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The geographical areas of the Andean paramo are considered strategic and 
highly important ecosystems both for their ecosystem services and for being a 
great support for society based on what water resources imply. However, these 
ecosystems have been affected by livestock production, which is one of the 
main activities carried out in these areas. This study highlights the importance 
of approaching farmers who inhabit these areas from an approach of adopting 
sustainable technologies and practices in livestock farming so that they can contribute 
to the conservation of the environment. The study has two main objectives (1) 
to develop the concept of technology adoption in agriculture, starting from its 
main categories and approach variables until reaching its relationship with the 
adoption of sustainable and conservation practices in livestock farming, and (2) 
provide a conceptual basis that interrelates adoption, livestock and páramo areas 
as a geographic environment. Finally, this proposed framework can serve as a 
reference to carry out empirical analysis seeking to test various hypotheses.
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1 Introduction

The paramo is a socio-ecological system that has been inhabited and shaped by human 
activity since approximately 10,000 years BC. High mountain ecosystems, located between the 
upper limit of the Andean Forest, and the lower limit of the glaciers or perpetual snow, are 
called paramos and are found in countries such as Colombia, Ecuador, Peru, Venezuela and 
Costa Rica (Avellaneda-Torres et al., 2018). This system is highly valued for the water-related 
ecosystem services it provides to millions of people because it forms the headwaters of the 
main rivers of the Andean Mountains and the Amazon region, including the Amazon River 
(Mosquera et  al., 2023). Therefore, paramo areas in the Latin American Andean region 
constitute great sources of life, given the biodiversity they possess and the ecosystem services 
they contain. Furthermore, these areas are considered fragile ecosystems due to the large 
number of endemic species they have, as well as the important role in the production and 
storage of water sources and carbon capture (Sabogal, 2023).

This geographical environment is considered highly complex to approach, especially 
because of its characteristics that could be  considered multidimensional, since it covers 
environmental, socio-cultural, as well as economic aspects, given that the population that 
inhabits these territories usually carries out various productive activities for their family 
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sustenance. This leads to interpreting the paramo as an environment 
inhabited by a social base that, although it has an influence on 
conservation and sustainable management, also incurs other uses of 
the soil and natural resources through activities such as intensive 
animal husbandry; large-scale agriculture, especially the production 
of potato varieties; and other economic exploitation activities. 
Therefore, from this perspective, the interrelation of how ecosystem 
services and water management can be  affected by communities 
within páramo areas is important, which implies an interaction of 
what could be called an ecological dimension, but also socio-political 
that contributes to the understanding of the sustainable management 
of páramo water (Mosquera et al., 2022).

However, in this article we  want to focus the analysis on 
agricultural activities, especially livestock, given the recognition that 
this type of productive activities have had in water management. 
Therefore, from the interrelation between an ecological and socio-
political dimension, another important dimension also arises, such as 
the management of land use in paramo areas. This issue involves the 
issue of land ownership and the way it can influence the expansion of 
the agricultural frontier and the decision-making by its owners 
(López-Sandoval and Maldonado, 2019), but also the way in which 
that land tenure can be  associated with the adoption of 
environmentally sustainable agricultural practices, given that in the 
land occupation model, the factors of size, geography and tenure can 
form a logic of the producer and inhabitant of these territories 
(Robineau et al., 2010).

In fact, the livestock-producing communities within the same 
Andean tropical paramo ecosystems are facing a set of complex 
challenges where they must associate their own production with the 
generation of family income, along with the sustainable conservation 
of the environment, and especially of the water resource. In any case, 
some studies have considered some of these variables mentioned as 
key within the adoption of sustainable practices, such as usefulness, 
ease of use and perceived confidence in a certain adoption technology 
(Adnan et al., 2017), as well as a set of variables related to the topic that 
can be  grouped into categories such as behavioral factors, socio-
demographic factors, structural factors at the farm level, and even 
institutional issues (Thompson et al., 2024).

Regarding this issue, it can be  stated that the discussion has 
focused on three key axes. The first is that human presence in paramo 
areas should not be essentially stimulated by livestock activities as the 
main source of income; therefore, a possible transition, at least towards 
more sustainable production, may be promoted by the role of social 
interactions as a process of construction of technological practices and 
the creation of new realities in a socio-technical space (Molina 
Benavides et al., 2019; Torres et al., 2023). Secondly, in relation to what 
is involved in the aspects that facilitate the decision-making of 
livestock producers in paramo ecosystems towards the preservation 
of the hydrological resource, but also of the flora and fauna, there is a 
need to harmonize livelihoods at a small scale in the páramo with 
sustainability (Rey-Romero et al., 2022). Thirdly, and finally, because 
the influence of broad socioeconomic factors, psychological factors, 
and producers’ perceptions on the adoption of sustainable agricultural 
and conservation practices has been demonstrated, they can help 
understand key entry points for making decisions (Foguesatto et al., 
2020). Therefore, after describing what the notion of adoption of 
technology and practices implies, as well as its approach to 
sustainability in agriculture, this article seeks to expand the discussion. 

However, in the discussion of this problem, we still find a knowledge 
gap around the relationship between the producer, the adoption of 
sustainable livestock practices, and the theoretical paramo ecosystem 
that relates the adoption with the environment and the livestock, 
finally contributing with an analysis framework that allows 
interrelating categories and adoption variables.

2 Research method

This article followed a two-step research design: first, a systematic 
literature review with qualitative content analysis was conducted to 
explore the understanding of the agricultural technology adoption, 
their dimensions and agricultural sustainable practices discourse. 
Content analysis was selected as the research technique for the 
objective, that seeks to quantify content in terms of some key 
categories, furthermore seeks analyze context when sorting text into 
groups of related categories to identify similarities and differences, 
patterns, and associations (Kleinheksel et al., 2020). Therefore, this 
literature review aimed to illustrate the state of research and scientific 
discourse within our field of analysis. This helped to identify recurring 
phenomena, common understandings and research gaps and thus 
ultimately contributes to conceptual analysis framework development 
(Tranfield et al., 2003).

Second, we are based on an abduction research approach, which 
refers to a creative inferential process aimed at producing new 
hypotheses and theoretical frameworks based on research evidence 
(Timmermans and Tavory, 2012). Although it has to be clarified that 
abductive reasoning is similar to deductive and inductive approaches 
in so far as it is applied to make logical inferences and construct 
theories, the researcher then seeks to choose some answers from 
among many alternatives in order to explain a particular fact or 
phenomenon associated to research interest (Mitchell and 
Education, 2018).

3 The adoption of technology and 
practices in agriculture and bridges to 
sustainability

3.1 Main axes in the agricultural adoption 
process

The adoption of technologies in agriculture has been a topic of the 
broadest relevance in scientific literature. In fact, new approaches and 
analyses constantly emerge that seek to improve the understanding of 
the influence of aspects and variables in this process, in which the 
involvement of multiple fields of knowledge has been demonstrated. 
Agricultural technology adoption theory is a multidisciplinary field 
that combines elements of decision theory and innovation diffusion 
theory in an attempt to explain why some farmers adopt new 
technologies and others do not (Ruzzante et al., 2021). In fact, a set of 
economic, social and environmental aspects have been identified that 
can be interrelated and influence agricultural producers differently 
(Pannell et al., 2006). However, the decision process to adopt a practice 
or technology by agricultural producers can also be divided between 
two specific environments: the internal one, that is, where certain 
characteristics of the producer and his productive farm intervene; and 
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the external, where a meso level is involved that has to do with the 
entities of the territory, their particularities, the networks of 
relationships and the provision of rural extension services and advice 
to the producer, and government support entities.

From the internal environment, the existence of variables that 
have a broad influence on the adoption of technologies and practices 
of the producer has been discussed, such as age, level of education, 
gender, and even the characteristics of the farm itself where the 
producer may perceive the advantages and disadvantages of 
implementing a certain practice, and where behavioral beliefs and 
psychological factors may intervene (Martínez-garcía et al., 2016). 
This specific behavioral perspective also puts trust in context as one of 
the most influential aspects in the decision to adopt by the agricultural 
producer (Ramírez-Gómez et al., 2020). For this aspect, there are 
studies that show that trust is an internal perception that could seek 
to be strengthened through education and rural extension programs, 
managing to improve producer interactions (Joffre et  al., 2019). 
Furthermore, one of the issues that are considered most important in 
farmer adoption continues to be a matter of perceived risk (Giampietri 
et al., 2020). This aspect is key given that there may be a distinction 
between risk attitude and risk perception, which allows a 
differentiation to be made between farmers who are willing to take 
risks and who are more inclined to apply risk management strategies 
before adopting a policy. Technology or practice, compared to risk-
averse farmers, who are generally more willing to face the 
consequences of their adoption decisions (van Winsen et al., 2016).

Of course, within the framework of the internal environment of 
aspects that influence the adoption of sustainable practices in 
agriculture, there is also an interrelation between characteristics and 
perceptions of the farmer together with his environment. In fact, the 
influence of incentives on the motivations to adopt sustainable 
practices has been demonstrated (Greiner et al., 2009). This is how this 
motivation can also be mediated by the form of land ownership, if it 
is taken into account that this aspect can generate certain resistance to 
the adoption of sustainable and conservation practices, and restriction 
of access to sources of information, knowledge, and government 
programs (Varble et al., 2016). Given that the literature refers to the 
fact that the process of technological adoption and practices by the 
farmer also constitutes a social and interactive process both with his 
own peers and with other actors, new categories of analysis have been 
generated such as participation in rural extension and training 
programs. Therefore, in this relationship between the farmer and the 
external environment, it has been shown that the adoption process is 
partially influenced by the farmer’s learning environment, and the way 
in which he assimilates knowledge and information from various local 
and external sources to the territory, incorporating their learning 
capacity (Gómez et  al., 2023; Ramírez-Gómez and Cuevas 
Reyes, 2023).

Furthermore, it has been shown that the participation of farmers 
in both producer organizations and agricultural extension programs 
positively influences the adoption of agricultural technologies 
(Wossen et  al., 2017), and especially through the formation of 
information exchange networks. and resources that facilitate 
sustainable practices (Wossen et al., 2013). Finally, we cannot lose 
sight of the fact that the adoption process in agriculture in rural areas 
involves a sociological, ecological, but also geographical dimension, 
given that the specificities of the place constitute influential aspects, 
such as the forms of relationships, the historical roots of practices, 

beliefs, and in general of a culture that must seek to be understood on 
a larger scale (Audouin et al., 2018).

3.2 Key considerations in the process of 
adopting sustainable and conservation 
practices

The consideration of sustainable practices in agricultural 
production activities has been widely recognized in the literature. In 
fact, there are many approaches that can differentiate between factors 
that constitute barriers or incentives for the process of technological 
adoption and environmental and sustainable practices in agricultural 
production systems (Rizzo et  al., 2024). However, in this section 
we intend to place greater conceptual emphasis on the involvement of 
what are called sustainable practices in agriculture and some of the 
most prominent variables, in order to build a narrative around what 
it means to use, manage, and conserve natural resources from the 
notion of adoption.

For example, one of the key axes within the transition towards 
sustainable agriculture has to do with soil conservation practices, 
based on the existence of few universal variables that can properly 
explain the process of adoption or non-adoption of this type of 
practices by farmers. However, there are at least certain categories that 
can group a set of variables, and that in various parts of the world have 
been seen as important to understand what technologies and practices 
imply for soil resources: characteristics of the farmer; biophysical 
characteristics of the farm; property administration; and exogenous 
factors, within which government policies have a lot of influence, such 
as subsidy structures and payments for environmental services 
(Knowler and Bradshaw, 2007). Therefore, based on a possible 
interrelation between internal and external factors, it can 
be  mentioned that the adoption of sustainable practices in soil 
management in many cases is influenced by aspects such as the 
farmer’s perceptions of the impact and productive performance, 
beliefs regarding land use improvement, and even government 
payments for impacts against the carbon market (Ogieriakhi and 
Woodward, 2022).

For its part, sustainable practices for the management of water 
resources in agriculture have been a topic of broad interest, even due 
to the variables that determine the possibilities of adoption by farmers. 
In fact, water management is a key issue due to its high requirement 
in agricultural production, but also due to the impact on human 
consumption, especially in paramo areas as an environment of natural 
water production. Given that livestock farming is probably the main 
agricultural activity in moorland and highland areas, it is important 
to be able to classify some considerations regarding the adoption of 
sustainable water management practices. Faced with this, we  can 
propose that there is a lot of agreement between various authors 
regarding a set of variables that affect the adoption of the water 
resource. Therefore, sociodemographic aspects such as education, the 
number of economically active family members, and contact with 
extension actors are prominent issues (Wordofa et  al., 2020). 
Furthermore, it is important to note that although soil and water 
practices are usually linked in an integrated manner, the impact of 
various variables on water conservation practices in agriculture can 
also be sought to be evaluated. Some of these practices have been 
specified as the management of canals, adequate efficient irrigation 
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systems, or structures for water conservation; they may be influenced 
by issues such as access to credit and incentives versus a greater 
tendency to adopt (Jara-Rojas et al., 2012).

To make a transition towards sustainable agricultural production 
systems, it is important to thoroughly consider the conservation 
decisions of farmers so that it is possible to face the challenges in 
aspects such as the conservation of water resources, soil, as well as the 
biodiversity that surrounds the area and rural landscape. Even in the 
face of obvious threats such as climate change and accelerating natural 
resource loss, it remains difficult to explain why farmers adopt despite 
extensive research on the topic. Precisely for this reason, since the 
adoption of conservation practices by farmers, analytical frameworks 
have emerged that suggest addressing the role of environmental 
programs, delving into the perceptions and social norms of the farmer 
where possible social pressures and local conflicts can be understood, 
as well as the interpretation of the geographical context, placing the 
farmer within the framework of a human-natural system (Yoder 
et al., 2019).

3.3 An approach to the dynamics of 
sustainable livestock practices adoption in 
geographical areas of highlands and 
paramos: a matter of perceptions?

One of the topics that we seek to highlight in this section in order 
to delimit a conceptual approach is that the influence of geographical 
patterns is also an important topic in the process of adoption of 
technology and sustainable practices by farmers. In fact, the 
importance of different environments and geographical contexts with 
the implementation of environmentally friendly practices has been 
considered, so that even the analysis of dynamics and phenomena can 
be specialized in specific areas (Mozzato et al., 2018). Especially the 
development of agricultural productive activities tends to take place 
in an environment of great tension in highlands given the complexity 
of generating a harmonious relationship between productivity and 
landscape management, where the use and management of natural 
resources is an issue that causes the problem, if it is taken into account 
that high geographical areas are usually oriented from an institutional 
and regulatory environment that could be rigorous, as well as a set of 
public policies that seek to intervene and regulate productive activities 
in these areas of influence.

Given that the tension generated by livestock production in high 
geographical areas due to the aforementioned relationship is evident, 
some analytical trends seek to propose the narrative according to 
which the transition towards better practices in high geographical 
areas needs to take into account that farmers can be involved in a 
dilemma related to the exploration of their values, and their own 
assessment of their lifestyles and social structures in terms of the 
relationships in which they operate in a local environment (McCarthy 
et al., 2023). Thus, it is evident that even in livestock production, 
farmers can involve different socio-relational and socio-functional 
aspects, and where perceptions are more associated with the identity 
of the farmer himself, in regards to a transition towards sustainable 
practices (Saleh and Ehlers, 2023).

Therefore, we consider that technological acceptance models that 
seek to understand the adoption of sustainable practices, based on 
the analysis of perceptions of usefulness and ease of technological use 

by the farmer, are insufficient (Schaak and Mußhoff, 2018), precisely 
because the geographical environment involves a set of elements that 
make the analysis more complex and profound. Therefore, we want 
to propose some conceptual elements that contribute to 
understanding how adoption by farmers located in these high 
geographical areas can be addressed and better understood and how 
their production and business model can be better understood. In 
this way we raise the idea that the adoption process in highlands and 
paramos is an issue that should seek to be understood differently for 
some reasons. First, because livestock activity is perhaps the main 
form of production in highlands, and is in fact one of the activities 
that has most sought to involve in transition processes towards 
productive, economic, environmental and social sustainability 
(Ogawa et al., 2023).

However, there are very few studies that address the issue of 
sustainable adoption in livestock farming and especially in the Andean 
paramo area from a perspective of seeking the conservation of natural 
resources in this environment, and even in the highlands themselves. 
One of the most notable works on highland agriculture reveals six 
basic reasons for the non-adoption of sustainable practices in these 
areas, generally characterized by resource-poor farmers living on soils 
with high possibilities of degradation or even in the process of it 
leading to lose soil and further technical problems (Fujisaka, 1994); 
however, knowledge gaps still persist that may constitute future lines 
of research. Therefore, we consider that it is also important to delve 
into new forms of perception of farmers who inhabit strategic paramo 
ecosystems, in accordance with studies that demonstrate that the 
perception of water scarcity in a context of climate change is a 
determining factor of farmer behavior, especially collective adaptation 
(Leroy, 2019), and even the need to take into account local perceptions 
when assessing which ecosystem services farmers value, in order to 
inform policy decisions with concrete data (Leroy and Barrasa 
Garcia, 2021).

Secondly, we propose here that despite the existence of extensive 
experiences on sustainable management of natural resources in 
highlands, there are still poorly understood aspects that can influence 
farmer behavior, such as institutional failures, and market and access 
policies with few incentives for the decisions implemented by farmers 
(Shiferaw et  al., 2009). Especially from an institutional political 
perspective, it is worth highlighting key aspects in the construction of 
a conceptual framework regarding the adoption of sustainable 
livestock farming, because these páramo areas can be governed by 
regulatory frameworks that could either encourage or, on the contrary, 
restrict the implementation of practices that are more sustainable for 
livestock production. Regarding this issue, the set of perceptions that 
the farmer has about the regulatory environment can also play an 
important role, which has been explained as one of the disregarded 
and little considered aspects in the process of adoption of sustainable 
practices by farmers, generating even a large knowledge gap (Guo 
et al., 2022).

4 Towards the integration of a 
conceptual framework on adoption, 
livestock, and paramo areas

Sustainability in livestock production in high geographical areas 
and paramos is usually a framework with few approaches, specifically 
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from the adoption and what the role of the farmer in the productive 
activity and its tendency to technological change implies. However, in 
order to reduce the impacts on nature of human activities, different 
practices and behaviors have been proposed that promote sustainability, 
based on a search for balance between society, nature, and resources 
for future generations, with a fundamental emphasis on what is known 
as landscape sustainability (Wu, 2013). It is in this sense that livestock 
production activity in paramo areas must seek to maintain active the 
capacity of the landscape, its basic structure, and ecosystem services.

In the Andean paramo areas, two types of livestock production 
systems can generally be  found, such as intensive and extensive 
grazing, which are framed in a broad technological spectrum, 
productivity, profitability, and environmental impact (Holmann et al., 
2002). However, we are not interested in differentiating production 
systems, but rather we seek to contribute with a conceptual approach 
that interrelates variables and concepts associated with the objective 
of this study, where we  propose an analysis of the adoption of 
practices and technologies for sustainable livestock farming in 
Andean paramo areas (see Table  1), in accordance with the 
approaches that point out the interrelation of three categories adapted 
for sustainable livestock farming in this geographical environment 
(Botía et al., 2018).

Furthermore, our proposed analysis framework also has some 
similarities and adaptations of the approaches of Dessart et al. (2019), 
who point out that the adoption of sustainable practices is influenced 
by cognitive factors that bring together a set of perceptions about 
risks, control, and costs; social factors that involve interactions, 

various norms and forms of social approval; as well as the so-called 
dispositional factors, which refer to farm objectives and even 
personality aspects. For this theoretical and conceptual approach, 
we propose the interrelation of three key categories that can direct 
livestock farming towards sustainable production based on the 
recognition that grassland management has on production from a 
multidimensional vision, both for food production and for land 
rehabilitation, environmental management, in addition to its 
ecosystem functionality in the face of the water cycle and soil 
conservation, and the search for a harmonious relationship with the 
adequate management of animal production (Kemp and 
Michalk, 2007).

Furthermore, given that livestock production is one of the main 
global sources of greenhouse gas emissions, it has been suggested that 
high livestock density in certain areas can also create local 
environmental problems (Leinonen, 2019), which is why Density is 
one of the key variables in the management of animal production, as 
well as other types of livestock practices that clearly – from the vision 
and management approach – can be associated with the reduction of 
environmental impacts, especially in fragile ecosystems (Kleppel, 
2020). In this sense, we  consider that livestock production in the 
Andean paramo as a strategic ecosystem also represents a challenge 
for farmers based on the implementation of a wide set of practices 
such as the rotation of pastures, diversification of species of forages, 
the establishment of food banks, organic fertilization and soil 
improvement with microorganisms and other minerals (Durana 
et al., 2023).

TABLE 1 The adoption of sustainable livestock practices in the Andean paramo area.

Category Description Adoption key variables Key authors

Grassland management This category covers thematic issues such as 

the management of grasslands and paddocks, 

the consideration of topography for soil 

resource management, and the alternative 

management of pasture health problems.

Usefulness and importance of technology Martínez-García et al. (2013)

Producer attitude and social pressure

Subjective norms (influence of neighbors, 

family, local workers)

Borges et al. (2014)

Farmer’s innovation capacity Hyland et al. (2018)

Land ownership Elahi et al. (2021)

Socio-economic features

Environmental and water 

resource management

Sustainable practices that integrate livestock, 

forestry, water management, adequate waste 

management and landscape management are 

addressed based on the adequate management 

of the areas of influence.

Cultural aspects and beliefs Gil et al. (2015)

Aprovisionamiento del crédito

Involvement of government stakeholders Mekuriaw et al. (2018) and Belachew et al. 

(2020)Technical support

Perception of the environmental problem Sileshi et al. (2019)

Educational level of the head of the family

Participation in development projects Jara-Rojas et al. (2020)

Presence of water sources

Management of animal 

production

It is related to the implementation of good 

production practices, which even includes 

formal process certification processes.

Technology cost perception Bechini et al. (2020)

Livestock density

Complexity and advantages of practices Campbell and King (2022)

Land tenure

Access to qualified workforce

Financial incentives Tapasco et al. (2019)

Productive planning vision
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For its part, the transition towards comprehensive water 
management, waste management and natural resources constitutes a 
key category with regard to sustainable livestock production in paramo 
areas. In this perspective, it has been proposed that in the highlands of 
páramo an extension of grasslands, livestock management and a 
certain density of trees can converge, especially in certain hillside 
areas, generating acceptable ecological conditions from a more 
sustainable vision (Molinillo and Monasterio, 1997). However, beyond 
establishing and sustaining the existence of a set of sustainable 
practices in livestock production, the interest in building an analytical 
approach has more to do with the grouping of categories and a set of 
variables that influence the adoption of technology either to favor or 
restrict this process by the farmer. This framework integrates not only 
the geographical perspective and its characteristics, but also various 
perceptions, aspects of the farm, socio-demographics and social issue. 
In this sense, it is expected that this framework can be  used in 
empirical evaluations both in this paramo environment and in other 
agroecosystems, either using this approach or generating an 
adaptation of it.

This previously proposed integrated framework of analysis has 
broad implications for public policy at the international level. First, 
because many countries, and specifically in Latin America, must seek 
to promote agricultural productivity, without losing sight of the 
effects on sustainability, placing special emphasis on what 
corresponds to land ownership (Adesida et  al., 2021). Second, 
because the páramo areas, due to their conditions of vulnerability, 
imply that public policy incorporates better mechanisms for 
monitoring the potential use of the ecosystem’s soil for protection and 
water production, so that not only can there be punitive interventions, 
but also better mechanisms for incentives and education (Thompson 
et al., 2021).

Finally, the conceptual analysis of the literature carried out in this 
research shows that the approaches to the adoption of sustainable 
practices in agriculture and their adaptation to livestock production 
systems are viewed with a broad spectrum of approach, which is 
important because it provides diverse analysis perspectives. However, 
it is evident that empirical approaches around the process of adoption 
of sustainable technology and practices in livestock systems in páramo 
areas, still lack empirical approaches that allow not only to contrast 
new hypotheses, but also to generate information that is more useful 
for decision makers in the design and implementation of 
public policies.

5 Conclusion

This research developed a conceptual analysis examining the 
notion of adoption of technology and practices in agriculture, its most 
determining key factors, in addition to its relationship with 
conservation and sustainability in agriculture and livestock activity. 
Although the theoretical approach to the adoption of technology in 
agriculture and livestock is perhaps one of the broadest in the 
literature, here we  develop the idea according to which the 
environment and geographical context constitute a key piece of the 
approach. Specifically, we propose that geographical patterns have an 
impact on the adoption process by farmers, either due to an 
institutional and regulatory environment, as well as a set of perceptions 

of the farmer within their own geographical environment and their 
socio-relational perspective, based on their identity and interrelation 
of values with the environment; as well as from a socio-functional 
vision that allows dimensioning what the farmer conceives of certain 
sustainable practices and their relationship with the natural resources 
of the environment.

More specifically, we refer to the geographical context of paramo 
areas as a strategic and highly fragile ecosystem, which is affected by 
mainly livestock activity, on which farmers have developed their 
livelihoods and subsistence. Although technological adoption is 
mediated by a wide set of categories and variables, some of which 
we  were able to develop in the text, in this study we  propose an 
approach to the integration of the adoption of technologies and 
sustainable livestock farming practices in paramo Andean areas. 
Therefore, for the purpose of expanding the conceptual discussion on 
the topic, our study shows, based on the literature, that there is a set of 
key variables of the adoption of sustainable technologies and practices 
that can be  adapted for a greater understanding of technological 
change in livestock farming towards sustainability in paramo areas.

Author contributions

CR-G: Conceptualization, Formal analysis, Investigation, 
Methodology, Writing  – original draft. AG-C: Conceptualization, 
Formal Analysis, Investigation, Methodology, Writing – original draft. 
HR-E: Funding acquisition, Resources, Writing – review & editing.

Funding

The author(s) declare financial support was received for the 
research, authorship, and/or publication of this article. This work was 
supported by the University of Caldas and Gamma Group Research 
from University of Antioquia.

Acknowledgments

The authors would like to thank to Gamma Research Group from 
University of Antioquia for support with publishing fees in this journal.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

https://doi.org/10.3389/fsufs.2024.1461713
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org


Ramírez-Gómez et al. 10.3389/fsufs.2024.1461713

Frontiers in Sustainable Food Systems 07 frontiersin.org

References
Adesida, I. E., Nkomoki, W., Bavorova, M., and Madaki, M. Y. (2021). Effects of 

agricultural programmes and land ownership on the adoption of sustainable agricultural 
practices in Nigeria. Sustain. For. 13:7249. doi: 10.3390/su13137249

Adnan, N., Nordin, S. M., and Bin Abu Bakar, Z. (2017). Understanding and facilitating 
sustainable agricultural practice: a comprehensive analysis of adoption behaviour among 
Malaysian paddy farmers. Land Use Policy 68, 372–382. doi: 10.1016/j.landusepol.2017.07.046

Audouin, S., Gazull, L., and Gautier, D. (2018). Territory matters: exploring the 
functioning of an innovation system through the filter of local territorial practices - the 
example of the adoption of cashew trees in Burkina Faso. J. Rural. Stud. 63, 130–140. 
doi: 10.1016/j.jrurstud.2018.08.007

Avellaneda-Torres, L. M., Sicard, T. E. L., and Rojas, E. T. (2018). Impact of potato 
cultivation and cattle farming on physicochemical parameters and enzymatic activities 
of Neotropical high Andean Páramo ecosystem soils. Sci. Total Environ. 632, 1600–1610. 
doi: 10.1016/j.scitotenv.2018.03.137

Bechini, L., Costamagna, C., Zavattaro, L., Grignani, C., Bijttebier, J., and 
Ruysschaert, G. (2020). Drivers and barriers to adopt best management practices. Survey 
among Italian dairy farmers. J. Clean. Prod. 245:118825. doi: 10.1016/j.jclepro.2019.118825

Belachew, A., Mekuria, W., and Nachimuthu, K. (2020). Factors influencing adoption 
of soil and water conservation practices in the northwest Ethiopian highlands. Int. Soil 
Water Conserv. Res. 8, 80–89. doi: 10.1016/j.iswcr.2020.01.005

Borges, J. A. R., Lansink, A. G. J. M. O., Ribeiro, C. M., and Lutke, V. (2014). 
Understanding farmers’ intention to adopt improved natural grassland using the theory 
of planned behavior. Livest. Sci. 169, 163–174. doi: 10.1016/j.livsci.2014.09.014

Botía, A., Oliveros, A., Avella, C., Sarmiento, C., Rey, C., and Ruales, D. (2018). 
Documento de lineamientos para la elaboración del plan de manejo ambiental y la 
zonificación y régimen de usos aplicable a páramos delimitados. Bogotá: Instituto de 
Investigación de Recursos Biológicos Alexander von Humboldt, Conservación 
Internacional Colombia Empresa de Acueducto de Bogotá.

Campbell, A., and King, A. E. H. (2022). Choosing sustainability: decision making 
and sustainable practice adoption with examples from US great plains cattle grazing 
systems. Animals 12:286. doi: 10.3390/ani12030286

Dessart, F. J., Barreiro-Hurlé, J., and Van Bavel, R. (2019). Behavioural factors affecting 
the adoption of sustainable farming practices: a policy-oriented review. Eur. Rev. Agric. 
Econ. 46, 417–471. doi: 10.1093/erae/jbz019

Durana, C., Murgueitio, E., and Murgueitio, B. (2023). Sustainability of dairy farming 
in Colombia’s high Andean region. Front. Sust. Food Syst. 7:1223184. doi: 10.3389/
fsufs.2023.1223184

Elahi, E., Zhang, H., Lirong, X., Khalid, Z., and Xu, H. (2021). Understanding 
cognitive and socio-psychological factors determining farmers’ intentions to use 
improved grassland: implications of land use policy for sustainable pasture production. 
Land Use Policy 102:105250. doi: 10.1016/j.landusepol.2020.105250

Foguesatto, C. R., Borges, J. A. R., and Machado, J. A. D. (2020). A review and some 
reflections on farmers’ adoption of sustainable agricultural practices worldwide. Sci. 
Total Environ. 729:138831. doi: 10.1016/j.scitotenv.2020.138831

Fujisaka, S. (1994). Learning from six reasons why farmers do not adopt innovations 
intended to improve sustainability of upland agriculture. Agric. Syst. 46, 409–425. doi: 
10.1016/0308-521X(94)90104-N

Giampietri, E., Yu, X., and Trestini, S. (2020). The role of trust and perceived barriers 
on farmer’s intention to adopt risk management tools. Bio-Based Appl. Econ. J. 9, 1–24. 
doi: 10.22004/ag.econ.308833

Gil, J., Siebold, M., and Berger, T. (2015). Adoption and development of integrated 
crop–livestock–forestry systems in Mato Grosso, Brazil. Agric. Ecosyst. Environ. 199, 
394–406. doi: 10.1016/j.agee.2014.10.008

Gómez, C. J. R., Espinosa, H. R., and Betancur, F. R. (2023). Farmer, learning and 
teaching: a cluster analysis of technology adopters in avocado farming in Colombia. 
Trop. Subtrop. Agroecosyst. 26:4434. doi: 10.56369/tsaes.4434

Greiner, R., Patterson, L., and Miller, O. (2009). Motivations, risk perceptions and 
adoption of conservation practices by farmers. Agric. Syst. 99, 86–104. doi: 10.1016/j.
agsy.2008.10.003

Guo, Z., Chen, X., and Zhang, Y. (2022). Impact of environmental regulation 
perception on farmers’ agricultural green production technology adoption: a new 
perspective of social capital. Technol. Soc. 71:102085. doi: 10.1016/j.techsoc.2022.102085

Holmann, F. J., Rivas Ríos, L., Carulla, J., Giraldo, L. A., Guzman, S., and Martinez, M. 
(2002). Evolution of milk production systems in the tropics of Latin America and its 
interrelationship with markets: An analysis of the Colombian case. Livestock Research for 
Rural Development, 15.

Hyland, J. J., Heanue, K., McKillop, J., and Micha, E. (2018). Factors underlying 
farmers’ intentions to adopt best practices: the case of paddock based grazing systems. 
Agric. Syst. 162, 97–106. doi: 10.1016/j.agsy.2018.01.023

Jara-Rojas, R., Bravo-Ureta, B. E., and Díaz, J. (2012). Adoption of water conservation 
practices: a socioeconomic analysis of small-scale farmers in Central Chile. Agric. Syst. 
110, 54–62. doi: 10.1016/j.agsy.2012.03.008

Jara-Rojas, R., Russy, S., Roco, L., Fleming-Muñoz, D., and Engler, A. (2020). Factors 
affecting the adoption of agroforestry practices: insights from silvopastoral systems of 
Colombia. Forests 11:648. doi: 10.3390/f11060648

Joffre, O. M., Poortvliet, P. M., and Klerkx, L. (2019). To cluster or not to cluster 
farmers? Influences on network interactions, risk perceptions, and adoption of 
aquaculture practices. Agric. Syst. 173, 151–160. doi: 10.1016/j.agsy.2019.02.011

Kemp, D. R., and Michalk, D. L. (2007). Towards sustainable grassland and livestock 
management. J. Agric. Sci. 145, 543–564. doi: 10.1017/S0021859607007253

Kleinheksel, A. J., Rockich-Winston, N., Tawfik, H., and Wyatt, T. R. (2020). 
Demystifying content analysis. Am. J. Pharm. Educ. 84:7113. doi: 10.5688/ajpe7113

Kleppel, G. S. (2020). Do differences in livestock management practices influence 
environmental impacts? Front. Sust. Food Syst. 4:141. doi: 10.3389/fsufs.2020.00141

Knowler, D., and Bradshaw, B. (2007). Farmers’ adoption of conservation agriculture: 
a review and synthesis of recent research. Food Policy 32, 25–48. doi: 10.1016/j.
foodpol.2006.01.003

Leinonen, I. (2019). Achieving environmentally sustainable livestock production. 
Sustain. For. 11:246. doi: 10.3390/su11010246

Leroy, D. (2019). Farmers’ perceptions of and adaptations to water scarcity in 
Colombian and Venezuelan Páramos in the context of climate change. Mt. Res. Dev. 39, 
R21–R34. doi: 10.1659/MRD-JOURNAL-D-18-00062.1

Leroy, D., and Barrasa Garcia, S. (2021). Which ecosystem services are really 
integrated into local culture? Farmers’ perceptions of the Columbian and Venezuelan 
páramos. Hum. Ecol. 49, 385–401. doi: 10.1007/s10745-021-00251-y

López-Sandoval, M., and Maldonado, P. (2019). Change, collective action, and cultural 
resilience in páramo management in Ecuador. Mt. Res. Dev. 39:R1. doi: 10.1659/MRD-
JOURNAL-D-19-00007.1

Martínez-garcía, C. G., Arriaga-jordán, C., Dorward, P., Rehman, T., and Rayas-
amor, A. (2016). Using a socio-psychological model to identify and understand 
factors influencing the use and adoption of successful innovation by small-scale 
dairy farmers of Central Mexico. Exp. Agric. 54, 142–159. doi: 10.1017/
S0014479716000703

Martínez-García, C. G., Dorward, P., and Rehman, T. (2013). Factors influencing 
adoption of improved grassland management by small-scale dairy farmers in Central 
Mexico and the implications for future research on smallholder adoption in developing 
countries. Livest. Sci. 152, 228–238. doi: 10.1016/j.livsci.2012.10.007

McCarthy, J., Meredith, D., and Bonnin, C. (2023). ‘You have to keep it going’: 
relational values and social sustainability in upland agriculture. Sociol. Rural. 63, 
588–610. doi: 10.1111/soru.12402

Mekuriaw, A., Heinimann, A., Zeleke, G., and Hurni, H. (2018). Factors influencing 
the adoption of physical soil and water conservation practices in the Ethiopian 
highlands. Int. Soil Water Conserv. Res. 6, 23–30. doi: 10.1016/j.iswcr.2017.12.006

Mitchell, A., and Education, A. E. (2018). “A review of mixed methods, pragmatism 
and abduction techniques,” in Proceedings of the European Conference on Research 
Methods for Business & Management Studies, 269–277.

Molina Benavides, R. A., Campos Gaona, R., Sánchez Guerrero, H., Giraldo Patiño, L., 
and Atzori, A. S. (2019). Sustainable feedbacks of colombian paramos involving 
livestock, agricultural activities, and sustainable development goals of the agenda 2030. 
Systems 7:52. doi: 10.3390/systems7040052

Molinillo, M., and Monasterio, M. (1997). Pastoralism in paramo environments: 
practices, forage, and impact on vegetation in the cordillera of Merida, Venezuela. 
Mount. Res. Dev. 17, 197–211. doi: 10.2307/3673848

Mosquera, G. M., Hofstede, R., Bremer, L. L., Asbjornsen, H., Carabajo-Hidalgo, A., 
Célleri, R., et al. (2023). Frontiers in páramo water resources research: a 
multidisciplinary assessment. Sci. Total Environ. 892:164373. doi: 10.1016/j.
scitotenv.2023.164373

Mosquera, G. M., Marín, F., Stern, M., Bonnesoeur, V., Ochoa-Tocachi, B. F., 
Roman-Danobeytia, F., et al. (2022). Progress in understanding the hydrology of high-
elevation Andean grasslands under changing land use. Sci. Total Environ. 804:150112. 
doi: 10.1016/j.scitotenv.2021.150112

Mozzato, D., Gatto, P., Defrancesco, E., Bortolini, L., Pirotti, F., Pisani, E., et al. (2018). 
The role of factors affecting the adoption of environmentally friendly farming practices: 
can geographical context and time explain the differences emerging from literature? 
Sustain. For. 10:3101. doi: 10.3390/su10093101

Ogawa, K., Garrod, G., and Yagi, H. (2023). Sustainability strategies and stakeholder 
management for upland farming. Land Use Policy 131:106707. doi: 10.1016/j.
landusepol.2023.106707

Ogieriakhi, M. O., and Woodward, R. T. (2022). Understanding why farmers adopt 
soil conservation tillage: a systematic review. Soil Secur. 9:100077. doi: 10.1016/j.
soisec.2022.100077

Pannell, D. J., Marshall, G. R., Barr, N., Curtis, A., Vanclay, F., and Wilkinson, R. 
(2006). Understanding and promoting adoption of conservation practices by rural 
landholders. Aust. J. Exp. Agric. 46, 1407–1424. doi: 10.1071/EA05037

https://doi.org/10.3389/fsufs.2024.1461713
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://doi.org/10.3390/su13137249
https://doi.org/10.1016/j.landusepol.2017.07.046
https://doi.org/10.1016/j.jrurstud.2018.08.007
https://doi.org/10.1016/j.scitotenv.2018.03.137
https://doi.org/10.1016/j.jclepro.2019.118825
https://doi.org/10.1016/j.iswcr.2020.01.005
https://doi.org/10.1016/j.livsci.2014.09.014
https://doi.org/10.3390/ani12030286
https://doi.org/10.1093/erae/jbz019
https://doi.org/10.3389/fsufs.2023.1223184
https://doi.org/10.3389/fsufs.2023.1223184
https://doi.org/10.1016/j.landusepol.2020.105250
https://doi.org/10.1016/j.scitotenv.2020.138831
https://doi.org/10.1016/0308-521X(94)90104-N
https://doi.org/10.22004/ag.econ.308833
https://doi.org/10.1016/j.agee.2014.10.008
https://doi.org/10.56369/tsaes.4434
https://doi.org/10.1016/j.agsy.2008.10.003
https://doi.org/10.1016/j.agsy.2008.10.003
https://doi.org/10.1016/j.techsoc.2022.102085
https://doi.org/10.1016/j.agsy.2018.01.023
https://doi.org/10.1016/j.agsy.2012.03.008
https://doi.org/10.3390/f11060648
https://doi.org/10.1016/j.agsy.2019.02.011
https://doi.org/10.1017/S0021859607007253
https://doi.org/10.5688/ajpe7113
https://doi.org/10.3389/fsufs.2020.00141
https://doi.org/10.1016/j.foodpol.2006.01.003
https://doi.org/10.1016/j.foodpol.2006.01.003
https://doi.org/10.3390/su11010246
https://doi.org/10.1659/MRD-JOURNAL-D-18-00062.1
https://doi.org/10.1007/s10745-021-00251-y
https://doi.org/10.1659/MRD-JOURNAL-D-19-00007.1
https://doi.org/10.1659/MRD-JOURNAL-D-19-00007.1
https://doi.org/10.1017/S0014479716000703
https://doi.org/10.1017/S0014479716000703
https://doi.org/10.1016/j.livsci.2012.10.007
https://doi.org/10.1111/soru.12402
https://doi.org/10.1016/j.iswcr.2017.12.006
https://doi.org/10.3390/systems7040052
https://doi.org/10.2307/3673848
https://doi.org/10.1016/j.scitotenv.2023.164373
https://doi.org/10.1016/j.scitotenv.2023.164373
https://doi.org/10.1016/j.scitotenv.2021.150112
https://doi.org/10.3390/su10093101
https://doi.org/10.1016/j.landusepol.2023.106707
https://doi.org/10.1016/j.landusepol.2023.106707
https://doi.org/10.1016/j.soisec.2022.100077
https://doi.org/10.1016/j.soisec.2022.100077
https://doi.org/10.1071/EA05037


Ramírez-Gómez et al. 10.3389/fsufs.2024.1461713

Frontiers in Sustainable Food Systems 08 frontiersin.org

Ramírez-Gómez, C. J., and Cuevas Reyes, V. (2023). Redes de información y sistemas 
de innovación agrícolas. Hacia un nuevo enfoque de la extensión rural local. Econ. 
Agraria Recursos Nat. 23, 157–178. doi: 10.7201/earn.2023.01.06

Ramírez-Gómez, C. J., Velasquez, J. R., and Aguilar-Avila, J. (2020). Trust networks 
and innovation dynamics of small farmers in Colombia: an approach from territorial 
system of agricultural innovation. Rev. Fac. Ciencias Agrarias UNCuyo 2, 253–266.

Rey-Romero, D. C., Domínguez, I., and Oviedo-Ocaña, E. R. (2022). Effect of 
agricultural activities on surface water quality from páramo ecosystems. Environ. Sci. 
Pollut. Res. 29, 83169–83190. doi: 10.1007/s11356-022-21709-6

Rizzo, G., Migliore, G., Schifani, G., and Vecchio, R. (2024). Key factors influencing 
farmers’ adoption of sustainable innovations: a systematic literature review and research 
agenda. Org. Agric. 14, 57–84. doi: 10.1007/s13165-023-00440-7

Robineau, O., Châtelet, M., Soulard, C.-T., Michel-Dounias, I., and Posner, J. (2010). 
Integrating farming and paramo conservation: a case study from Colombia. Mt. Res. 
Dev. 30, 212–221. doi: 10.1659/MRD-JOURNAL-D-10-00048.1

Ruzzante, S., Labarta, R., and Bilton, A. (2021). Adoption of agricultural technology 
in the developing world: a meta-analysis of the empirical literature. World Dev. 
146:105599. doi: 10.1016/j.worlddev.2021.105599

Sabogal, A. (2023). “The Paramo ecosystems,” in Ecosystem and Species Adaptations 
in the Andean-Amazonian Region: Traditional Land-Use Systems in Peru, 105–130.

Saleh, R., and Ehlers, M.-H. (2023). Exploring farmers’ perceptions of social 
sustainability. Environ. Dev. Sustain. 22, 1–26. doi: 10.1007/s10668-023-04140-w

Schaak, H., and Mußhoff, O. (2018). Understanding the adoption of grazing practices 
in German dairy farming. Agric. Syst. 165, 230–239. doi: 10.1016/j.agsy.2018.06.015

Shiferaw, B. A., Okello, J., and Reddy, R. V. (2009). Adoption and adaptation of natural 
resource management innovations in smallholder agriculture: reflections on key lessons 
and best practices. Environ. Dev. Sustain. 11, 601–619. doi: 10.1007/s10668-007-9132-1

Sileshi, M., Kadigi, R., Mutabazi, K., and Sieber, S. (2019). Determinants for adoption 
of physical soil and water conservation measures by smallholder farmers in Ethiopia. 
Int. Soil Water Conserv. Res. 7, 354–361. doi: 10.1016/j.iswcr.2019.08.002

Tapasco, J., LeCoq, J. F., Ruden, A., Rivas, J. S., and Ortiz, J. (2019). The livestock sector 
in Colombia: toward a program to facilitate large-scale adoption of mitigation and 
adaptation practices. Front. Sust. Food Syst. 3:61. doi: 10.3389/fsufs.2019.00061

Thompson, B., Leduc, G., Manevska-Tasevska, G., Toma, L., and Hansson, H. (2024). 
Farmers’ adoption of ecological practices: a systematic literature map. J. Agric. Econ. 75, 
84–107. doi: 10.1111/1477-9552.12545

Thompson, J. B., Zurita-Arthos, L., Müller, F., Chimbolema, S., and Suárez, E. 
(2021). Land use change in the Ecuadorian páramo: the impact of expanding 
agriculture on soil carbon storage. Arct. Antarct. Alp. Res. 53, 48–59. doi: 
10.1080/15230430.2021.1873055

Timmermans, S., and Tavory, I. (2012). Theory construction in qualitative research: 
from grounded theory to abductive analysis. Sociol Theory 30, 167–186. doi: 
10.1177/0735275112457914

Torres, M. C., Naranjo, E., and Fierro, V. (2023). Challenges facing Andean 
communities in the protection of the Páramo in the central highlands of Ecuador. 
Sustain. For. 15:11980. doi: 10.3390/su151511980

Tranfield, D., Denyer, D., and Smart, P. (2003). Towards a methodology for developing 
evidence-informed management knowledge by means of systematic review. Br. J. Manag. 
14, 207–222. doi: 10.1111/1467-8551.00375

van Winsen, F., de Mey, Y., Lauwers, L., Van Passel, S., Vancauteren, M., and 
Wauters, E. (2016). Determinants of risk behaviour: effects of perceived risks and risk 
attitude on farmer’s adoption of risk management strategies. J. Risk Res. 19, 56–78. doi: 
10.1080/13669877.2014.940597

Varble, S., Secchi, S., and Druschke, C. G. (2016). An examination of growing trends 
in land tenure and conservation practice adoption: results from a farmer survey in Iowa. 
Environ. Manag. 57, 318–330. doi: 10.1007/s00267-015-0619-5

Wordofa, M. G., Okoyo, E. N., and Erkalo, E. (2020). Factors influencing adoption of 
improved structural soil and water conservation measures in eastern Ethiopia. Environ. 
Syst. Res. 9, 1–11. doi: 10.1186/s40068-020-00175-4

Wossen, T., Abdoulaye, T., Alene, A., Haile, M. G., Feleke, S., Olanrewaju, A., et al. 
(2017). Impacts of extension access and cooperative membership on technology 
adoption and household welfare. J. Rural Stu. 54, 223–233. doi: 10.1016/j.
jrurstud.2017.06.022

Wossen, T., Berger, T., Mequaninte, T., and Alamirew, B. (2013). Social network 
effects on the adoption of sustainable natural resource management practices in 
Ethiopia. Int. J. Sustain. Dev. World Ecol. 20, 477–483. doi: 
10.1080/13504509.2013.856048

Wu, J. (2013). Landscape sustainability science: ecosystem services and human well-being 
in changing landscapes. Landsc. Ecol. 28, 999–1023. doi: 10.1007/s10980-013-9894-9

Yoder, L., Ward, A. S., Dalrymple, K., Spak, S., and Lave, R. (2019). An analysis of 
conservation practice adoption studies in agricultural human-natural systems. J. 
Environ. Manag. 236, 490–498. doi: 10.1016/j.jenvman.2019.02.009

https://doi.org/10.3389/fsufs.2024.1461713
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://doi.org/10.7201/earn.2023.01.06
https://doi.org/10.1007/s11356-022-21709-6
https://doi.org/10.1007/s13165-023-00440-7
https://doi.org/10.1659/MRD-JOURNAL-D-10-00048.1
https://doi.org/10.1016/j.worlddev.2021.105599
https://doi.org/10.1007/s10668-023-04140-w
https://doi.org/10.1016/j.agsy.2018.06.015
https://doi.org/10.1007/s10668-007-9132-1
https://doi.org/10.1016/j.iswcr.2019.08.002
https://doi.org/10.3389/fsufs.2019.00061
https://doi.org/10.1111/1477-9552.12545
https://doi.org/10.1080/15230430.2021.1873055
https://doi.org/10.1177/0735275112457914
https://doi.org/10.3390/su151511980
https://doi.org/10.1111/1467-8551.00375
https://doi.org/10.1080/13669877.2014.940597
https://doi.org/10.1007/s00267-015-0619-5
https://doi.org/10.1186/s40068-020-00175-4
https://doi.org/10.1016/j.jrurstud.2017.06.022
https://doi.org/10.1016/j.jrurstud.2017.06.022
https://doi.org/10.1080/13504509.2013.856048
https://doi.org/10.1007/s10980-013-9894-9
https://doi.org/10.1016/j.jenvman.2019.02.009

	The adoption of sustainable practices in livestock production systems in tropical Andean Páramos
	1 Introduction
	2 Research method
	3 The adoption of technology and practices in agriculture and bridges to sustainability
	3.1 Main axes in the agricultural adoption process
	3.2 Key considerations in the process of adopting sustainable and conservation practices
	3.3 An approach to the dynamics of sustainable livestock practices adoption in geographical areas of highlands and paramos: a matter of perceptions?

	4 Towards the integration of a conceptual framework on adoption, livestock, and paramo areas
	5 Conclusion

	References

