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Abstract

Chile’s livestock industry faces growing demands for emissions reduction, animal welfare,
and value creation, while continuing to play a key role in rural food security and pasture-
based production systems. In light of Chile’s varied agroclimatic conditions, a diminishing
national herd, and shifting market signals, such as alternative proteins and distinctive meat
products, this narrative review explores four complementary transition pathways: sustain-
able intensification, organic and agroecological systems, heritage livestock, and regenera-
tive practices. We map the structural challenges, including grazing dairy and beef herds,
fragmented producer organization, and the absence of unified, farm-scale greenhouse-gas
measurements. We assess the management strategies that have the strongest support;
viz., efficiency gains at the animal/herd level, adaptive grazing and silvopastoral designs,
nutrient cycling via manure management and local by-products, and welfare frameworks
that are aligned with national law and World Organisation for Animal Health guidance.
Heritage systems (e.g., Chilota sheep breed in the Chiloé archipelago) provide resilience,
cultural identity, and low-input baselines for stepwise transitions. Regenerative procedures
can improve soil function and drought buffering but require context-specific designs and
credible outcome-based verification to avoid greenwashing. Key enabling policies include
coordinated certification and labeling covering animal welfare and origin. Additional
elements are cooperative and territorial governance, targeted R&D and extension services
for smallholders, and a transparent, standardized greenhouse-gas measurement framework
linking farm-level actions to national inventories. Chile’s pathway is not a single model but
a practical combination shaped by regional conditions that can deliver long-term economic
sustainability, ecosystem services, and nutrition.

Keywords: sustainable livestock; agroecology; regenerative agriculture; food sovereignty;
heritage breeds; pasture-based systems; animal welfare; Chilean livestock

1. Introduction
Animal-source foods such as beef and milk are essential for human nutrition, partic-

ularly given global population growth. Essential amino acids and micronutrients from
meat support immune, neurological, and hematological functions and are essential for
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vulnerable groups; therefore, reducing meat intake demands careful planning [1–3]. In
Chile, per capita beef consumption has remained stable at 22.1 kg per year, but annual
consumption of lamb, goat, and horsemeat averages only 900 g. Milk consumption has been
149 L per capita/year. Although global production of beef and milk have been forecasted
to increase by 9% and 17%, respectively [4], and the global demand for animal protein
has been projected to double by 2050 [5], the livestock population in Chile has declined.
Between agricultural surveys in 2007 and 2017, cattle numbers fell by one million [6], and
the trends among other ruminants was similar.

Meat imports have been a major cause of those decreases, e.g., in 2021, >90% of Chile’s
beef imports came from Paraguay, Brazil, and Argentina [7], as have climate-driven shifts
toward more profitable activities such as real estate, horticulture, and fruit production [8].
Exports sustain meat processing, and China has purchased 69% of exported Chilean beef,
mostly as whole carcasses, but national brands have supplied premium meats to high-value
markets [7].

Most imported milk products have been cheese, particularly from Argentina, the USA,
Germany, Mexico, and the Netherlands. On the other hand, most milk exports consist of
powdered milk shipped to Colombia and Brazil.

In Chile, the consumption of red meat has decreased, and projections suggest that,
by 2030, alternative proteins will reach 10% of the market, which will represent growth
from USD 2.2 billion to USD 150 billion [9,10]. In several regions, beef consumption is
expected to decrease as consumption of plant-based proteins increases because of health
and environmental reasons [11]. Insects have been investigated as a potential source of
food and feed [12], and the development of cultured meat has attracted >USD 3 billion
investment since 2019, with >170 companies involved. In Chile, moderate consumer interest
suggests the potential for early adoption if regulations and awareness improve [13].

The consumption of alternative proteins addresses environmental, ethical, and health
concerns but faces scaling and cost barriers [14]. Evidence has shown that well-managed,
pasture-based systems can align with sustainability, animal welfare, and nutritional goals
and provide carbon sequestration and ecosystem services [15,16]; however, economic and
political interests might bias research and policy on livestock sustainability, which makes
transparency essential for credible evaluations [17].

Plant-based proteins represent the most advanced segment in terms of market presence,
whereas insect-based proteins and cultivated meat remain at the experimental or early
regulatory stages [18]. Available evidence suggests that any medium- to long-term impacts
are more likely to affect highly industrialized livestock systems, rather than extensive,
pasture-based, heritage, or agroecological systems where animal production is closely
linked to territorial management, ecosystem services, and cultural identity.

At the same time, emerging dietary frameworks in high-income countries emphasize
the need to increase the availability of high-quality protein overall, rather than replacing
one protein source with another. For example, the Dietary Guidelines for Americans 2025–2030
introduce a renewed visual and conceptual emphasis on protein adequacy and food quality
within healthy dietary patterns [19]. In this context, alternative proteins—particularly plant-
based products—are better understood as complementary components within diversified
food systems rather than as direct substitutes for livestock-derived foods.

Moreover, interactions between livestock systems and alternative protein industries
should not be framed exclusively in terms of competition. Potential synergies include
circular economy approaches, such as the valorization of livestock by-products, shared
infrastructure, and diversified protein portfolios to meet growing nutritional demands.
Accordingly, references to alternative proteins in this review are intended to frame external
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pressures and emerging dynamics, rather than to predict specific market substitutions or
species-specific impacts in Chile.

Chile has shown strong potential for developing a livestock industry that is aligned
with global sustainability objectives. Primarily, production has been led by small- and
medium-scale farmers who have deep cultural roots and have used local breeds [20,21].
Livestock has contributed to food security in rural areas by providing essential proteins and
fats [22]. Most systems are pasture-based and are associated with grasslands and forests
that act as carbon sinks, although more research is needed [23]. Grass-fed meat delivers
higher nutritional quality than does feedlot meat because they have more healthful fatty
acid profiles [24–26]. Differentiated markets have been expanding, and the production of
organic meat and regenerative meat have been projected to reach USD 29.71 billion by 2029
and USD 3.83 billion by 2032, respectively, while the demand for natural meat in Asia has
been growing strongly [27,28]. Chile’s livestock sector can address these challenges by
transitioning toward sustainable models that integrate research, innovation, and knowledge
transfer, which will require coordinated efforts across multiple sectors.

The objective of this review was to examine pathways towards sustainable livestock
production in Chile, including alternatives that have been implemented by livestock produc-
ers in Chile, such as sustainable intensification, organic/agroecological systems, heritage
livestock, and regenerative practices. In addition, the review provides an integrated frame-
work to inform and discuss research, policy, and public debate on the future of livestock
sustainability in Chile.

2. Context and Challenges for Sustainable Livestock in Chile
2.1. Livestock, Climate, and Pasture Characterization in Chile

Chile has a wide range of climatic zones (Figure 1), which range from arid deserts
in the north and semi-arid conditions in the central regions to temperate, rainy zones in
the south and tundra-like climates in the far south [23]. Under those differing conditions,
livestock farming in Chile has been highly diverse and shaped by the country’s agroclimatic
conditions. In the arid northern macrozone, camelid livestock farming has been predom-
inantly associated with Indigenous communities. In the sub-arid north-central region,
goat farming has been primarily dedicated to dairy production. South of the Metropolitan
Region, cattle farming has predominated, e.g., >57% of national beef production and 92%
of milk production has come from between the humid Araucanía and Los Lagos regions,
mainly under grazing systems [7,29]. Farther south, in the much colder extreme south of
the country, in the Magallanes region, almost 90% of sheep farming has been carried out
under extensive production systems, primarily supplying the export market with frozen
sheep carcasses. Elsewhere in the southern macrozone, sheep farming has been mainly
oriented towards self-consumption, local markets, and traditional practices, with various
initiatives aimed at adding value through geographical indications such as Cordero Chilote
lamb from the Chilota sheep breed [30], which is a unique heritage breed.

2.2. Pathways for the Transition to Sustainable Livestock Systems

Although no agreed upon definition of sustainable livestock production has appeared
in the literature, it is commonly understood to be a system that integrates the economic
viability of producers with the conservation of the environment and the ecosystems in
which production occurs. Furthermore, sustainable livestock systems are resilient, which
allows producers and their families to maintain their livelihoods over time [31]. To achieve
sustainability, Chile has to transition from conventional livestock production to a system
based on sustainable principles, which will require changes in approaches and practices
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among producers and consumers, extending beyond farms to the broader community
and society.

Figure 1. (a) National livestock abundance in Chile by animal species and climatic macrozones.
Values correspond to total number of head. Animal symbols are used to visually represent each
livestock species [8]. (b) Distribution of forage crops and improved pastures by climatic macrozone
in Chile. Improved pastures exclude natural grasslands. (Natural grasslands are reported only at
the national level in the agricultural census). (c) Climatic macrozones of Chile (Chilean Agricultural
Census, 2021). Animal icons indicate livestock species that are relatively more important in each
macrozone, based on a location quotient (LQ), calculated as LQ = (species share in macrozone/total
livestock in macrozone) ÷ (species share at the national level/total national livestock). Species with
LQ > 1 were included as animal symbols. NA: Data not available.

A stepwise framework can guide the transition from conventional livestock produc-
tion to a sustainable model. The initial step involves bringing animal welfare practices
into alignment with existing legislation and obtaining relevant certifications that will
allow producers to explore business models that support the shift toward sustainable
livestock production.
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2.3. Animal Welfare in Chilean Livestock Systems

Animal welfare is the physical and mental state of animals and is influenced by the
conditions in which they live and die [32]. The Five Freedoms framework, which was
established in the 1960s, has remained a global reference that includes freedom from hunger
or thirst, discomfort, pain, disease, and fear or distress, and the freedom to express normal
behavior [33]. More recently, the Five Domains model has expanded that framework by
emphasizing an animal’s mental state and identifying both positive and negative experi-
ences [34]. In practice, good welfare requires health, comfort, adequate nutrition, veterinary
care, appropriate shelter, and humane handling and slaughter, and terms such as animal
care or husbandry refer to the practices that influence the animal overall [35]. In Chile,
consumer attitudes toward farm animal welfare have changed over time, as they have
elsewhere [31]. Consumers have been concerned about animal welfare and environmen-
tal impacts [36], and they have indicated that they would consider reducing their beef
consumption if livestock systems do not meet animal welfare standards [37].

In Chile, most livestock are pasture-raised, a high-quality market segment that adds
value through reduced environmental impact and enhanced animal welfare [38]. The tran-
sition to sustainable livestock production will require animal welfare to be a core principle
that ensures that ethical standards are met and must align with national regulations and
international recommendations [39]. Since 2009, Chile has developed several regulations
that address animal welfare in various livestock production activities. For example, the
Animal Protection Act No. 20,380 established the legal framework for animal welfare
within livestock systems, which has been complemented by three regulations—Decrees No.
28, 29, and 30—that govern animal slaughter, industrial production, marketing, and animal
transport. Those regulations were developed to align with the guidelines outlined in Title 7
on Animal Welfare of the Terrestrial Animal Health Code by the World Organization for
Animal Health [35].

Key requirements of Law 20.380 include prohibiting the permanent tethering of an-
imals, except temporarily for health or welfare reasons, and maintaining group housing
to respect their natural social behavior. In addition, farm owners, managers, and workers
should receive formal training in animal welfare and protection, which helps to ensure the
implementation of best practices across production systems. Those considerations should
extend beyond livestock to include working and companion animals, which are regulated
under separate legislation (Chilean Law 21,020).

The incorporation of animal welfare indicators is a challenge for transforming livestock
systems to be sustainable. In this regard, some companies, primarily those involved in milk,
pork, and poultry production, have voluntarily certified their processes in animal welfare,
which have ranged from auditing production practices to displaying animal welfare labels
on commercial products. Examples include internationally and locally recognized labels
such as “Certified Humane” “https://certifiedhumane.org/ (accessed on 2 October 2025)”,
“Welfair® “https://www.animalwelfair.com/ (accessed on 2 October 2025)”, and “Welf
Cert® “https://fst.cl/categoria-servicios/certificacion-bienestar-animal (accessed on 2
October 2025)”.

Animal welfare concerns extend to urban and peri-urban areas, where abandoned
companion animals can form feral populations that pose threats to livestock, wildlife, and
public safety. In particular, feral dog packs pose an economic risk and an animal welfare
issue because they often inflict severe injuries on livestock and native fauna [40,41]. Several
studies have documented the negative impacts of free-ranging dog packs and identified
them as the leading cause of livestock losses on farms in Chile [40,42]. Packs of feral dogs
are the main predators of wild camelids in Chile and, for domestic and wild animals,
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injuries from dog attacks have often caused very poor welfare to the animal attacked or
even its death [41,43].

Free-ranging dogs should be regarded as a pressing environmental justice concern
in the arena of public debates and policy-making processes. In Chile, livestock producers
cannot directly control those animals, although legislative discussions have been ongoing.
Dog activists strongly resist plans to kill feral or housed dogs that kill livestock, wildlife
or other pets. Sterilization of a high proportion of such dogs can reduce but will not solve
welfare and conservation problems. Although individuals are not responsible for the actions
of wild animals (unless they are caused by human actions), they are wholly responsible for
the actions of owned dogs and their offspring [44]. In sum, integrating animal welfare into
livestock systems is an ethical imperative and a fundamental requirement for achieving
truly sustainable and socially accepted animal production.

3. Models and Strategies for Achieving Sustainable Livestock Production
3.1. Sustainable Intensification of Livestock Production

In the current discourse on food system transformation, sustainable intensification
(SI) is widely acknowledged as an important goal, especially in light of the pressures of
population growth, climate change, and rising natural resource demand [45]. SI was first
defined as creating “more with less,” but it has since expanded to include more general
goals like lessening the effects on the environment, protecting biodiversity, and enhancing
the standard of living for food producers [46,47]. SI encourages a more comprehensive
and adaptable approach, in contrast to conventional intensification, which has frequently
placed yield maximization at the expense of ecosystem health. This strategy offers a more
balanced route for agricultural development by taking into consideration ecological limits,
cultural contexts, and financial constraints [48].

In livestock systems, particularly those that involve ruminants, SI is especially relevant
because ruminants can convert fibrous biomass into high-quality animal protein and
essential nutrients, even in marginal areas that are unsuitable for crop production [49]. Well-
managed grazing systems contribute to ecosystem services such as carbon sequestration,
fire prevention, nutrient cycling, and landscape biodiversity [50,51]. Furthermore, in
countries like Chile, where extensive pasture-based systems predominate in livestock
production, SI can be a viable strategy to reconcile productivity goals with environmental
stewardship and socio-territorial equity [52,53].

The challenge, however, lies in putting sustainable intensification into practice in
ways that are flexible and adapted to local realities, rather than following rigid or overly
technical approaches. SI should be seen as a guiding goal and not as a rigid method [46]. SI
can be adapted to work across ecological zones and production models, from high-tech
dairy operations to community-based grazing systems, and integrate other principles into
a coherent framework that can scale sustainability transitions. The dimensions for SI in
Chile are as follows:

(a) Efficiency at the animal and herd levels

Improving productivity per animal is a foundational component of SI in ruminant
systems. Key strategies include enhancing feed conversion efficiency, reducing perinatal
and disease-related mortality, and optimizing reproductive performance. Those practices
reduce the number of animals needed to meet production targets, which reduces the
emission intensity per kilogram of meat or milk produced [49,51].

In addition, genetic selection should prioritize both yield-related traits and resistance
to endemic diseases, heat tolerance, and the ability to thrive on local forage resources,
which is particularly valuable in low-input or climate-exposed systems [54]. In Chile, such
approaches have been included in some initiatives, where attention to animal welfare

https://doi.org/10.3390/su18031626

https://doi.org/10.3390/su18031626


Sustainability 2026, 18, 1626 7 of 23

and biological performance go hand in hand with ecological goals. These approaches are
discussed in depth elsewhere in this review.

(b) Sustainable management of forage and landscapes

Forage quality and availability are limiting factors in many pasture-based systems.
Sustainable intensification requires an increase in biomass productivity and improve-
ments in the resilience and ecological function of grazing lands. Rotational grazing, rest
periods, the inclusion of nitrogen-fixing legumes, and the adoption of silvopastoral sys-
tems can enhance soil structure, increase water retention, and boost long-term forage
production [50,55]. In addition, these practices have co-benefits for biodiversity, especially
if tree cover and native species are preserved.

In southern Chile, pasture degradation caused by overgrazing and a lack of manage-
ment planning has been a persistent challenge [56]. Sustainable intensification strategies
that are adapted to these landscapes can be implemented without large capital investments,
which makes them suitable for smallholders and heritage systems alike.

Evidence from the Los Ríos region underscores the importance of adapting forage
species in response to climatic stress. To identify species best suited to stressful climatic
conditions, research conducted at the Institute of Agricultural Research (INIA) between 2010
and 2013 compared Lolium perenne (the most commonly used forage species in southern
Chile) and more drought-tolerant alternatives such as Festuca arundinacea and Dactylis
glomerata [57]. These alternatives exhibited higher yields, better heat and water stress
tolerance, and greater persistence than did L. perenne. Research carried out on livestock
farms in various localities in the region has investigated the effects of adjusting seeding
densities and leaf-stage grazing criteria (e.g., 2–4 leaves per tiller), which has helped to
identify practical guidelines for optimizing forage utilization and resilience under changing
climatic conditions. The results from this region have reinforced the need for integrating
species selection, grazing management, and farmer education in the development of
sustainable forage-livestock systems.

(c) Nutrient recycling and the transition to a circular system

The integration of livestock systems into broader territorial cycles is critical for re-
ducing external input dependence and minimizing environmental impacts. SI promotes
the efficient use of agro-industrial by-products such as fruit pomace, brewery waste, and
vegetable trimmings, which can serve as alternative feed resources [58]. If properly formu-
lated, these by-products can reduce feed costs, diversify animal diets, and reduce methane
emissions by increasing digestibility [51]. In addition, composting manure and reapplying
it as a soil amendment helps restore organic matter and improve soil fertility in degraded
areas [50].

Recent research has confirmed the importance of efficient nutrient management within
agricultural systems. Studies on nitrogen management in potato–oat rotations in south-
ern Chile have demonstrated that adjusting nitrogen fertilization rates can significantly
reduce nitrous oxide (N2O) emissions without compromising crop yields, which promote
environmental sustainability and economic viability [59]. Similarly, field trials involving
legume–grass mixtures, including species such as Lotus corniculatus, have shown that
these mixtures can enhance soil nitrogen content through biological fixation, which re-
duces the need for synthetic fertilizers and lowers greenhouse gas emissions from grazing
systems [60]. Further innovation is seen in the use of nanofertilizers, which have been
investigated by INIA in Chile as a means of improving the efficiency of nitrogen use
in grasslands. These advanced formulations reduce nitrogen losses through leaching or
volatilization, which provides a more controlled nutrient supply to plants [32].
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The inclusion of brewer’s spent grain (BSG) in ruminant diets is an example of nutrient
recycling under circular economy principles. A study in Chilean Patagonia found that
substituting 20% of alfalfa hay with BSG in winter increased daily weight gain in steers
by 0.2 kg day−1, reduced the daily cost of feed by 16%, and provided a productive use
for a local agro-industrial waste product [61]. These results illustrate the potential of
locally sourced by-products to improve animal performance, reduce feeding costs, and
enhance circularity in livestock production. In addition, comprehensive datasets such as the
DATAMAN global database provide emission factors for the nitrous oxide and ammonia
that is associated with manure management, which has provided more accurate inventories
and informed decision-making to optimize nutrient cycling and reduce greenhouse gas
emissions [62].

(d) Innovation and technology

Often, technological innovation has been viewed as a key driver of intensification, yet
its potential role in sustainable livestock transitions remains underutilized, especially in
small- and medium-scale systems. In the context of SI, technology can contribute to better
resource management, the early detection of animal health issues, and the improvement of
decision-making through real-time data collection and analysis [48].

Although its application is still uneven, precision livestock farming equipment has
been included into pasture-based systems in Chile. These tools include GPS collars for
rotational grazing, automated weighing systems, body condition score software, and ther-
mographic cameras for early detection of mastitis or metabolic stress [63]. Additionally,
robotic milking systems improve herd management by continuously monitoring the milk
supply, animal health, and behavior [64]. Robotic technology has been used in pasture-
based dairies in southern Chile despite its original design for restricted settings. This adap-
tation has brought to light opportunities including increased labor productivity and animal
welfare, as well as difficulties with data administration, grazing design, and investment
costs [52]. When producers access these technologies through cooperatives or extension
programs, they gain practical tools to better monitor grazing pressure, nutritional balance,
and animal welfare [48,65]. An illustrative case is the Regenerative Livestock Center in
Pirque (Central Chile), which was established with support from several foundations. It has
operated as a living laboratory in which grazing plans have been co-designed with farmers
and technicians, and has combined remote sensing, satellite-based forage monitoring, and
participatory workshops to adapt management practices to local conditions [65].

Another example is the use of Near Infrared Spectroscopy (NIRS) for assessments
of forage and meat quality, which has been piloted in the southern macrozone as part
of INIA-led research. This technology allows for the rapid evaluation of nutritional pa-
rameters in fresh or preserved forage, which can contribute to improvements in diet
formulation and pasture evaluation [66]. Similarly, on-farm digital traceability systems,
such as those that have been developed for value-differentiated meat chains, e.g., the
CL-P collective brand, have enabled smallholders to access premium markets that require
transparency in origin, feeding practices, and welfare standards [52]. Note, however, that
technology can only support sustainable intensification effectively if it is developed and
applied in collaboration with farmers and tailored to local circumstances. Digital tools
should complement, not substitute, the practical knowledge of farmers, and their value
lies in being used collaboratively to create strategies that incorporate local ecosystems and
cultural realities.

Chile’s experience has shown that innovation hubs and learning networks can act
as bridges between science, farmers, and institutions. In addition, scaling technological
solutions in SI will require institutional coordination. Public agencies such as INDAP (a
state institution that supports small farmers), SAG (Chile’s agricultural authority), and
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regional governments (GORE), play a critical role in financing, disseminating, and adapting
technologies to diverse production systems and regional contexts. Without such support,
there is a risk that technological intensification might benefit well-capitalized operations
only, which would perpetuate existing asymmetries in the livestock industry [67].

(e) Territorial integration and institutional support

Beyond farm-level interventions, SI must be territorially embedded, i.e., a recognition
of the interdependence between livestock systems, local economies, social networks, and
governance structures. Strengthening cooperatives, creating value-added chains, and
scaling up participatory certification schemes such as the Chile Livestock Product (CL-
P) brand, a collective label for pasture-based beef that has met recognized nutritional
and welfare standards, or the Cordero Chilote Geographical Indication are essential for
translating productivity gains into social value [52,53].

In addition, institutional coordination is required. Policy frameworks should support
producers who adopt SI practices through differentiated incentives, technical assistance,
and investment in local infrastructure. Chile’s experience with peasant-oriented programs
such as INDAP or the Globally Important Agricultural Heritage Systems (GIAHS) Net-
works provide an institutional background that can be reoriented or enhanced to support
the adoption of SI principles in a culturally and ecologically relevant way.

The Chile Origen Consciente (ChOC), a program led by the Office of Agricultural
Studies and Policies (ODEPA) with the support of the Inter-American Institute for Cooper-
ation on Agriculture (IICA), has become a flagship initiative for promoting sustainability in
Chile’s agro-food sector. The program awards a sustainability certification for products that
meet high environmental, social, and economic standards, and supports producers through
a self-assessment platform (Sustainability Map) that provides them with the resources to
monitor and improve their sustainability performance.

Similarly, the Consorcio Lechero, a national collective for dairy farmers, has developed
the First National Sustainability Standard for Dairy Farms in Chile, which is a voluntary
tool that has been designed to guide dairy producers toward sustainable practices. The
standard encompasses 156 actions within 10 thematic areas including water management,
soil health, biodiversity, animal welfare, and greenhouse gas emissions. Producers can
evaluate their performance, implement improvements, and achieve certification at basic,
intermediate, or advanced levels. As of 2024, more than 135 dairy farms have been certified
under this standard, which reflects the sector’s commitment to sustainability. In addition,
the standard provides access to technical resources, training, and a digital self-assessment
platform [68].

FEDECARNE, the national federation of beef cattle producers in Chile, in partnership
with ODEPA and IICA, has developed sustainability guidelines for the beef sector that em-
phasize responsible grazing, animal welfare, and efficient nutrient management. Producers
receive technical assistance and access to sustainability assessment tools, increasing their
capacity to meet market demand for sustainable beef products.

Despite the importance of cooperatives and producer organizations in Chile, the
livestock sector has remained highly traditional, fragmented, and aging, particularly among
small-scale farmers, who have had limited success in cooperative business models. With
few exceptions, such as Colun, Chile’s first producer of milk and dairy products, most
cooperative initiatives have struggled to achieve commercial viability; however, this trend
has begun to shift because new cooperatives have emerged that have strengthened the
economic sustainability of the sector. In Chile, recent examples include Ganacoop, which
holds the collective brand CL-P for grass-fed and free-range meats, and Coopcarne, a
livestock cooperative in southern Chile that has successfully launched its own meat brand,
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“Carnes de Los Ríos,” achieving vertical integration and promoting locally sourced, pasture-
raised beef with added value.

Those initiatives have demonstrated the importance of a coordinated approach to
sustainability in livestock systems. By integrating technical support, certification schemes,
and value-added branding, they ensure that sustainable practices are recognized and
rewarded, which creates incentives for producers to adopt more responsible production
methods. Furthermore, they provide a model of how public and private institutions can
collaborate to support sustainability at a territorial scale.

(f) Social inclusiveness, generational renewal, and technology adoption

Organizational fragmentation and the aging of producers constitute the most directly
observable social bottlenecks in Chilean livestock systems. Although the analytical focus
of this review is primarily product-territorial, the combination of the transition pathways
discussed here should also consider key social dimensions, in line with the cutting-edge ori-
entation toward social inclusiveness in contemporary sustainable agriculture, as structural
opportunities to advance inclusion.

In particular, context-appropriate technological innovation can reduce adoption bar-
riers among smallholders if tools are designed to be accessible to older users and are
supported by hybrid extension models that combine digital and in-person assistance. Like-
wise, heritage and value-differentiated systems can enhance the visibility and economic
recognition of women’s roles in livestock production, on-farm processing, and knowledge
transmission [69]. Finally, linking sustainable livestock practices with innovation, en-
trepreneurship, and territorial identity may improve the attractiveness of rural livelihoods
for younger generations and support generational renewal [70].

Although these dimensions are not analyzed in depth in this paper, making their
interaction with product-territorial strategies explicit is essential to avoid interpreting
sustainability transitions as purely technical or environmental processes and to ensure that
they do not inadvertently reinforce existing social inequalities.

(g) Current challenges

Although sustainable intensification is an attractive concept, it has faced criticism
because it has lacked a clear definition and is at risk of being misused. Some environmental
organizations have warned that the term might be exploited to legitimize intensive, high-
input livestock systems by labeling them “sustainable” [46,47]. Others have pointed out
that, without clear guidelines and monitoring, SI might reinforce existing inequalities in
access to resources and technology.

One way forward is to disaggregate SI into complementary intensification logics [71],
i.e., genetic, ecological, and market intensification, which would help clarify the diverse
means through which sustainable intensification can be achieved. Importantly, it allows for
the inclusion of agroecological and heritage strategies that do not rely on capital-intensive
inputs but rather on knowledge, biodiversity, and territorial rootedness. Implementing
SI in livestock systems requires robust metrics that go beyond productivity and emis-
sions. To avoid greenwashing and guide genuine transformation, indicators of animal
welfare, ecosystem function, carbon balance, social equity, and cultural resilience must be
incorporated into monitoring systems [51].

One of the most urgent and complex challenges has been the transition to carbon
neutrality, as defined by Chile’s Climate Change Framework Law (Law 21.455), which
mandates net-zero emissions by 2050. The livestock sector must implement quantifiable
mitigation strategies at the farm level that account for on-farm (intrapredial) and supply
chain (extrapredial) emissions, including those from manure management systems, enteric
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fermentation, fertilization, crop residue, urine and dung that is deposited directly on
pastures by grazing animals, food importation, feed transport, soil use, etc.

To achieve this, the development of a national tool that enables farmers to estimate
GHG emissions accurately and consistently is essential. Although >80 farm-level GHG
estimation tools have been made available worldwide [72], they have often produced
inconsistent results for the same farm or dataset, which has posed a challenge for countries
that have aimed to establish a standardized national inventory framework. For instance, a
study in the United Kingdom reported that the estimated total GHG emissions on a single
farm differed substantially among the tools evaluated [72].

The Chilean Agricultural Research Institute (INIA) has been developing a standardized
tool for quantifying farm-level GHG emissions in beef and dairy production systems
that is based on a unified methodological framework designed to ensure comparability
and transparency among farms. A preliminary version [73] has been tested on pilot
farms, and INIA has been working toward releasing a free, open-access version for use
by farmers nationwide. The tool considers a Scope 1 boundary, encompassing the main
emission sources reported in the National Greenhouse Gas Inventory for the Agriculture
sector [74], enteric fermentation, manure management, agricultural soils, field burning
of agricultural residues, and the application of urea and lime. In addition, fossil fuel
consumption associated with on-farm activities is included.

The tool was developed in accordance with the 2006 IPCC Guidelines for National
Greenhouse Gas Inventories [75], applying a Tier 2 approach for the estimation of emissions
from enteric fermentation, manure management, and synthetic nitrogen fertilization (urea).
In this case, the country-specific emission factor developed by Chile for N2O emissions
from synthetic fertilization (0.25%) is used, which is substantially lower than the default
value of 1% proposed by the IPCC (2006) and reaffirmed in the 2019 Refinement [76]. For
the remaining categories, a Tier 1 approach was applied, using the default emission factors
reported by the [75].

Carbon sequestration in the forestry sector is estimated following the methodological
framework of the Chilean National Greenhouse Gas Inventory for the Land Use, Land-Use
Change, and Forestry sector (LULUCF), based on the IPCC (2006) Guidelines [75]. This
approach is based on the estimation of annual changes in carbon stocks, calculated as the
balance between annual carbon gains and losses. Carbon gains are primarily associated
with annual forest growth, whereas carbon losses result from harvesting, pruning, and
other silvicultural activities.

The tool was validated by the technical teams of the National Greenhouse Gas Inven-
tory for both the Agriculture and LULUCF sectors and was subsequently subjected to an
international review by consultants with expertise in GHG inventories.

Currently, INIA is implementing a project in collaboration with public and private
stakeholders to develop an open-access tool for dairy and beef producers. This tool will
enable the estimation of farm-level carbon balances using the IPCC (2019) Guidelines [76],
in alignment with the requirements of the GHG Protocol. The tool is expected to be available
by 2028 and will represent the first national initiative to harmonize the quantification of
carbon emissions and sequestration in Chilean livestock systems.

Although dietary strategies for livestock, such as improved forage quality and con-
centrate supplementation, can reduce methane intensity (g CH4/kg product), absolute
emissions often increase with intensification. However, research has begun into developing
methanogenesis inhibitors such as 3-NOP and Asparagopsis spp. [77], which have shown
promise but have faced cost, regulation, and acceptability barriers that could prevent
widespread adoption. Most of these studies have been conducted in dairy cattle; however,
since 2024, Chile has initiated efforts to reduce GHG emissions in beef production systems
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through circular economy approaches. Within this framework, grape marc, a by-product of
the wine industry that presents environmental and economic challenges, has emerged as a
potential feed supplement. The residue contains secondary compounds that can reduce
methane emissions [78] from enteric fermentation and nitrous oxide emissions from urine.
In 2025, INIA carried out an experiment with Angus heifers under grazing conditions that
was the first to measure methane emissions in beef production systems that had incorpo-
rated grape marc as a mitigation strategy within a circular economy framework. Achieving
carbon neutrality will require locally adapted, multisectoral approaches that integrate GHG
accounting, biodiversity protection, social equity, and innovation.

3.2. Organic and Agroecological Livestock Farming

Organic agriculture and agroecology are converging approaches to sustainable pro-
duction that propose agricultural systems that preserve the ecological, social, and economic
integrity of the rural environment. According to the FAO (2018) [79], organic systems pro-
mote agroecosystem health, biodiversity, biological cycles, and soil activity, and minimize
the use of synthetic inputs. In livestock farming, this requires a comprehensive approach
that includes food production, animal welfare, social equity, and system resilience [80]. In
addition to ensuring animal welfare and soil health, these systems contribute to mitigat-
ing climate change. Recent studies have shown that, on average, organic farms capture
1082 kg CO2 ha−1 year−1 because of the use of organic amendments and the absence of syn-
thetic nitrogen fertilizers, which significantly reduces nitrous oxide (N2O) emissions [81].
Furthermore, biodiversity on organic farms tends to be higher than it is in conventional
systems. Research in Europe has shown that organic farms had 34% more flora and fauna
species than did conventional farms, especially wild birds and pollinating insects [82]. This
biological richness is fostered by the use of native pastures, hedgerows, and the exclusion
of pesticides, which strengthens ecosystem services such as biological pest control.

Agroecology has evolved into a sociopolitical paradigm that is aimed at transforming
food systems. Several agroecological principles have been identified that are applicable to
livestock farming, such as diversity, efficiency, resilience, recycling, knowledge co-creation,
and social justice [83,84]. Agroecological silvopastoral systems enhance water retention and
nutrient cycling. The integration of trees and legumes into grasslands facilitates nitrogen
fixation, mitigates soil erosion, and improves soil water-holding capacity, which increases
resilience to drought [85].

3.2.1. Organic Livestock

Chile has a consolidated regulatory framework for organic livestock production.
Law No. 20,089 and Supreme Decree No. 2/2016 established the National Certification
System for Organic Agricultural Products, administered by the Agricultural and Livestock
Service (SAG), which recognizes the terms “organic,” “ecological,” and “biological” as
equivalents (SAG, n.d.; European External Action Service, 2022 [86]). The certification of
organic livestock products in Chile remains limited. Very few certification bodies have been
registered in Chile for organic products, of which only one (ECOCERT Chile) is accredited
for livestock products (SAG, n.d.)

Organic production requires management that prioritizes animal health and well-being
and promotes access to pastures, natural behaviors, and feeds based on local products. Pre-
ventive antibiotics and growth promoters are prohibited and alternative/complementary
treatments to allopathic medicine such as phytotherapy are favored [87]. Although these
systems can reduce chronic diseases, they face challenges in controlling acute diseases [88].
The selection of rustic breeds adapted to the environment is essential, and the use of local
or rustic breeds suitable for extensive systems is favored. Converting to these practices
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entails significant changes in farm management, e.g., pasture rotation, preventive health
monitoring, and productive diversification [67].

The use of bioinputs in organic production (e.g., biofertilizers, biopesticides, and
probiotics) aligns with agroecological principles and strengthens productive autonomy.
Produced locally, they reduce dependence on external inputs [83]. In livestock farming in
Chile, examples include the use of bacteriophages for mastitis [89] and entomopathogenic
fungi or the subterranean pest caused by the caterpillar Dalaca pallens [90]. Furthermore,
bioinputs act as a bridge between certified systems and non-certified agroecological ap-
proaches, which improves ecological performance without compromising food safety or
traceability [91], especially in regions where formal certification is difficult to implement.

3.2.2. Agroecological Livestock

Organic certification emphasizes regulatory compliance, but agroecology seeks a more
thorough transformation of the food system, including gender equality, food sovereignty,
and intergenerational justice. Not all organic systems are agroecological and not all agroe-
cological systems are organic (certified), but there is significant overlap [92]. In Chile, most
agroecological producers engage in extensive livestock farming without formal certification.
This is largely due to high certification costs, stringent requirements, the lack of schemes
tailored to extensive systems, and limited awareness of existing mechanisms. The integra-
tion of both models through participatory certification or transition schemes can expand
the reach and impact of sustainable livestock farming [93].

3.3. Heritage Livestock Farming

Heritage livestock farming encompasses production systems that preserve ancestral
practices, local breeds, and peasant and indigenous ways of life that have been developed
with consideration of the environment. These systems are essential for the resilience of
rural communities in diverse, often marginal, regions [94], and their value is more than
economic because they fulfill fundamental ecological, social, and cultural functions.

The principles of heritage livestock farming largely coincide with those of sustain-
ability, e.g., use of hardy breeds, low dependence on external inputs, integration with the
landscape, and transmission of local knowledge; however, it faces challenges such as the
aging of producers, land loss, and generational disconnection [95]. From a technical per-
spective, these systems offer a solid foundation for moving toward sustainability. Animal
hardiness, pastoral resilience, and farm multifunctionality facilitate a gradual and low-cost
transition. For example, on Chiloé Island, Chilota sheep, unlike other breeds, have shown
higher resistance to food scarcity and disease, rusticity, and high cultural and sensory value
for its products [20,96]. The valorization of heritage livestock can be enhanced through
participatory certifications, rural tourism, short marketing circuits, and locally based sci-
ence projects that recognize the active role of communities in the conservation of livestock
heritage [97,98].

In Chile, heritage livestock farming occurs in regions such as Chiloé, the Nahuelbuta
mountain range, and the northern Andes, where communities have historically developed
strong cultural and productive relationships with cattle, sheep, camelids, goats, and horses.
This has contributed to a biocultural heritage that has not been sufficiently recognized in
public policy [99,100]. Since 2011, the Chiloé Archipelago has been recognized as a GIAHS,
which is a FAO-led program that identifies agricultural systems that combine biodiversity,
ecological resilience, traditional knowledge, and cultural landscapes [101]. Although most
of the focus has been on agriculture, the Chiloé GIAHS system has been distinguished
by the conservation of native breeds, such as the Chilota sheep, and by the integration
of livestock farming with native forests and traditional agroforestry. In addition, GIAHS
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are initiatives that identify and value systems such as Pehuenche transhumance (seasonal
livestock movements practiced by the Pehuenche, an Indigenous group from the southern
Andes that has traditionally been linked to Araucaria forests), camelid livestock systems in
the Altiplano, and the integration of livestock farming with sclerophyllous forests [102].

In addition, instruments such as origin certifications have begun to include traditional
livestock farming as part of the rural cultural and economic heritage [103–105]. Chile has
made progress in the creation of origin labels and in private and participatory certifications.
Examples include the Geographical Indication for “Cordero Chilote”, the brand “ÓVEJAK”,
the INDAP “Manos Campesinas” (hands of family farmers) seal, and pilot projects in
regenerative certification and fair trade. These instruments still have limited institutional
coordination, however, and limited presence in mass marketing channels [104]. These
certifications and registries have contributed to adding value to products that are part
of the productive heritage of the regions where they originate. By officially recognizing
their historical and traditional roots, they help differentiate these goods in the market,
strengthen local identity, and support rural economies. Such products are seen not only as
commodities but as carriers of cultural meaning and longstanding agricultural practices.

Heritage systems are notable for their ecological multifunctionality. Various studies
have shown that traditional practices such as seasonal rotation, the use of local breeds,
and the integration of crops and livestock favor carbon sequestration and biodiversity
conservation in agroecosystems [106]. The coexistence of grasslands, trees, and vegetation
mosaics generates valuable habitats for birds, pollinators, and soil microorganisms. For
example, in the Chiloé archipelago, traditional crop rotation and extensive livestock farming
integrated with natural grasslands contributes to soil fertility, carbon sequestration, and
natural pest control [107]. The combination of agrobiodiversity, local knowledge, and
minimal chemical intervention has promoted high resilience to environmental disturbances.
Another example is sustainable camelid livestock farming in the highlands (recognized
by the GIAHS Network), which involves regulation of stocking rates based on seasonal
forage availability, and wetland conservation (e.g., bofedales), which are key ecosystems
for carbon sequestration and water regulation [102]. Pehuenche transhumance maintains
rotational land use that prevents overgrazing and protects sensitive watersheds.

3.4. Regenerative Livestock Practices

The term “regenerative agriculture” was coined in the early 1980s by the Rodale Insti-
tute [108], but there has been no universally accepted definition of regenerative livestock
practices. Instead, the latter encompasses a variety of practices that aim to restore soil
health, enhance ecosystem function, and reduce the environmental impacts of animal
production systems. Although interpretations have differed among regions and organiza-
tions, typically, regenerative livestock farming has emphasized practices that go beyond
sustainability and include active improvement of the ecological and social conditions of
the farm. Common principles include adaptive grazing management, soil cover preser-
vation, the promotion of biodiversity, and minimal reliance on synthetic inputs. In this
way, regenerative livestock farming aims to conserve agricultural ecosystems and actively
improve them through planned grazing and the restoration of key ecological processes.
Unlike purely conservationist approaches, regeneration seeks to restore soil functionality,
increase water infiltration and retention, improve soil and aboveground biodiversity, and
strengthen biogeochemical cycles [109,110]. Its principles include permanent vegetation
cover, efficient nutrient recycling, the integration of livestock as an ecological tool, and min-
imization of tillage and external inputs [111]. Producers shift their focus from individual
performance to managing processes at the landscape level, which strengthens resilience to
climate change [112].
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Approaches to regenerative livestock farming include various methods such as Holistic
Management, developed by Allan Savory, which promotes adaptive decisions that include
ecological, social, and economic variables. It involves intensive grazing over short periods,
followed by long rest periods that regenerate the soil [113]. Another well-known method
is Voisin Rational Grazing (VRG), formulated by André Voisin, which is based on four
laws that regulate grazing and rest periods. It aims to maximize photosynthesis and
forage regrowth, with high efficiency and without degradation [114]. In addition, a more
flexible approach has been developed, combining elements of Holistic Management and
VRG. This approach typically includes high stocking rates over short periods, long rest
periods, frequent rotations, and monitoring of soil indicators. Recent studies have shown
that regenerative practices improve soil health and increase microbial biomass, water
infiltration, and organic matter content [115].

Regenerative livestock systems have contributed to the sustainability of livestock
farming activities worldwide and, although regenerative practices are commonly applied
in some countries such as Australia and the USA, they have not become common in others,
where awareness, research, and institutional support have been limited. Some Latin Ameri-
can countries, such as Uruguay, Brazil, Colombia, and Mexico, have made progress in the
scientific validation and institutional adoption of these models. In Chile, pilot studies have
reported improvements in forage regeneration and increased soil cover, water retention
capacity, and enhanced carbon sequestration within just a few years [65]. Productively,
regenerative systems tend to stabilize production and reduce costs by reducing the use
of inputs and, although they require gradual learning, they have demonstrated increased
resilience to drought, fire, and price fluctuations [116]. It should be noted that, in Chile,
quantitative data on soil carbon sequestration and soil health outcomes under regenerative
livestock systems remain limited, heterogeneous, and strongly dependent on soil type,
climatic conditions, baseline management, and the duration of implementation. Most
available evidence derives from short- to medium-term pilot studies and on-farm trials,
which report directional improvements in soil cover, infiltration capacity, forage recovery,
and indicators of soil biological activity, rather than standardized percentage changes in
soil organic carbon stocks.

Given this context, reporting isolated quantitative metrics may risk conveying a false
sense of robustness or comparability across systems. As a result, the evidence presented
here emphasizes qualitative trends and process-level responses observed in Chilean case
studies, while acknowledging that longer-term monitoring and standardized measurement
frameworks are still required to generate comparable, nationally representative datasets.
International studies provide quantitative benchmarks for regenerative practices; however,
their direct extrapolation to Chilean conditions would be inappropriate.

In addition, INIA Chile has supported projects that have investigated value-added
strategies for regenerative beef cattle farming in the southern macro-region; however,
results have indicated that regenerative grazing systems, such as the modified Voisin Ratio-
nal Grazing (PRVm), might not always be superior to continuous grazing with stocking
adjustment [117]. Specifically, the PRVm showed greater reductions in vegetation cover
in some areas and lower forage production in certain conditions than did continuous
grazing. These findings emphasize the importance of carefully adapting regenerative prac-
tices to the local conditions to ensure their effectiveness. Organizations such as the NGO
Regenerativa (https://www.regenerativa.cl/ accessed on 2 October 2025) and Efecto Man-
ada (https://efectomanada.cl/ accessed on 2 October 2025) promote learning networks,
participatory monitoring, and training.

Chile has not established a specific official standard or seal for regenerative livestock
farming. Internationally, notable examples include Land to Market™ and Regenerative
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Organic Certified® (ROC), which combine metrics associated with soil health, animal wel-
fare, and social justice (Savory Institute, 2023 [118]). One of the main risks is the superficial
appropriation of the concept by companies that engage in greenwashing. Therefore, it is
important to move toward schemes that are based on standards and measurable results
such as biodiversity, soil carbon, and hydrological functionality [119]. To prevent this
model from becoming restricted to niche markets, it is important to build alliances among
science, public policy, and social movements. Its potential lies in scaling up as a national
strategy for resilient and restorative livestock production. Some beef producers founded
the Chilean Association of Regenerative Livestock Producers (ACHIGANAR) and have
begun to market beef produced under regenerative practices in Chile, which has operated
under the Ecological Outcome Verification (EOV) certification, which provides a common
standard for measuring ecosystem health and land regeneration [118]. In addition, regener-
ative livestock systems pursue economic outcomes and emphasize strict control of income
and expenditures and a significant reduction in external inputs. Effective regenerative
management requires the continuous monitoring of production factors and periodic sys-
tem adjustments, which likely limits large-scale adoption because it depends on complete
record-keeping and the use of data from real farms, which is uncommon for most livestock
farming in Chile.

Although regenerative grazing systems have been reported to substantially reduce net
greenhouse gas emissions, the potential to reach carbon neutrality has differed based on
farm size, land use composition, and management intensity. In southern Chile, where farms
typically have included only 15–20% forest cover, achieving full neutrality is unlikely under
intensive grazing systems. Nevertheless, multi-species regenerative livestock systems
can enhance soil carbon sequestration and reduce emissions compared to conventional
models [120], which underscores the importance of context-specific evaluations.

Resilience to climate change is one of the greatest contributions of regenerative live-
stock farming. Carbon-enriched soils retain more water, which allows them to better cope
with droughts or extreme rainfall. Vegetation cover, tree shade, and a diversity of forage
species protect livestock and stabilize production under adverse conditions.

Traditional practices revived by regenerative-like approaches, such as rotational graz-
ing and the use of adapted breeds, increase the system’s capacity to adapt to climate
variability. Increasingly, farmers in Chiloé and Patagonia have been selecting animals
not only for their growth rate but for their hardiness under low-input systems and harsh
climatic conditions [96], which links traditional knowledge and modern performance
evaluation tools.

4. Cross-Cutting Elements and Conclusions
The agroecological/organic, heritage, regenerative, and sustainable intensification

strategies discussed here have differences and commonalities. Precisely because they
are often discussed separately, it is important to identify the common aspects that they
share and to understand how these shared principles can be leveraged to design transition
pathways for livestock systems. Figure 2 shows the intersections beyond the conceptual
and regulatory differences among productive, environmental, sociocultural, resilience,
and economic dimensions. These approaches converge around rational land use, reduced
reliance on external inputs, animal welfare, and the integration of production with the
landscape (Figure 2). At the same time, each model has its own emphasis, e.g., cultural
identity in heritage systems, ecological restoration in regenerative livestock farming, and
efficiency in sustainable intensification. Making these overlaps explicit is useful not only
to clarify conceptual debates but also to inform public policy and innovation agendas
where fragmented approaches have been a challenge. Our objective has been to provide a
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perspective on the complementarities and tensions involved in shaping livestock systems
that are territorially adapted but are aligned with global sustainability goals. The transition
to more sustainable livestock production systems opens opportunities for product differen-
tiation and value-added strategies, contributing to long-term economic and environmental
sustainability. Importantly, producers are not required to fully and rapidly transition; rather,
the goal is to assess how far they can or should advance within this framework. In this
process, technical support and scientific guidance will be essential in ensuring informed
decision-making that is tailored to the specific realities of each production system.

Figure 2. Heatmap showing the relative presence (0–10) of five sustainability components and their
cross-cutting elements (Animal Management and Regenerative Productive Practices, Sociocultural
Identity and Territorial Heritage, Resilience and Ecosystem Services, Environmental Sustainability
and Circularity, and Economic Viability and Productive Innovation) among four livestock produc-
tion systems (Sustainable Intensification, Organic/Agroecological, Heritage, and Regenerative) in
Chile. Scores represent a semi-quantitative, expert-based assessment, where 0 indicates absence and
10 indicates strong and systematic integration of each component within the production system;
values reflect relative positioning rather than measured indicators and are intended for comparative
and interpretative purposes.
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USD United States Dollar
FAO Food and Agriculture Organization of the United Nations
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Sociedad de Fomento Ovejero de Chiloé—Chiloé Sheep Breeders
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INIA Instituto de Investigaciones Agropecuarias—Agricultural Research Institute
N2O Nitrous oxide
BSG Brewers’spent grain
DATAMAN Database of greenhouse gas emissions from manure management
GPS Global Positioning System
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INDAP Instituto de Desarrollo Agropecuario—Agricultural Development Institute
GORE Gobierno Regional—Regional Government
ChOC Chile Origen Consciente—Chile Conscious Origin
IICA Inter-American Institute for Cooperation on Agriculture
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Federación Nacional de Productores de Ganado Bovino—National
Federation of Cattle Producers

GHG Greenhouse gas
CH4 Methane
CO2 Carbon dioxide
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GIAHS Global Important Agricultural Heritage Systems
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