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Abstract
Ecological intensification is the production of more agricultural product and ecosystem services relying 
on ecological processes and biodiversity while reducing external inputs. Recent intensification of beef 
grazing systems in South America based on increased use of grain in diets, and therefore more fertilizers, 
pesticides, and fossil energy, have produced negative environmental impacts. The aim of this study was to 
identify ecological intensification strategies for grazing beef systems modelling case studies from Uruguay. 
Production and environmental indicators were assessed for cow-calf beef farms and finishing beef farms, 
using a partial life cycle assessment. Intensification trajectories graphs were used to identify ecological 
or input-based intensification strategies. Cow-calf farms which optimized the stocking rate and forage 
production achieved higher beef productivity and lower greenhouse gas emissions per kg and per ha. 
Finishing beef farms based on native grasslands or improved pastures achieved improved environmental 
performance in terms of energy and nutrients, although higher emissions. Sustainable intensification of 
grazing systems relied on efficient utilization of pastures rather than increased use of inputs.
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Introduction
In the face of global climate change problems, there is a call for ‘ecological intensification’ of agriculture: 
the production of more product and ecosystem services through the utilization of ecological processes 
and biodiversity, attaining greater resource use efficiency and reducing external inputs. There is a need for 
understanding which management practices and strategies fulfil the ecological intensification requisites, 
and are not just a greener version of conventional intensification based on external inputs (Tittonell, 
2014). Recent intensification of grazing beef systems in South America, based on increased use of grain 
in diets, and therefore more fertilizers, pesticides and fuel, have increased soil erosion, water pollution, 
and fossil energy use, while diminishing biodiversity (Modernel et al., 2016; Picasso et al., 2014). The 
aim of this study was to identify practical strategies for ecological intensification of beef grazing systems 
modelling case studies from Uruguay.

Materials and methods
Production and environmental indicators were assessed for cow-calf beef farms and finishing beef farms, 
using a partial life cycle assessment (from cradle to gate), for a range of farms representing the diversity 
of beef systems in the country. For the cow-calf systems, we used four examples from a typology based 
on previous surveys of 20 farms based on forage resources, grazing management, reproductive indicators, 
beef productivity and carbon footprint described in Becoña et al. (2014): traditional (low productivity 
on overgrazed grasslands), improved grazing (higher productivity based on reducing stocking rate), 
‘carbon smart’ (minimum carbon footprint through improved pastures), and input intensive (highest 
productivity with high stocking rates on improved pastures). For the finishing systems, we modelled 
four combinations of backgrounding (i.e. stocker, based on grasslands or sown grass-legume pastures) 
and finishing (based on pastures or feedlot) characterized in terms of animal productivity, feed intake, 
carbon footprint, energy consumption and nutrient efficiency described in Modernel et al. (2013). The 
methodology for the calculations is based on IPCC 2007 tier 2 equations and described in detail in the 
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previous publications. These real cases provided a wide range of technological strategies, productivities 
and environmental performances for beef production (Table 1). We developed ‘intensification trajectory’ 
graphs (Figure 1) plotting carbon footprint (on the Y axis) versus beef productivity (the X axis) and 
adding other production and environmental variables as area-sized bubbles in the same plot.

Results and discussion
The graphical analysis (Figure 1) enabled identification of ‘ecological intensification trajectories’ for farms 
that increased productivity and reduced environmental impacts (black arrows), and ‘input intensification 
trajectories’ for farms that increased productivity based on external inputs (white arrows). For cow-calf 
systems, reducing stocking rate from traditional overgrazed systems, and increasing forage productivity 
were management practices that sustained ecological intensification, increasing productivity and reducing 
carbon footprint per unit of beef and per unit of area. Further intensification based on increased inputs 
for sown pastures, although increased productivity, also increased emissions. For finishing systems, the 
increase in productivity linearly increased fossil energy use and nitrogen inefficiency, while reducing 
GHG emissions per unit of beef (but not always per unit of land).

Conclusions
Sustainable intensification of grazing systems relied on efficient utilization of pastures rather than only 
increasing use of inputs. Ecological intensification trajectories made efficient use of grasslands and 
pastures, optimized grazing intensity, and supported high forage productivity.

Table 1. Production and environmental indicators for case study beef systems.

Variable and units1 Cow‑calf systems Backgrounding‑finishing systems

Traditional Improved 

grazing

Carbon 

smart

Input 

intensified

Grasslands‑

Grasslands

Grasslands‑

Pasture

Pasture‑

Pasture

Pasture‑

Feedlot

Grasslands2 (%) 95 93 66 88 100 73 17 19

Pastures2,4 (%) 5 7 34 12 0 25 75 38

Grain2 (%) . . . . 0 2 8 43

Intake (kg DM.an-1.d-1) . . . . 10.8 9.4 8.1 9.3

Weight gain (kg.an-1.d-1) . . . . 0.4 0.5 0.7 0.9

Feed prod.3 (kg DM.ha-1) 3,845 4,196 4,423 4,654 3,765 3,666 2,889 3,070

Stocking rate (LU ha-1) 0.81 0.72 0.81 0.86 0.95 1.08 1.06 1.59

Weaning rate (%) 61 82 72 85 . . . .

Productivity5 (kg LW ha-1) 73 89 125 141 143 194 250 299

GHG (kg CO2 eq.kgLW-1) 29 21 16 18 29 22 16 12

GHG (kg CO2 eq.ha-1) 2,061 1,817 1,931 2,551 4,095 4,329 4,071 3,524

Energy6 (MJ kg LW-1) . . . . 0.0 4.9 11.8 17.3

Nitrogen inefficiency7 . . . . 0.4 2.4 4.3 4.8

1 DM = dry matter, an = animal (steer), d = day, LU = livestock units, GHG = greenhouse gas emissions (methane was 75% in cow-calf, 50-70% in finishing). 2 Percent of land area 
for cow-calf, and % of diet DM intake for finishing systems. 3 Forage in cow-calf and forage and grain in finishing systems. 4 Mainly grasslands fertilized and over-seeded with legumes 
in cow-calf, and sown grass-legume pastures for finishing systems. 5 Livestock productivity (LW=livestock live weight gain). 6 Fossil energy use by farm per unit of product. 7 N Input/
output ratio.
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Figure 1. Intensification trajectory graphs for cow calf (A) and finishing (B) systems. Area of continuous-border bubbles represents GHG 
emissions per unit of land (values outside the bubble in kg CO2eq ha-1). Area of dotted-border bubbles represents stocking rate in cow calf 
systems (values in centre of bubble, in LU ha-1). Area of dashed-border bubbles represents fossil energy consumption in finishing systems 
(values in centre in MJ kg-1).
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