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Cow-calf systems utilise grazing of native grasslands for beef cattle propagation and constitute the prin-
cipal livestock activity in the Pampas and Campos areas. Cow-calf system sustainability is questioned
because of their low production levels and negative environmental impact. Ecological intensification
has been proposed as a way out that constitutes an alternative to dominant discourses based on increas-
ing external-input use. There is, however, a considerable gap between the availability of scientific knowl-
edge to promote the ecological intensification of cow-calf systems and farmers’ practices. This gap
between scientific knowledge availability and farmers’ practices can be made explicit, and its conse-
quences for systems performance can be explored through a conceptual model. Conceptual models are
tools to build a systems view of the interactions among the production system’s state variables, farm
management, and resulting system performance. In this paper, we develop a conceptual model of cow-
calf systems on native grasslands of the Pampas and Campos regions to support the diagnosis and rede-
sign of farm systems towards ecological intensification. We apply the conceptual model to analyse cow-
calf systems in Uruguay, drawing on a survey among 250 Uruguayan livestock farmers. Using the model,
we show that in Uruguay, the level of implementation of strategic, tactical, and decision-supporting tech-
niques is low. Consequently, most farms have poor control of the grazing intensity and timing of main
events in the production cycle. This results in ample room to improve the productive and environmental
performance of most cow-calf farms in Uruguay. We distinguished three broad types of cow-calf systems
based on the degree of implementation of techniques, the evolution of state variables throughout the
year, and productive indicators. These types imply different departure points and strategies for a sustain-
ability transition process. The conceptual model designed in this paper may support the cow-calf systems
sustainability transition in the context of co-innovation processes by aiding the interactive diagnosis and
redesign of farm systems.
� 2023 The Author(s). Published by Elsevier B.V. on behalf of The Animal Consortium. This is an open

access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
Implications

Cow-calf systems have low production and net income. Ecolog-
ical intensification has been proposed as an alternative to improve
these systems. There is a gap between scientific knowledge and
farmers’ practices. We demonstrate that the implementation of
ecological management techniques is low. Most farms have poor
control of grazing intensity and timing of main events in the pro-
duction cycle. The conceptual model formulated in this study pro-
vides a framework for discussing current cow-calf systems
functioning and alternative pathways for sustainability transitions.
In the context of co-innovation processes, it can aid the diagnosis
and redesign steps supporting interactive learning by participant
actors.

Introduction

Native grassland constitutes the principal land use in most
countries in South America (Baeza and Paruelo, 2020). This native
grassland provides ecosystem services related to environmental
conservation, such as carbon sequestration and biodiversity main-
tenance (Modernel et al., 2016). The native grassland is also the
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basis for livestock production with its social, cultural, and eco-
nomic relevance (Paruelo et al., 2022). Cow-calf systems are the
principal livestock activity in southern South America’s Pampas
and Campos areas, mainly involving family farms (Modernel
et al., 2018).

Cow-calf systems on native grasslands are complex systems
where interactions between abiotic and biotic components result
in a marketable animal product, and the human element has a cen-
tral and decisive role (Briske et al., 2011; Stuth and Maraschin,
2001).

Although the cow-calf systems have the lowest environmental
footprint (Paruelo et al., 2022), their sustainability is questioned
because of their low production levels and negative environmental
impact due to inadequate grazing management of native grass-
lands. Average meat production in these systems is low (around
80 kg LW ha�1) (Modernel et al., 2018; Nabinger and Carvalho,
2009). Reproductive efficiency is also low, e.g., 60–65 calves are
weaned per year per 100 mating cows (Soca et al., 2007), equiva-
lent to 90 kg of weaned calves per mating cow (Do Carmo et al.,
2016). These production levels result in low net farm income and
farmer labour productivity (Ruggia et al., 2021). The main causes
of low productive and economic results are high grazing intensity
and lack of adequate herd management (Claramunt et al., 2020;
Nabinger and Carvalho, 2009; Ruggia et al., 2021). High grazing
intensity could increase soil erosion rates due to soil cover reduc-
tion, plant and animal diversity, and increase greenhouse gas emis-
sions (Modernel et al., 2016), rendering grazing intensity a key
lever for change.

Ecological intensification (Doré et al., 2011; Tittonell, 2014) has
been proposed as a pathway to increase cow-calf systems’ produc-
tivity and net farm income and improve the production and use of
native grasslands (Soca et al., 2007). Ecological intensification of
livestock production on native grasslands aims to increase meat
production per unit area without increasing costs while preserving
and improving ecosystem services such as biodiversity, soil and
water quality, and soil carbon stocks. Ecological intensification
promotes intelligent and intensive use of the ecosystem’s natural
support and regulation functions through managing biodiversity,
solar energy capture, and biogeochemical cycles (Doré et al.,
2011; Soca et al., 2007).

In the past three decades, scientific knowledge has been gener-
ated for the ecological intensification of cow-calf systems. Studies
addressed both native grassland management (Claramunt et al.,
2017; Do Carmo et al., 2018; Nabinger and Carvalho, 2009; Da
Trindade et al., 2016) and breeding cow management (Claramunt
et al., 2020; Do Carmo et al., 2016; Quintans et al., 2010; 2004;
Soca and Orcasberro,1992). Results showed that appropriate graz-
ing intensity through monitoring of forage allowance increased
forage production and the cows’ energy intake (Do Carmo et al.,
2021; Da Trindade et al., 2016). Appropriate forage allowance com-
bined with herd management techniques increased reproductive
efficiency and meat production without increasing input use or
production costs and maintained or increased the provision of
ecosystem services by the native grasslands (Do Carmo et al.,
2016; Dumont et al., 2020).

There is, however, a considerable gap between the availability
of scientific knowledge to promote the ecological intensification
of cow-calf systems and farmers’ practices (Landais et al., 1988),
as shown by the low and partial adoption of scientific results (Min-
isterio Ganaderia Agricultura Pesca (MGAP – OPYPA 2016). One
explanation for this gap is that the scientific knowledge developed,
presented, and promoted refers to individual techniques aimed at
improving specific system components without accounting for
the cow-calf systems as a whole. A systemic perspective of the pro-
duction process at the farm level to enable combining and integrat-
ing techniques in terms of coherent farm-specific sets is lacking. To
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our knowledge, no published studies provide a systemic integra-
tion of available scientific knowledge to promote ecological inten-
sification of the cow-calf systems of the Pampas and Campos
grasslands. The temporal alignment of the processes of gestation,
lactation, and mating with the spatiotemporal alignment of forage
production and cows’ energy intake across native grassland pad-
docks (Funston et al., 2016; Soca and Orcasberro, 1992; Duru and
Hubert, 2003) is key in cow-calf production systems’ management
aimed at improving energy intake and transformation of energy by
animals for ecological intensification.

Conceptual models (Rapidel et al., 2006) are tools to build a sys-
tems view of the interactions among the production system’s state
variables, farm management, and the resulting system perfor-
mance. This paper aims to develop a conceptual model of cow-
calf systems on native grasslands of the Pampas and Campos
regions as a basis for the ecological intensification of production
systems. First, we present a conceptual model of cow-calf systems
functioning, integrating biophysical and technical components and
their relationships. Second, we review scientific knowledge on eco-
logical intensification management options, which we classify as
strategic, tactical and decision-support techniques. Third, we apply
the conceptual model to analyse cow-calf systems in Uruguay,
drawing on a survey among 250 Uruguayan livestock farmers.
We end by discussing the usefulness of the proposed conceptual
model for fostering ecological intensification of the Pampa and
Campos cow-calf systems.
Material and methods

The conceptual model of the cow-calf system

A conceptual model is a representation of a system that is built
to address specific questions. The system is defined by its limits,
components, environment, relevant state variables and flows of
mass and information within the system and exchanged with the
environment. In agricultural systems, two sub-systems may be dis-
tinguished. The biophysical sub-system comprises a set of compo-
nents (soil, forage, animals), each represented by one or several
state variables. The technical sub-system is a combination of ani-
mal management techniques that act individually or interactively
on processes (e.g. forage production, animal intake), on state vari-
ables (e.g. forage mass, body condition score (BCS), or on the flow
between components and processes (Rapidel et al., 2006).

Following Rapidel et al. (2006), we considered a cow-calf sys-
tem as a biophysical sub-system affected by the environment (cli-
mate, weather and soil) and by a technical sub-system. We built a
conceptual model of cow-calf grassland systems by combining dif-
ferent sources of information: analytical research based on facto-
rial experiments in which the effects of different management
treatments were tested (Claramunt et al., 2017; Do Carmo et al.,
2018; Quintans et al., 2010; Soca et al., 2013); results from regional
diagnosis and survey studies (Fernández Rosso et al., 2020; MGAP,
2016; Modernel et al., 2018); and on-farm research and co-
innovation projects (Bilotto et al., 2019; Do Carmo et al., 2019;
Ruggia et al., 2021).
Review and classification of techniques to manage cow-calf systems on
Pampas and Campos grasslands

We reviewed the literature on management techniques for the
Campos and Pampas region cow-calf systems. Based on the idea
that techniques for the management of grazing systems can be
classified according to their time horizon and the entity involved
(Duru and Hubert, 2003; Funston et al., 2016; Nozières et al.,
2011), we classified the techniques into three groups: strategic,
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tactical, and support for decision-making. We defined strategic
techniques as those determining the main events defining the pro-
duction system. They involve medium to long-term decisions,
which structure the system and define the moments at which
the main productive events occur throughout the cycle. Tactical
techniques comprise decisions within one production year, allow-
ing adaptation to changing circumstances, correcting or mitigating
a specific setback, and steering towards the defined productive
objectives. Techniques that support decision-making involve mon-
itoring of state variables (forage mass, BCS) to inform tactical man-
agement decisions.

Application of the conceptual model to cow-calf systems in Uruguay

To illustrate the heuristic value of the conceptual model, we use
it to diagnose cow-calf system functioning and management at
family farms in two native grassland regions in Uruguay: Sierras
del Este and Cuesta Basáltica.

Data were obtained from a representative survey by the Min-
istry of Livestock, Agriculture and Fisheries (MGAP, 2021) that
was part of the Livestock Family Farmers and Climate Change pro-
ject. The survey, conducted between May and August 2015 con-
sisted of a face-to-face structured interview conducted by
interviewers hired for this task. The interviewers had received
training from researchers for the application of the survey. The sur-
vey involved 250 farmers in the two regions, selected to represent
the diversity of stocking rates. For this purpose, farms in the
regions known through the 10-yearly agricultural census were
classified into three stocking rate categories: less than 0.6 animal
units (AU) ha�1, from 0.6 to 0.9 AU ha�1, and over 0.9 AU ha�1.
From 1614 farms in the two regions, 250 farms were selected to
be interviewed based on Neyman’s sample size estimation
(Cochran,1977). In the final sample, 48% of farms were from the
Cuesta Basáltica and 52% from the Sierras del Este.

The survey format was similar to a model used by the Agricul-
tural Statistics Research of the Ministry of Livestock, Agriculture
and Fisheries (MGAP) (https://www.gub.uy/ministerio-ganaderia-
agricultura-pesca/tematica/diea). It covered the following topics:
general information about the family and the farm; land use; ani-
mal stock; breeding management; rearing and wintering manage-
ment; sheep management; production costs; technical assistance;
access to information and networks.

Cow-calf system types

Based on the conceptual model built, the use of strategic, tacti-
cal and decision- supporting techniques by the farms surveyed,
and published farm case studies (Do Carmo et al., 2019; Ruggia
et al., 2021), we proposed the classification of cow-calf systems
in Uruguay into three types, contrasting in their degree of control
of the production process by the farmer.
Results

This section proposes a conceptual model of the cow-calf sys-
tem in the Campos and Pampas region of southern South America.
From an ecological intensification perspective, we classified tech-
niques available to improve the production, use, and conversion
of forage energy into animal products by linking the technical
and biophysical sub-systems. We classified these techniques as
strategic, tactical and decision-supporting. Then, based on data
from a survey on livestock systems in Uruguay, we analysed the
level of implementation of strategic, tactical and decision-
supporting techniques. Finally, we proposed three possible types
of cow-calf systems and described how they work and their results.
3

A conceptual model of cow-calf systems functioning and management

Cow-calf systems on native grasslands are complex systems
where interactions between abiotic and biotic components result
in a marketable animal product and where the human element
has a central and decisive role (Briske et al., 2011; Stuth and
Maraschin, 2001). Outdoor grazing systemswith low external inputs
convert solar energy, water, and soil nutrients into animal products
(Nabinger, 1997; Briske et al., 2011). Forage production and animal
energy intake from forage are key processes at the production sys-
tem level (Hodgson, 1990; Ungar, 2019). Forage production is
affected by soil type, botanical composition, soil moisture, tempera-
ture, and leaf area index (Nabinger, 1997; da Silva et al., 2015). Ani-
mal energy intake is mainly controlled by forage availability and
quality (Hodgson, 1990; Da Trindade et al., 2016; Do Carmo et al.,
2021) and is used for maintenance, reproduction, lactation, and ges-
tation (Short et al., 1990) and growth (NRC, 2000).

Campos grasslands are dominated by C4 species (Lezama et al.,
2019). Their growth rate is affected by seasonal variation in radia-
tion, temperature, water availability, and leaf area index controlled
by grazing intensity (da Silva et al., 2015). Depending on soil mois-
ture, most forage accumulation typically occurs between September
and March (spring and summer). In contrast, forage accumulation
rates are limited during winter (May to August), tending to zero
(Royo Pallarés et al., 2005). Depending on the type of soil and the
vegetation, the aboveground productivity of native grassland varies
from 2 500 to 4 500 kg DM ha�1 per year, but production values dif-
fer depending on grazing intensity (Do Carmo et al., 2018). In an
average year, a farm with good control of the grazing intensity can
achieve an available forage mass per hectare of 2 500 kg DM ha�1

or about 8 cm of sward height in autumn (March), around
1 200 kg DM ha�1 or 3–4 cm in late winter (August), and 1 800–
2 000 DM ha�1 or 6 cm in mid-spring (November) (Do Carmo
et al., 2016; Ruggia et al., 2021). Such levels of available forage mass
are necessary but not enough to obtain animal production greater
than the current average. Another relevant factor is the utilisation
of energy by animals. The timing of the main events of the beef
cow productive cycle – mating, calving, and weaning - should be
planned when they are most appropriate from the point of view of
forage availability (Funston et al., 2016). Concentrating the calving
period in early spring, and therefore the mating in late summer,
ensures that most of the breeding cows’ energy requirements for lac-
tation and the return to ovarian activity after calving can be met.
Weaning at the end of summer reduces the energy requirements
of breeding cows, allowing them enough time to recover body con-
dition before the onset of winter (Soca and Orcasberro, 1992). The
biophysical sub-system comprises paddocks and animals, each rep-
resented by several state variables (available forage and animal body
condition). The technical sub-system is a combination of strategic,
tactical, and decision-supporting techniques that define the flows
among the state variables within the biophysical sub-system and
the system’s performance. As productive performance indicators,
we propose the pregnancy rate, the weight of calves at weaning,
and the weight of cows sold in autumn. The product of the first
two indicators is the weight of weaned calves per mating cow
(Fig. 1). Below, we describe the various system components and their
interactions in more detail, starting a production year in autumn.

Autumn is a key moment in Pampas and Campos grazing sys-
tems. Net forage accumulation during spring, summer, and early
autumn defines forage availability until the next spring (Do Carmo
et al., 2018). The forage availability in the winter is the lowest of
the entire cycle (Bilotto et al., 2019; Do Carmo et al., 2018). Weaning
in March will allow the cows to increase their body condition (mea-
sured by the body condition score BCS) by benefiting from available
forage before winter and not having to spend energy on milk pro-
duction anymore (Trujillo et al., 1996). During winter, the cows’
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Fig. 1. Conceptual model of cow-calf systems on Pampas and Campos grasslands. The system comprises a technical and a biophysical sub-system and their interactions.
Three state variables describe the system status: grazing intensity control, forage mass, and cow body condition score (BCS), indicated in dark shading. Inputs from the
environment and performance indicators are shown in grey boxes. In the technical sub-system, strategic techniques are represented in black font, tactical techniques in red,
and decision-supporting techniques in blue. For further explanation, see the main text.

I. Paparamborda, S. Dogliotti, P. Soca et al. Animal 17 (2023) 100953
BCS will generally decrease due to low forage availability and
increasing energy requirements from the advancing gestation. BCS
at calving and forage intake after calving (Do Carmo et al., 2021)
determine the evolution of postpartum BCS, which significantly
affects the return to ovarian cyclicity (Soca et al., 2013; Claramunt
et al., 2017) and the level of milk production and thus the develop-
ment of the calf (Gutiérrez et al., 2013; Iewdiukow et al., 2020).

From September, temperature and soil moisture allow high for-
age growth rates until November, when water stress becomes
more frequent (Carvalho et al., 2006; Do Carmo et al., 2018). Con-
trol of grazing intensity during this period is essential to maintain a
leaf area index value in the paddocks ensuring high biomass accu-
mulation before summer droughts start. Pasture height is generally
used as a proxy indicator for leaf area index and biomass accumu-
lation (da Silva et al., 2015).

At the start of the mating period (mid-November), some cows
may still be in anoestrus depending on the calving date and the
evolution of their BCS (Quintans et al., 2004; Soca et al., 2013).
Suckling control by a calf nasal splint during 14 days (temporary
weaning) at the time of mating can stimulate the cow’s return to
the oestrous cycle (Quintans et al. 2010), which, together with ade-
quate forage allowance, facilitates pregnancy. The weight of the
weaned calf is co-determined by the cow’s milk production and
the availability of forage for the calf (Claramunt et al., 2020). The
pregnancy rate and weight of calves at weaning determine the
weight of calves weaned per mating cow, a herd-level performance
indicator. Control of the cow’s BCS is also useful to achieve good
selling weights of the cows leaving the herd to be fattened.
Ecological intensification techniques to improve cow-calf system
performance on Pampas and Campos grasslands

The techniques, classified into three groups: strategic, tactical,
and support for decision-making, are presented in the following
sections (Table 1).
4

Strategic techniques
Adjusting the annual stocking rate to match the carrying capacity of
the farm. The carrying capacity is defined by Allen et al. (2011) as
the maximum stocking rate, i.e. the number of animal units or
amount of forage intake units per unit area and year that will
achieve a target level of animal performance in a specified grazing
system that can be applied over a defined time without deteriora-
tion of the grazing land. Carrying capacity may also be defined
from different perspectives (e.g. resource, animal, welfare, systems
or environment perspective) (Ungar, 2019). Here, we opt for the
systems perspective. From this perspective, the stocking rate
should allow a high intake for as long as possible in the annual pro-
duction cycle (Ungar, 2019). Defining a stocking rate adjusted to
the carrying capacity has implications for herd structure and size
and is livestock farmers’ major decision. To match a farm’s carrying
capacity, the stocking rate should be adjusted to the natural varia-
tion in forage availability across paddocks (Nozières et al., 2011)
and throughout the year (Do Carmo et al., 2018). This can be
achieved by planning the timing of animal sales (male and female
calves, replacement cows) and, occasionally, buying animals to fat-
ten in years with high forage availability.
Determining mating season start and length. In systems on native
grasslands, the calving date has been reported to influence the pro-
ductive and economic results of the cow-calf system (Funston
et al., 2016). For the Pampas and Campos grasslands’ climate, late
winter and early spring calving (from 15 August to 31 October)
allow the highest energy availability in the forage to coincide with
the highest energy demand from the cows, thus ensuring high milk
production and a fast return to ovarian cyclicity (Soca et al., 2013;
Soca and Orcasberro, 1992). The mating season should start in mid-
November to last a maximum of three months to ensure energy
supply–demand matching, aiming for most cows to become preg-
nant within 60 days. In mid-November, the cows will have had a
calf on average 2.5 months earlier and, if provided with sufficient



Table 1
Strategic, tactical, and decision-supporting techniques underpinning ecological intensification of cow-calf systems in southern South America.

Category Technique Reference

Strategic Adjusting the annual stocking rate to match the carrying capacity of the
farm

Briske and Heitschmidt (1991), Ungar (2019), Torell et al. (2010)

Determining mating season start and length Soca and Orcasberro (1992), Do Carmo et al. (2016), Funston et al.
(2016), NRC (2000)

Determining lactation period length Soca and Orcasberro (1992), Trujillo et al. (1996), NRC (2000)
Supporting energy intake of primiparous cows after calving Soca et al. (2013), Astessiano et al. (2012)
First pregnancy of heifers at two years of age Quintans et al. (2008), Soca et al. (2013), Meikle et al. (2018)

Tactical Applying temporary weaning: suckling restriction for two weeks during the
mating season

Soca et al. (2007), Quintans et al. (2010)

Applying temporary weaning combined with dietary flushing Soca et al. (2013), Astessiano et al. (2012)
Decision-

support
Testing bulls’ fertility before the mating season Viñoles et al. (2009)
Monitoring Body Condition Score (BCS) Vizcarra et al. (1986), Soca and Orcasberro. (1992), Trujillo et al. (1996)
Monitoring forage height and biomass Do Carmo et al. (2020)
Ovarian activity diagnosis Perry et al. (2016), Quintans et al. (2010)
Pregnancy diagnosis Beal et al. (1992)
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forage, will have recovered BCS after calving. Such concentrated
mating will also contribute to more uniform calf weights at wean-
ing, which can be financially advantageous at the time of sale.

Determining lactation period length. Weaning the calves at the end
of summer (March) reduces the cows’ energy requirements (NRC,
2000). In combination with the cows’ yet low gestation energy
requirements (the cow is only three months pregnant) allows them
time to increase their BCS before winter, benefiting from forage
availability during autumn (Claramunt et al., 2017; Soca and
Orcasberro, 1992).

Supporting energy intake of primiparous cows after calving. A nega-
tive energy balance due to lactation has more impact on primi-
parous than on multiparous beef cows (Soca et al., 2013). The
postpartum anoestrus interval is longer in primiparous cows, and
the reproductive efficiency is lower than in multiparous cows
(Soca et al., 2013). Consequently, primiparous cows get pregnant
less quickly than multiparous cows (Soca et al., 2007). Adequate
energy intake by primiparous cows after calving is essential to
ensure they continue their body development, improve their BCS,
and produce milk. Energy intake can be supported by allocating
them to a dedicated paddock with a high forage allowance.
Overseeding native grasslands with legumes (e.g. Lotus spp.) or
other species has been proposed as an effective method to improve
forage quality and quantity during early spring (Carámbula et al.,
1994; Soca et al., 2002). However, if grazing intensity on such pad-
docks is not carefully controlled, this technique may cause biodi-
versity loss and degradation of the natural grasslands (Jaurena
et al., 2016).

First pregnancy of heifers at two years of age. The cows’ age at first
pregnancy substantially impacts the production systems’ efficiency
(Meikle et al., 2018). The best results for Pampas and Campos
grasslands were achieved when heifers got pregnant at two years
of age (Quintans et al., 2008). On many Campos farms, however,
a significant portion of heifers get pregnant at three years of age
(Quintans, 2016). Delay of first pregnancy may be caused by BW
loss in female calves and heifers during winter, affecting their
reproductive success. In winter, increased forage allowance for hei-
fers (Soca et al., 2013) combined with supplementary feeding con-
stitute strategic decisions for a target BW over 300 kg at two years.

Tactical techniques
Applying temporary weaning: suckling restriction for two weeks
during the mating season. Temporary weaning consists of placing a
nasal splint on 50- to 70-day-old calves of at least 60 kg of live
weight for 11–14 days (Quintans et al., 2010). Temporary weaning
5

reduces milk intake by the calf and milk production by the cow for
a short period, improving the cows’ energy balance and increasing
glucose, insulin and IGF 1 levels. As a result, postpartum anoestrus
is reduced, and the overall pregnancy rate is increased. This
response to temporary weaning is affected by the cow’s BCS at
calving and its evolution during mating (Quintans et al., 2010;
Soca et al., 2013). Cows with a BCS of 3.5–4 at the beginning of
suckling restriction have the highest response to temporary wean-
ing. For this category, an early pregnancy rate of 80% can be
obtained (Soca et al., 2007), around 30% more than those without
temporary weaning.

Appling temporary weaning combined with dietary flushing. Tempo-
rary weaning can be combined with flushing by providing the cows
with energy-rich feed for 21–25 days. Increased energy intake for a
short period does not change the BCS but increases metabolic hor-
mones improving the energy balance and the pregnancy probabil-
ity (Soca et al., 2013).

Decision-supporting techniques
Testing bulls’ fertility before the mating season. Assessing bulls’
reproductive aptitude before the breeding season is a technique
to avoid reproductive losses due to unfit bulls (Viñoleset al.,
2009). Reproductive problems of the bull directly affect the repro-
duction of the breeding herd and, therefore, the system’s produc-
tivity. A basic fertility status evaluation of bulls consists of a
physical examination of the animal and its reproductive organs,
measurement of scrotal size, and evaluation of semen (Viñoles
et al., 2009).

Monitoring body condition score. Visual inspection of a cow’s BCS
ascertains its nutritional status, which predicts reproductive effi-
ciency. The BCS scale for beef cows developed in Uruguay
(Vizcarra et al., 1986) has eight levels ranging from very skinny
to very fat. BCS is a variable that can be controlled through herbage
allowance (Trujillo et al., 1996; Do Carmo et al., 2018; Claramunt
et al., 2017). Although BCS monitoring may be carried out system-
atically throughout the year, it is particularly relevant from wean-
ing to calving since BCS at calving impacts the duration of the
postpartum anoestrum and the pregnancy probability during the
following mating period. Primiparous and multiparous cows
should reach a BCS of 4.5 and 4 points at calving, respectively,
for high pregnancy probability, i.e. 80% or more (Do Carmo et al.,
2016).

Monitoring forage height and biomass. Monitoring forage height and
biomass and estimating forage allowance in each paddock enable
allocating animals to paddocks according to their energy require-
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ments and BCS level. Forage height and allowance strongly impact
pasture growth rate and, consequently, forage accumulation (or
decumulation) (Do Carmo et al., 2018). Soca and Orcasberro
(1992) proposed forage height thresholds for the cow-calf system
at weaning of 8 and 10 cm and 8 and 6 cm at lactation and mating,
which were found to be effective at the farm scale by Ruggia et al.
(2021).

Ovarian activity diagnosis. Diagnosing ovarian activity in the mid-
dle of the mating season involves determining a cow’s reproduc-
tive status regarding follicular size and uterine tone, identifying
pregnant cows, cows cycling normally, and cows in superficial
and deep anoestrus. This information is relevant for implementing
tactical techniques (temporary weaning and dietary flushing) to
improve pregnancy (Quintans, 2016).

Pregnancy diagnosis. Pregnancy diagnosis (Beal et al., 1992) carried
out one to two months after the end of the mating period identifies
pregnant and non-pregnant cows. Separating pregnant from empty
cows early after weaning enables differential forage allocation in
early autumn to recover 1–1.5 points of BCS before winter. It also
supports decisions concerning non-pregnant cows: immediate
selling, fattening to sale in spring, or keeping them on the farm
until the next mating season at a lower-than-standard forage
allowance. These decisions contribute to stocking rate control.

Application of the conceptual model to cow-calf systems in Uruguay

Here, we use the representative survey results to assess the use
of the conceptual model’s strategic, tactical, and decision-
supporting techniques for ecological intensification in the two Uru-
guayan regions (Table 2). The average age of farmers in the survey
was 54 years; one-third were younger than 50, and another third
were over 60. The average family size was 2.7 persons. Over 50%
of the farmers managed their farms for over 20 years; 7% operated
their farms for less than five years.

Adoption of ecological intensification techniques
Techniques for ecological intensification of cow-calf systems in

the native grasslands of Uruguay are not used widely by farmers.
Stocking rates should be related to forage availability to match
Table 2
Implementation of strategic, tactical, and decision-supporting techniques for ecological int
and Cuesta Basáltica. Results are based on a representative survey of MGAP (2021) among

Category Technique

Strategic Annual stocking rate
Determining mating season start and length

Determining lactation period length

First pregnancy of heifers at two years of age

Tactical Applying temporary weaning: suckling restriction for two weeks d
the mating season.
Applying temporary weaning combined with dietary flushing

Decision-
supporting

Testing bulls’ fertility before the mating season
Monitoring Body Condition Score (BCS)
Ovarian activity diagnosis
Pregnancy diagnosis

1 Animal Unit (AU) is equivalent to a cow of 380 kg live weight.
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the farm’s carrying capacity and ensure sufficient animal energy
intake. Considering that farms roughly have a forage availability
of 1 000–1 200 kg ha�1 (Ruggia et al., 2021; Do Carmo et al.,
2019), and the mean stocking rate is 1.05 AU ha�1 (Table 2), the
forage allowance is only 3 kg DM kg�1 LW. Consequently, animal
energy intake is low (Da Trindade et al., 2016), enhancing over-
grazing and limiting forage production (Nabinger and Carvalho,
2009).

Almost 50% of the farmers do not have a delimited mating sea-
son (Table 2), leaving the farmer clueless about the approximate
time of pregnancy start. As a result, prioritising forage allocation
based on animal requirements at an early enough stage is impossi-
ble. Only 36% of farmers wean calves in March or April. Weaning is
predominantly done in May, June, July and August, compromising
the recovery of the pregnant cows’ body condition before winter.

Tactical techniques to increase pregnancy rates are not used or
applied uniformly to all cows, resulting in inefficient use of
resources. More than 70% of farmers do not perform a pregnancy
diagnosis in autumn, which implies not knowing which cows are
pregnant and which are not. Consequently, they cannot make early
projections of which cows will calve and prioritise the allocation of
available forage. In addition, reduction of stocking rate by selling
empty cows before the decline of forage availability in winter is
precluded.

Temporary weaning is applied by 35% of farmers, and 8% com-
bined temporary weaning with flushing. An extended mating and
calving season hinders the application of calf suckling control
techniques.

Regarding decision-supporting techniques, only 15% of farmers
have their bulls checked by a veterinarian before the mating sea-
son. Most farmers, therefore, run the risk that any bulls’ fertility
problems are discovered too late to prevent pregnancy failures.
As the classification of cows by BCS is done on only 32% of farms,
most farmers cannot make grazing management decisions based
on animal requirements. Diagnosis of ovarian activity is rare.
Therefore, most farmers do not know whether the cows are
cycling, in superficial or deep anoestrus, or pregnant. Finally, only
30% of farmers have a pregnancy diagnosis.

Cow-calf system types
Type 1 ‘‘Systems without time and space management” – cow-calf
ensification of cow-calf systems on Uruguayan Campos grasslands in Sierras del Este
250 farmers.

Survey result

1.05 ± 0.45 AU1 ha�1

Continuous mating: 40% of farmsDouble mating season
(spring/summer and autumn)
: 9% of farmsMating season is restricted to spring and summer
(December to February)
and not more than 90 days: 51% of farms
Weaning in March or April: 36% of farms
Weaning in May: 32% of farms
Weaning in June, July and August: 19% of farms
Weaning in other months: 13% of farms
First pregnancy at two years: 60% of farms
First pregnancy at three years: 40% of farms

uring 36% of farms

8% of farms
31% of farms, of which 50% through a vet
Decisions about forage allowance based on BCS: 32% of farms
5% of farms
30% of farms
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systems with low control over natural production processes and high
grazing intensities resulting in low forage production and low herd
energy intake. On farms of type 1, the evolution of the system’s
main state variables (cow BCS, forage height and biomass per pad-
dock) is not monitored. Rather than farmer management decisions,
weather determines the timing of main events in the animal pro-
duction cycle. The bulls spend most of the year with the herd,
and weaning happens over the course of several months. A lack
of cows’ BCS recovery before calving results in around 60% preg-
nancy rates, i.e., a cow produces one calf almost every two years.

Type 1 farms probably have a high stocking rate, around 1 AU
ha�1 on average. Forage is not allocated according to animal
requirements and animal physiological status. Typically, forage
allowance is below 3–4 kg DM kg�1 of live weight throughout
the year (Do Carmo et al., 2018; Claramunt et al., 2017; Nabinger
and Carvalho, 2009). The sward height is 3–4 cm in autumn, 2–
3 cm in winter, and 4–6 cm in spring-summer. The cows’ BCS
remains low, around 3–4.

Typically, these farms attain 60–70 kg of meat per hectare per
year, associated with a weaning percentage between 55 and 65%,
and calves are sold at 120–140 kg of animal live weight at eight
months of age, mostly in winter. Ruggia et al. (2021) reported such
values in the diagnoses or baseline of their case study livestock
farms.

Type 2 ‘‘Systems with temporal management” - cow-calf systems with
control over the timing of the main events in the production cycle but
no monitoring of the main state variables and, therefore, no grazing
management in space. On farms of this type, the evolution of the
system’s main state variables is not monitored, but farmers use a
calendar of events. Type 2 farms typically have a defined but pro-
longed mating season, from the end of November to the end of
March or April. Depending on the weather, the calves’ weight,
and the final weaning takes place between mid-April and the end
of May. This timing reduces the chances for the cows to recover
BCS before winter, compromising the BCS at calving and the preg-
nancy rate for the following year.

No decision-supporting techniques are implemented, and for-
age allowance is not planned according to BCS and animal require-
ments. Farmers use particular paddocks for specific categories of
animals during critical periods, e.g., where the primiparous cows
give birth or where the calves are taken to pass the first winter.
However, the choice of the paddocks would be based on arguments
such as the convenience of access rather than on an assessment of
the paddocks’ current or expected forage availability as a basis for
managing grazing intensity.

Type 2 farms work at a forage allowance of 3.5–5 kg DM kg�1

live animal weight, with a stocking rate of around 0.9–0.8 AU
ha�1. The height of the sward is 4 cm in autumn, 3 cm in winter,
and 5–6 in spring and summer. The cow’s BCS would be 3–3.5 at
calving; in some cows, it could reach 4–4.5 in late autumn (March).

Low BCS at calving combined with low adoption of temporary
weaning and flushing results in 30 to 35% of the cows failing to
become pregnant since they are in anoestrus.

The meat production achieved by Type 2 farms would be
around 80–100 kg ha�1, with 70–75% pregnancy rates and calf
weights of 130–140 kg in April or May at approximately six
months of age.

Type 3 ‘‘Systems that apply the strategic, tactical and decision-
supporting techniques”. In these farms, there is a control of the tim-
ing of pregnancy, calving and lactation. Final weaning in March
allows for an adequate energy balance of the herd. On Type 3
farms, the main system state variables are monitored. The alloca-
tion of animals to different paddocks is governed by forage avail-
ability on the one hand and BCS and animal physiological
7

requirements on the other, considering the time of year and what
is expected for the coming months. The monitoring involves obser-
vations of the animals or pastures but is not necessarily based on
measurements.

Type 3 farms work at a forage allowance of 5–8 kg DM kg�1 live
weight with a stocking rate around 0.9–0.8 AU ha�1, which implies
an average sward height of around 8 cm in autumn, 4–5 cm in win-
ter, and 8–12 cm in spring and summer. The resulting animal
intake translates into BCSs of the cows between 4.5 and 4 at calv-
ing, maintained during lactation to the final weaning in March, and
increasing to 5–6 BCS at the start of winter.

Meat production is between 120 and 150 kg ha�1 per year,
twice the current national values of 70–80 kg ha�1 per year. This
production level results from a pregnancy rate of around 90% and
a calf live weight of 160 kg or more at six months, in March or
April.
Discussion

This study proposed a conceptual model of cow-calf systems in
the Campos and Pampas region of southern South America. In this
section, we first discuss the scope for ecological intensification
strategies to increase production and ecosystem services compared
to intensification strategies based on inputs and natural grassland
substitution. Second, we discuss how the conceptual model can
support cow-calf systems sustainability transition processes under
an ecological intensification paradigm.
The scope for ecological intensification strategies to increase
production and ecosystem services

Strategies suggested to improve the cow-calf systems’ current
productive, economic, and environmental performance in the Pam-
pas and Campos regions differ greatly. Several authors have pro-
posed an intensification trajectory based on increasing inputs
through the replacement of native grasslands with improved pas-
tures and the increase in the amount of off-farm produced feed
(Kanter et al., 2016; Bilotto et al., 2019; López-González et al.
2020). Kanter et al. (2016) applied a participatory backcasting
approach to set productivity and environmental targets for the
Uruguayan beef sector and arrive at strategies to achieve these.
In their study, an increase in meat production from 102 to
128 kg ha�1 and a reduction in greenhouse gas emissions by 25%
was achieved by increasing the area of improved pastures from
15–30% to the detriment of native grasslands and by almost dou-
bling the use of external feed from 19 kg ha�1 to 37 kg ha�1. They
also proposed using nitrification inhibitors and tree plantations to
reduce greenhouse gas emissions. This intensification strategy will
likely result in biodiversity loss due to the loss of native grasslands
and their replacement by low-diversity sown plant communities.
The strategy is also likely to increase the vulnerability of produc-
tion systems since improved pastures have shown a decrease in
productivity over time (Carámbula, 1991) and low recovery ability
after drought events.

The external-input intensification proposal is not new to Uru-
guayan livestock farming. Since the 1960s, the substitution of
native grasslands by ‘‘more productive” species or the idea of ‘‘im-
proving” the native grasslands by overseeding species or fertilising
has been promoted by various actors (Moraes, 2001). Applying this
external-input intensification strategy to Uruguayan cow-calf
farms with poor control of the grazing intensity and timing of main
events in the production cycle (Type 1 and Type 2 farms) would
increase the risk of financial losses. The projected positive impact
on meat production by improved pastures and external feed is
likely to be lessened by extant overgrazing and poor herd manage-
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ment, resulting in increased production costs, more financial
dependency on off-farm loans, and low or no positive effects on
gross income.

Ecological intensification has been proposed to improve the
cow-calf system’s productive, economic and environmental perfor-
mance as an alternative to external-input intensification (Do
Carmo et al., 2016; Soca et al., 2007). This proposal is based on
improving the on-farm production, use, and conversion of forage
from the native grasslands into animal products. On-farm testing
of this proposal in Uruguay (Ruggia et al., 2021) showed that all
farms improved their productive, economic and environmental
performance over a period of 3 years compared to the baseline.
Improvements were observed in the economic indicators gross
margin (+55%), return to labour (+71%), and family income
(+53%). These changes were explained by the uptake of coherent
sets of ecological intensification practices causing changes in for-
age height, forage allowance, pregnancy rate, and weight of wean-
ing calf per mating cow, increasing meat production per hectare by
22%, achieving 122 kg ha�1.

Several studies (Soca et al., 2007; Do Carmo et al., 2019; Ruggia
et al., 2021) show that it is possible to increase meat production
per ha from the current 80 to 120 kg ha�1 by applying an ecological
intensification strategy without increasing inputs or replacing the
native grassland. However, the productivity ceiling associated with
the ecological intensification of cow-calf systems on native grass-
lands remains unclear. In long-term experiments on a regional
research station, meat production levels of 180 kg ha�1 were
achieved on native grassland with increased herbage allowance
(Do Carmo et al., 2018, Claramunt et al., 2017). Other experiments
in the region showed that forage production of native grassland
could be as high as 8 Mg DM ha�1 per year with a grazing intensity
that maintained a forage height between 6 and 12 cm (Rodríguez
Palma and Rodríguez, 2017). These results were achieved on soils
of medium depth and medium capacity to accumulate water, sim-
ilar to those found on an important proportion of cow-calf farms in
Uruguay (Molfino and Califra, 2001). These forage production
levels of 8 Mg DM ha�1 per year would improve the systems’ car-
rying capacity.

Besides increasing forage production and allowance, improving
animal biotypes to increase energy efficiency is another promising
strategy. Using animals with higher energy efficiency due to lower
energy requirements for maintenance is a goal that could be
achieved by crossbreeding between breeds or biotypes within the
most commonly used breeds, Hereford and Angus (Trujillo et al.,
2013). Criollo cattle’s role in achieving higher energy efficiency
should be further investigated (Armstrong et al., 2022). In addition
to selecting for lower maintenance requirements, animal grazing
preferences may differ. Animals that accept a greater dietary diver-
sity in heterogeneous environments will satisfy their intake needs
more easily than specialists (Do Carmo et al., 2021; Pauler et al.,
2020), resulting in greater forage utilisation efficiency.

The weight of calves at weaning at the farms that apply ecolog-
ical intensification techniques is about 180 kg, while the current
average is 140 kg (Ruggia et al., 2021). Knowledge of the grazing
behaviour of the cow-calf pair in response to changes in grazing
intensity is central to increasing the calves’ weight at weaning
(Claramunt et al., 2020). Other factors determining weaning
weight are concentrating births in August and September and
improving the cows’ milk production during the first three months
(Iewdiukow et al., 2020) by facilitating an adequate body condition
at calving and providing high forage allowance (Do Carmo et al.,
2021). In addition, providing preferential feeding to calves (creep
grazing) is a promising strategy. Creep grazing modules (Corriher
et al., 2007) either resulting from sward improvement of native
grasslands (5–6 cm with a high proportion of green leaves) or
native grasslands with Lotus spp. overseeding in a small area could
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be used to improve the energy intake of calves. Such management
would allow achieving a weaning weight of calves of around
220 kg at six months (Corriher et al., 2007).

Automated sensors and information technologies designed to
aid the real-time monitoring of the main system’s state variables
(forage height per paddock and animals’ BCS) and processes (for-
age growth rate, intake, and animal behaviour) are other promising
avenues to facilitate ecological intensification (Horn and Isselstein,
2022). For example, cameras monitoring the BCS of individual
cows could reduce labour demand. Using satellite images to esti-
mate current forage mass and to make predictions based on radia-
tion and soil moisture is another decision-supporting avenue.
Accelerometers, GPS, and other equipment can be invoked to mon-
itor the grazing activity of the cows and estimate the daily intake of
forage (Horn and Isselstein, 2022). These technologies require fur-
ther research and local evaluation by farmers. They should be part
of a research agenda to foster and facilitate the ecological intensi-
fication of cow-calf systems on native grasslands.

The ecological intensification process in cow-calf systems
should be based on adopting and properly integrating the strategic,
technical, and decision-supporting techniques described in this
paper. This challenge requires learning by farmers and other actors
(Dumont et al., 2020). Also, learning is pivotal to advancing pro-
ductive outcomes and ecosystem services provision of Type 3
farms.

The role of the conceptual model in supporting cow-calf systems’
ecological intensification transition processes

Cow-calf systems in native grasslands are complex adaptive
systems (CAS) characterised by many interacting components
(Lynam and Stafford Smith, 2004). Within CAS, farm sustainability
can only be achieved through adaptability and change (Darnhofer
et al., 2010). In these systems, human processes are as important
as ecological ones (Stuth and Maraschin, 2001). Lynam and
Stafford Smith (2004) describe the critical importance of mental
models in complex adaptive grassland systems. A mental model
is a person’s understanding of how the world works, which they
use to make sense of the world and interpret and evaluate their
actions. From this perspective, any action that seeks to help farm-
ers change the functioning of their production system must con-
tribute to evolve farmers’ mental models, which is achieved by
seeking to bring about learning (Briske et al., 2011).

Co-innovation is an appropriate way to promote learning pro-
cesses between farmers, technicians and researchers and a well-
tested framework for making knowledge actionable (Rossing
et al., 2021). From the co-innovation perspective, the farm is a
CAS in which analysis and design become a cycle of joint scientific
and farmer knowledge development (Dogliotti et al., 2014). This
cycle of analysis, design and evaluation of production systems fos-
ters the learning of the actors involved in the process (Dumont
et al., 2020; Rossing et al., 2021). Co-innovation has been imple-
mented to support farmers during processes of technical change,
enabling them to improve their farming systems’ productive, eco-
nomic and environmental performance (Dogliotti et al., 2014;
Ruggia et al., 2021).

The conceptual model formulated in this paper can be used in a
co-innovation approach as a boundary object (Klerkx et al., 2012)
to support learning. The conceptual model can be helpful as a guide
to cow-calf systems’ diagnosis and redesign. It can help diagnose
the farms’ functioning by focusing on key variables and their rela-
tions that explain the results. It allows a dialogue between the
farmer practices in the technical sub-system and ecophysiological
responses that are part of the biophysical sub-system, which
improves the diagnosis of the problems of the farms and their cau-
sal relationships. Simultaneously, it allows visualising conse-
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quences of redesign options’ effects on the state variables (e.g.
height and mass of forage and BCS). Therefore, the model can be
a tool to support the interactive redesign process between the
farmers and technical advisers and facilitate negotiation about sys-
tem changes in co-innovation processes. Accumulating experi-
ences from such processes will enrich the conceptual model
through new scientific knowledge and practical experiences aris-
ing from mutual learning between technicians, farmers and
researchers.

Conclusions

There is a wide gap between the current and attainable produc-
tive and environmental performances of most cow-calf farms in
the Campos grasslands. Ecological intensification could reduce this
sustainability gap as an alternative to the dominant strategy of
external-input intensification. The sustainability gap is a knowl-
edge gap, as demonstrated by farmers’ low application of strategic,
tactical and decision-support techniques, which results in poor
control of the main processes behind forage production and utilisa-
tion of energy by animals.

The conceptual model developed in this paper identifies and
classifies the main levers farmers have to control forage production
and animal energy utilisation and their relation to the farms’ pro-
ductive performance. Applying the model, we proposed three types
of farms according to their degree of control of these levers and
productive performance. These types represent different chal-
lenges for ecological intensification. The conceptual model is a tool
that may contribute to the ecological intensification of farms of all
types by aiding the interaction between farmers and extension
agents during the diagnosis and redesign of farms in the frame-
work of participatory transition processes.
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