milk price variation had a larger impact
than forage yield variation on the operating profit of intensified dairy
farm systems in Australia. This is also in line with Shadbolt (2012) who
found that intensifying pasture-based farms tended to increase the
weight of price risk in relation to climate risk.

When increasing stocking rate leads to a higher consumption of
pasture per hectare an improvement in profitability can be achieved
(Baudracco et al., 2010). However, a recent modelling study in Ireland
has reported reductions in profit above 2.6 cows per hectare as the farm
was not capable of meeting the extra demand without purchasing ad-
ditional and more expensive feed (Ruelle et al., 2018) which could, in
turn, cause a decline in the level pasture harvested per hectare
(Ramsbottom et al., 2015). Baudracco et al. (2011) also found in Ar-
gentina that increasing stocking rate to 2.6 cows/ha did not affect milk
production per cow when supplement level per cow was maintained.
Interestingly, in both these studies in Ireland and Argentina (Baudracco
et al., 2011; Ruelle et al., 2018) the level of pasture production was 12 t
DM/ha/year, similar to the average recorded on a farmlet study in
Uruguay (Ortega et al., 2018). The current low stocking rates in Ur-
uguay (0.72 cows/ha for IFCN typical farm and 0,8 cows/ha for na-
tional data base (DIEA, 2017) mean that there is potential to double the

Table 2
Biophysical information of typical farm systems from United States, Holland, Ireland, New Zealand, Australia, Argentina and Uruguay: mean and s.d. from 2013 to
2017.
Source: IFCN Dairy Report 2017 (unpublished).

Variable Units United States Holland Ireland New Zealand Australia Argentina Uruguay

Average s.d. Average s.d. Average s.d. Average s.d. Average s.d. Average s.d. Average s.d.

Productivity (kg ECM/ha) 57,965.3 7553.7 15,618.8 1168.4 6638.2 259.5 14,609.3 1733.4 11,184.2 1433.3 4107.0 490.9 3971.8 253.6
Production per cow (kg ECM/cow/

year)
10,184.1 138.5 8796.8 316.0 5407.6 153.7 5243.5 265.8 6569.3 288.9 4951.4 199.8 5842.1 280.2

Sotcking rate (cows/ha) 5.69 0.68 1.79 0.09 1.24 0.08 2.79 0.29 1.72 0.22 0.77 0.03 0.69 0.01
Home grown forage (kg DM/ha/

year)
14,311.2 10,679.3 4276.6 10,886.2 10,138.0 5268.4 4230.1

Concentrate used (t DM/cow/
year)

3.53 0.48 1.74 0.21 0.83 0.09 0.0 0.0 1.67 0.24 2.07 0.2 1.5 0.07

Feed conversion
efficiency

(kg ECM/ kg
DM of feed)

1.34 0.01 1.33 0.02 1.06 0.04 1.08 0.19 1.04 0.12 0.87 0.12 1.04 0.03

Labour productivity (kg ECM/h) 395.5 2.8 274.2 11.2 109.1 14.3 333.7 15.0 282.4 28.0 96.2 1.6 98.0 3.5

Table 3
Economic information of typical farm systems from United States, Holland, Ireland, New Zealand, Australia, Argentina and Uruguay: mean and s.d. from 2013 to
2017.
Source: IFCN Dairy Report 2017.

Variable Units United States Holland Ireland New Zealand Australia Argentina Uruguay

Average s.d. Average s.d. Average s.d. Average s.d. Average s.d. Average s.d. Average s.d.

Cost of production (US$/100 kg ECM) 33.8 0.89 54.3 0.89 45.2 4.72 34.3 8.66 33.2 1.73 31.5 3.84 30.7 5.28
Return on investments (%) 6.95% 5.1% −0.30% 1.6% 0.07% 1.8% 5.07% 2.1% 6.99% 3.4% 6.86% 8.1% 6.54% 4.6%
Operating profit margin (%) 23.6% 29.4% −1.4% 19.1% 9.7% 7.7% 19.2% 9.9% 24.5% 13.3% 12.5% 23.3% 19.5% 13.6%
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current stocking rate and, in turn, productivity from pasture before
compromising profitability. An economic analysis of the research re-
ported by Ortega et al. (2018) has shown the potential impact of in-
creasing stocking rate at a national level (Pedemonte et al., un-
published). Under best management practices, rising stocking rate from
1.2 to 2.0 cows/ha increased productivity (76%) and net income
(187%) reducing risk exposure to the inter-annual variation of pre-
cipitation and price of milk and concentrates.

In a recent review focusing on the next 50 years Britt et al. (2018)
proposed that the greatest potential to increase milk production for
export will be in countries that “have sufficient arable land to produce
livestock feed, have farming areas that will be affected relatively less by
climate change, have populations that will not increase in size at the
rate of fastest-growing regions, and have dairy farming and processing
infrastructures that can increase in scale and adopt emerging technol-
ogies comfortably”. The dairy industry of Uruguay is probably well
positioned to meet all the aforementioned characteristics either now or
in the near future. Infrastructure in the primary sector is perhaps the
limiting factor for a rapid and sustainable leap in production (Aguerre
et al., 2018), particularly if this is aimed through an enlargement of the
national herd. In this way, the low level of debt in the typical farm
system of Uruguay may allow for future investments on additional in-
frastructure required if long-term loans are made available. The average
debt to asset ratio from 2013 to 2017 on IFCN typical farms has been
6% in Uruguay and 49% in the remaining countries excluding Argen-
tina (data not shown).

In the downside, the current lack of herd growth might be a factor
contributing to slow down the progress of Uruguay national milk pro-
duction in the near future. Herd growth has been close to zero in the
last decade (DIEA, 2017) due to a poor reproductive performance of
herds (Meikle et al., 2013; Pereira et al., 2017; Sotelo, 2017), high fe-
male calves mortality, averaging 18% (Schild, 2017), relatively high
cow culling and mortality rates (Pereira et al., 2017) and heifers calving
at 30months of age on average (Sotelo, 2017). A contributing factor to
the lack of growth could be the predominance of north American
Holstein genetics in the national herd (87%; INALE, 2014) which has
shown to achieve a poorer reproductive performance than other gen-
otypes in the local environment (Pereira et al., 2010).

3.5. Future challenges

Economic performance alone will not determine the sustainability
of Uruguay pasture-based dairy systems growth. Environmental and
social pressures both behind and beyond the farm-gate will also shape
the way farmers design and manage their production systems. Some
critical aspects are discussed in this section.

3.5.1. Environmental pressures
Diffuse pollution sources, such as greenhouse gas emissions or en-

ergy and water use, might remain a matter of national interest for
Uruguay since the industry will continue to focus on exports and seek
an international reputation for its natural products. Although emissions
may increase in association with the intensification process in Uruguay,
their amount per unit of product should decline alongside (Lizarralde
et al., 2014). Pasture-based intensification could have some advantages
over other intensification strategies in terms of diffuse pollution as
some authors have recently reported. In a modelling study in Holland
(Aguirre-Villegas et al., 2017) it was found that intensified systems that
include grazing for a large portion of the year have less greenhouse gas
emissions or net energy intensity than total confinement. The inclusion
of grazed pasture reduced emissions coming from machinery use and
the off-farm emissions originated from cropping to produce bought-in
feed. In Ireland O'Brien et al. (2015) found that increasing milk per
hectare by prolonging the grazing season reduced both the emissions
per kg of milk and increased farm profit. In contrast, achieving greater
milk per hectare through more concentrate feeding both increased off-

farm emissions and costs.
However, the risk of point source pollution, rather than diffuse

pollution, appears as a stronger challenge for the growing dairy farm
systems in Uruguay. The strong association between growth of pro-
duction at the farm level and nutrient surplus has been well reported in
Australia (Gourley et al., 2012; Smith et al., 2013), Holland (Nevens
et al., 2006) and Ireland (Treacy et al., 2008). However, the risk of
nutrient losses depends on each country's particular combination of
soil, climate, topography and farming system (McDowell et al., 2017).
In this way, nitrate leaching and effluents management tend to be the
main environmental concern for countries with high use of N fertilizer
and predominantly permeable soils (Di and Cameron, 2002; McDowell
et al., 2017) such as New Zealand and Ireland. In contrast, P accumu-
lation and runoff are the major concerns in Uruguay and Argentina
where there is a lower use of N per hectare and less permeable soils
(Andriulo et al., 1999; Durán and La Manna, 2009; Terra et al., 2006)
whereas in Australia both nutrients are of concern (Smith et al., 2013).

Water pollution associated to agricultural land use was found in the
streams of the Santa Lucia river (Arocena et al., 2018; Barreto et al.,
2017) which provides drinking water to two thirds of Uruguay's po-
pulation. Forty percent of the dairy farms in Uruguay are near the basin
of this river. Local studies have partially attributed the P enrichment
found in the water of the Santa Lucia basin to runoff from soil and
direct discharge of effluents from dairies (Barreto et al., 2017; Chalar
et al., 2013). There has been strong public scrutiny over the dairy
farming practices and a government program has been launched to
support best management practices and on-farm infrastructure for ef-
fluents management (MVOTMA, 2013).

The load of P in streams of Uruguay is well below the reference
values of Australia, New Zealand and the United States (Barreto et al.,
2017). This is in line with the lower stocking rates utilized in Uruguay
which imply a lower load of fertilisers and excreta per hectare. How-
ever, the challenge ahead for intensifying pasture-based systems ap-
pears to be how to efficiently distribute the excreted nutrients in time
and space to avoid “leaks” outside the farm and comply with regula-
tions (Klootwijk et al., 2016). The excreta deposited in a particular area
of the farm is highly correlated with the time spent there (White et al.,
2001). Therefore by managing spatial and time distribution of cows,
“hot spots” of nutrient surpluses could be avoided in areas where they
cannot be used by plants or collected for re-distribution (Gutiérrez
et al., 2009; White et al., 2001). Only between 15% and 30% of the total
excreta in Uruguayan pasture-based dairy systems is placed around the
dairy facilities (Gutiérrez et al., 2009) since the cows spend only a few
hours a day being milked or standing in the waiting yard. Managing
excreta in hybrid systems (grazing plus confinement), where cows
spend at least half the day in the confined areas, appears as an addi-
tional challenge for the farm intensification process (Custodio et al.,
2018; Gregorini et al., 2017).

Land uses that do not alter the land-cover type could mitigate or
offset the risk of biosphere integrity loss caused by the global ecosystem
degradation (Steffen et al., 2015). In this way, pasture-based milk
production, when is based on permanent or long-term pastures instead
of annual cropping, could be a contributor to reduce the loss of bio-
sphere integrity in regions where the original landscape was dominated
by pastures. In Uruguay, Arocena et al. (2018) reported the best water
quality when there was pasture cover in the watershed instead of crops.
A national regulation with a P-index approach (Sharpley et al., 2003) is
being applied to the main producing regions of Uruguay to keep erosion
below desired levels and to reduce the effect of P losses on water
quality. This regulation favors the presence of long-term pastures
(3–5 years) which contribute to reduce erosion and P losses within a
pasture/forage crop rotational sequence (McDowell et al., 2004).

3.5.2. Labour and lifestyle
The 30-year growth of milk production in Uruguay has involved a

process of concentration, leading to fewer and larger dairy farm
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systems. According to a national survey (INALE, 2014) farms with the
highest annual growth ended with the longest milking duration, which
is a known consequence of little investment in up-grades of dairy in-
frastructure (O'Brien et al., 2012). These larger-fast growing farms also
showed a higher proportion of employed labour than family labour
(INALE, 2014). There were also large generational differences in the
workplace since the average age of farm owners was 57 years old,
whereas the average age of employees was 37 years old (INALE, 2014).
Hence farmers and their employees belong to contrasting generations
according to social classifications commonly accepted (Loughlin and
Barling, 2001). The contrasting work values and priorities of these
generations could be a source of potential conflicts (Gardner and
Cennamo, 2008).

Future dairy farm systems should be able to attain a high level of
output or number of cows per labour unit in order to be sustainable
(Roche et al., 2017). Further adoption of time-saving technologies will
be required in conventional dairy farms in order to save both time and
effort during the milking routine and related tasks (Tarrant and
Armstrong, 2012) as well as being able to make dairy farming more
attractive to the technology prone new generations. The adoption of
automatic milking systems have shown to have a positive impact on
labour and lifestyle of farmers (Molfino et al., 2014; Tse et al., 2017)
although these farm systems still require more initial investment and
may not reach the same profitability as the most efficient conventional
systems (Shortall et al., 2016).

The readiness of smart-farming technologies to be adopted seam-
lessly by farmers or staff is still a matter of discussion. Social studies
conducted with dairy farmers of New Zealand (Eastwood et al., 2017)
and Ireland (Regan et al., 2018) have shown how innovation activities
have focused on technology development without considering wider
socio-ethical implications. In Australia, Jakku et al. (2018) found that
when farmers where questioned about the adoption of smart farming or
big data applications they raised issues related to trust, transparency
and use of their data. Eastwood et al. (2012) studied the learning
process of Australian dairy farmers installing new precision technolo-
gies and highlighted the need for networks of practice among tech-
nology providers, farmers and the key role of “translators” between
them. There are also divergent views among farmers, agricultural ad-
visors, and lay citizens on the role of technology, as demonstrated by a
recent qualitative study on Brazilian dairy farms (Cardoso et al., 2019).
In that study both farmers and advisors referred to technology as im-
portant to improve the quality of life of farmers and workers. Lay ci-
tizens, however, not even discussed the issue of quality of life and saw
technology as means to improve milk quality.

3.5.3. Animal welfare
Animal welfare has a social impact beyond the farm gate since

consumers and local communities are increasing their awareness to-
wards this issue. This is evident both in developed and developing
countries as a recent survey in Brazil has shown (Cardoso et al., 2019).
Both farmers, their advisors and citizens were concerned about animal
welfare. However, whereas farmers and advisors focused on biological
aspects, citizens emphasized aspects of naturalness and affective states
to support their argument (Cardoso et al., 2019). In this way, many
studies conducted with citizens show that access to pasture is re-
cognized by society as very important to the welfare of dairy cows
(Hötzel et al., 2017; Schuppli et al., 2014; Ventura et al., 2016).
Moreover, it has been demonstrated that provision of information about
zero-grazing (Hötzel et al., 2017; Schuppli et al., 2014) or a farm visit
(Ventura et al., 2016) failed to increase the acceptance of such practice.
In Uruguay, the predominance of pasture-based all year-round out-door
grazing and small family sized farms might be seen as a comparative
advantage by consumers and society in general. In contrast, research
has shown that cows might prefer to stay inside when temperature is
high and access a high energy density diets (von Keyserlingk and
Weary, 2017). These findings highlight the opportunities for hybrid

systems in Uruguay where grazing is effectively combined with a TMR
diet (Mendoza et al., 2016a, 2016b) due to the frequent shortfalls in
pasture growth. It appears that progress in science is required to study
how animals must be taken care of whilst understanding societal values
and the way citizens engage with dairy production (Boogaard et al.,
2011; Miele et al., 2011; von Keyserlingk and Weary, 2017).

In the context of farm growth and concentration, current infra-
structure constraints (Aguerre and Chilibroste, 2018) will remain a
challenge for animal welfare. Intensification in such environment has
shown to increase the risk of animal disease and metabolic problems in
pasture based systems (Lean et al., 2008) leading to increased culling
and mortality rates. In this context, heat stress and long walking dis-
tances are relevant issues related to animal welfare. Research on pas-
ture-based systems in New Zealand (Kendall et al., 2007) and more
recently in Uruguay (Román et al., 2019) has shown the impact of
access to shade on milk production by reducing heat stress. In New
Zealand, farmers are reducing environmental stress by using sprinklers
at the dairy and standoff pads (Clark et al., 2007). A local study has
reported the potential impact of long walking distances on milk pro-
duction and composition (Fajardo et al., 2015). Long walking distances
in large herds could be addressed by using once-daily milking when
grazing the most distant paddocks (Clark et al., 2007) although a trade-
off between labour savings and profit has been shown in New Zealand
(Clark et al., 2006) and Argentina (Lazzarini et al., 2018).

4. Future direction of research

Recent efforts have been made in Uruguay towards the development
of strategic research to tackle the issues highlighted in this paper. The
sustainable intensification of pasture-based farm systems has been the
common goal of the largest dairy research ongoing projects where
university, research institutes and industry bodies are working along-
side. The effect of stocking rate and contrasting pasture management
strategies on biophysical, environmental and economic performance of
farm systems is being investigated through an integrative approach,
combining farmlet studies (Custodio et al., 2018; Ortega et al., 2018),
and commercial farms monitoring (Aguerre and Chilibroste, 2018;
Pereira et al., 2017). With a similar approach, a farmlet study is ana-
lysing different feeding strategies and animal genotypes to double the
industry yields of home-grown forage and milk solids per hectare
(Martínez et al., 2018; Stirling et al., 2018). New studies are in the
pipeline to explore the sustainability of further intensification alter-
natives, evaluating both pasture-based systems using irrigation as well
as hybrid systems that include controlled housing conditions.

To explore options facing the labour and lifestyle challenges related
to dairy intensification, the first pasture-based voluntary milking
system is already operating in Uruguay and will serve as a research
platform to study its potential adaptation to local conditions and
profitability. Besides this, further research focused on conventional
dairying is being explored involving researchers from social disciplines.
Research and co-innovation to tackle the on-farm lack of growth in the
national dairy herd is still lacking and will require additional efforts in
the future.

5. Conclusions

There is a clear opportunity for production growth in dairy farm
systems in Uruguay without losing their international competitiveness.
Lifting production and utilisation of home-grown forage through a two-
fold increase in stocking rate from the current industry average appears
as the most sustainable pathway. In this way, a particular focus on
permanent pastures might bring both environmental and social ad-
vantages. It appears that current restrictions related to infrastructure,
herd dynamics and animal welfare are still a challenge but could be
overcome in the mid-term. Future changes in labour and lifestyle
choices will probably remain a challenge in the long term.
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