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Abstract: The concept of Agroecology is still not widely discussed in European countries.
Therefore, the aim of this review is to present a qualitative and quantitative mixed analysis of
this conceptualization based on research papers to provide initial answers to the following questions:
How has the agroecology been used in terms of social movement, science and agricultural practice
in the European countries? At which scales has it been applied? Which factors have influenced its
application? Speech analysis and multivariable techniques are applied to systematized information.
According to found results, the concept of agroecology is mainly conceived as science, then as
practice and to a lesser degree as a social movement. There is a predominance of studies at plot level,
with a tendency to include physical-biological factors; and at agroecosystem, regional and agri-food
system levels, including designers, landscapes and consumers. There is a conceptual evolution
in extensive quantitative and intensive qualitative standings when the agroecology incorporates
more factors, such as economic, social, and, to a lesser extent, cultural and political, and becomes
more transdisciplinary as a response to more complex phenomena that support the genesis and
development of this concept. In this regard, a greater balance between its conceptions (science,
practice and social movement) is recommended to achieve a better dialogue between abstract and
empirical levels.

Keywords: transdiscipline; sustainability; agroecosystems; agri-food systems

1. Introduction

Agroecology emerged as an approach to understand the ecological principles of traditional
agricultural systems, and as a discipline that defines, classifies and studies agricultural systems from
an ecological and socioeconomic perspective, fostering, through their methods and principles, the
sustainable development of agroecosystems [1,2]. Its history begins in 1928, when the concept of
agroecology was first used to describe the use of ecological methods in the research of commercial
plants; later, between the 1930s and the 1960s, several authors wrote their results of research in this
area, but without using the term explicitly [3]. Nevertheless, the field of this discipline has gained
considerable recognition in recent decades, evolving from the application of agroecological concepts
and principles until the adoption of a diversity of perspectives, which vary according to academic
content, research methods and practical applications and policies [3-5].

Although agroecology has existed for several decades, different concepts and interpretations have
emerged and been discussed in recent years, some of them interpret agroecology as a science, as a
social movement or as an agricultural practice [6]; others consider agroecology as a transdisciplinary,
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participatory and action-oriented approach [2]; and some even suggest to adopt it as a political
action [7]. According to Toledo [8], the triple dimension of agroecology makes it not only an innovative
and critical epistemology, strongly linked to other “hybrid disciplines”, such as political ecology,
ecological economics, environmental history and ethnoecology, but it also turns agroecology into a
productive practice in open opposition to the task of conventional agronomy, which is generally at the
service of large landowners and corporations as well as into a social movement linked to the demands
of small producers, peasants and indigenous peoples.

During the evolution of the application of the concept, agroecology has also changed in scale,
going from a plot or field (from 1930s to 1960s) to an agroecosystem level (1970s to 2000), and finally
a food system scale [3,6]. Recently, Wezel et al. [9] proposed a regional scale or “agroecological
territories” to characterize certain defined areas in transition towards sustainable agriculture based on
agroecological practices. This evolution has led to the generation and accumulation of knowledge with
an integrating approach that demonstrates its contribution to the productivity of agricultural systems
from their different perspectives and in their different scales of study (at plot, agroecosystem, regional
and food system level).

The contribution of agroecology as a scientific discipline has traveled from the agroecosystems
approach, where components and functions of natural ecosystems, including local knowledge and
production strategies based on ecological principles (ecological pest management, association of
crops and agroforestry systems) are suggested [10-12]; up to the feasibility of complementing the
approach of climate-smart agriculture to contribute to the mitigation and adaptation to climate change,
food security and the organizational strengthening of producers [4,10,13].

Although it is recognized that the term agroecology was used for the first time in the 1920s
and 1930s (1928 and 1930) by authors from Russia and the European Union (France, Germany
and Italy) [6,10,14], little has been systematized and mapped for the use of the concept in Europe,
as it has been in other territorial contexts, such as the case of Latin America [14], and especially
Mexico, where the agroecological benefits of many traditional practices have been systematized and
documented, as well as various research approaches in this area [14-16].

Given this background, it is necessary to document the concept of agroecology in the context
of European countries and regions: How has it been used in terms of social movement, science
and practice? What are the scales of its application? Which factors have been included in its
application? Since there is no substantial document that identifies the use and evolution of the
concept of agroecology in different European countries, causing confusion among scientists, the public
in general, and therefore in the design and implementation of policies, this document presents a
systematization and analysis of scientific documents with the purpose of giving initial answers to
these questions.

2. Materials and Methods

To find the concept, a query was made to the Scopus database on 13 December 2017, using the
word “agroecology”. The search was limited to scientific research published by European countries.
The Scopus database had a list of 574 documents (mainly articles, reviews, scientific notes, books
and book chapters) written in English, French, German, Hungarian, Polish, Slovak and Spanish.
The collected information, containing the name of the authors, title, year of publication, volume,
number, pages, affiliations of the authors, type of document, summary, link and digital object identifier
(DOI) was stored in an Excel spreadsheet. Link and DOI were used to download the complete
documents in PDF format.

The documents were reviewed, excluding papers with references to research carried out outside
the European countries, resulting in 424 documents from the period 1989-2018. For each document,
a record was created with the title, author(s), abstract, keywords and conclusions, and it was stored in
a Word file. The examination of information was conducted through a text analysis, according to the
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categories described in Table 1, and using NVivo 11 Pro for Windows software, applying the content
analysis technique [17] to textual quotations in their original language.

The categories of analysis were established a priori as science, social movement (movement) and
agricultural practice (practice), considering the concepts described by Wezel, Bellon, Doré, Francis,
Vallod and David [6].

To map the spatial distribution of the documents, the country where the research was carried
out and their main objective were identified and classified, resulting in 201 documents, out of 424
(Figure 1). The 223 documents that were excluded did not mention the place of research or they were
review papers.
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Figure 1. Spatial distribution of documents according to the use of the concept of agroecology in Europe.

The number of cited documents and the quantity of textual quotes was determined by the
categories of analysis (science, practice and movement). In this regard, the documents could contain
textual quotations from one, multiple and/or null category of analysis. Results and discussion were
obtained from relevant textual quotes, as basis to answer the questions projected in this research.

With this information, an Excel database was generated, and exported to the statistical program
Statistica® version 7 [18] to perform an exploratory data analysis [19] over the concept of agroecology
as science, practice and social movement in percentage, and the total number of documents containing
these terms by country. Subsequently, two multivariate techniques were applied to identify groups of
countries according to the use of the concept. The first was a dendrogram using the Euclidean distances
and the complex linkage algorithm [20]. Since this technique showed the conformation of three groups,
the second technique, the k-means, was applied to identify these three groups, their descriptive
statistics and their members.

We contemplate that, since the analyzed information was obtained from a scientific database,
our results may show a bias towards the category of “science”. Therefore, these findings must be
analyzed only as initial elements contributing to a general conceptualization mapping of agroecology
in Europe.
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Table 1. Description of the categories and elements for the analysis of the discourse over the concept of

agroecology in European countries.

Element Category

Description

Science

Agroecology is a scientific discipline. New and broader definitions
of agroecology [5].

Conceptualization Social movement

It expresses a new way of considering agriculture and its
relationships with society. It emerges as an environmental
movement against industrial agriculture [5].

Agricultural
practice

Agroecology is seen as the basis of an agricultural development
framework, in the sense of helping local farmers to improve their
agricultural practices as an alternative to intensive agriculture [5].

Cultivation system

Communities formed by a complex interaction of crop populations:
weeds, insects and microorganisms [21]. They integrate the
interaction of three basic components: biotic, abiotic and technology
[22].

Agroecosystem

Scale

The agroecosystem is considered a conceptual model to study the
complexity of agriculture, which considers within its structure the
socioeconomic (the producer and his family) and the productive
components (the farm, production unit, and production system)
[23].

Regional scale

Agroecological territory where: (a) there is a transition to
sustainable agriculture based on agroecological practices; (b)
conservation of biodiversity and resources is considered; (c) food
systems are embedded in the space; and (d) stakeholders support
the transition towards sustainable agricultural and food systems [9].

Agri-food system

Activities that contribute to the formation and distribution of food
products and, consequently, to the fulfillment of the function of
human nutrition in a given society and in a well-defined space and
time [24].

Physical-biological

It is related to flora, macrofauna, mesofauna, microfauna and
microbiota intervention in the mobility of the biogeochemical cycles
of the elements and the mechanical effects of animals and plants
[25].

Factors
Social, cultural and

economics

It is related to improving the rural standard of living through food
self-sufficiency, satisfaction of local needs, independence and
autonomy, endogenous development and small units, participation
and decision making, with the efficient use of goods, services
(production) and equitable distribution, without damaging the
renewal, reproduction and distribution of the agroecosystem [26].

Political

It refers to the set of stable power relationships (regulations and
legal norms) or decisions over the relationships between natural
and social processes [27].

3. Results and Discussion

3.1. Spatial Distribution of the Conceptualization of Agroecology in Europe

According to the general analysis, in Europe, agroecology is mainly conceived as a science,

followed by as a practice and to a lesser degree as a social movement (Figure 1). In this regard,
the multivariate techniques identified three groups of countries (Table 2). In the first one, there are initial
contributions, and agroecology is considered as a science (Romania, Portugal and Netherlands); in the
second, it is conceived mainly as a science, followed by practice and with marginal conception as a
movement (Switzerland, Poland, Denmark, Germany, United Kingdom, Austria and Spain); and, in the
third and more prolific group, agroecology, considered as a practice, predominates, followed by science
and to a lesser degree as a movement (Finland, Slovakia, Iceland, Ireland, Lithuania, Belgium, Czech
Republic, Norway, Hungary, Sweden, Italy and France). Similar results were reported by Wezel et
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al. [6], for the case of Germany and France. The distribution obtained by these authors and the results
of this study differ, possibly due to the expansion of the concept and the time elapsed since they
performed their studies.

The relevance of agroecology in the countries with the largest number of scientific documents,
as observed in the spatial distribution, could be influenced by the origins of agroecology in Europe,
which began in Andalusia, Spain, where agroecological thinking has become a pillar of its own
definition as scientific thought [28]. Besides, these results show an expansion (with science—practice
and practice—science tendencies in countries from Clusters 2 and 3, Table 2) of the diversification of the
concept, with a considerable multiplication. According to Toledo [8], this multi-dimensional character
of agroecology manages to respond 10 social and ecological demands to overcome a similar number
of problems caused by the crisis of modernity: (1) maintenance of biodiversity; (2) conservation of
forest cover; (3) conservation of soil and water; (4) capture of carbon; (5) suppression of agro-toxic
and transgenic organisms; (6) agricultural equity; (7) food sovereignty; (8) self-management and local
self-sufficiency; (9) fair and organic markets; and (10) knowledge dialogues and participatory research.

Table 2. Quantity and grouping of European countries according to the conceptualization of
agroecology (science, social movement or practice).

Science (%) Movement (%)  Practice (%)  1°otal Numberof

Cluster Countries Documents
Mean SD! Mean SD Mean SD Mean SD
Romania, Portugal and
1 Netherlands 100 0 0 0 0 0 2.3 1.5
Switzerland, Poland,
2 Denmark, Germany, 687 114 53 91 258 52 11 8.2

United Kingdom, Austria
and Spain

Finland, Slovakia, Iceland,
Ireland, Lithuania,
3 Belgium, Czech Republic, 31.3  19.1 9.8 12.7 58.8 20.5 9.7 16.3
Norway, Hungary,
Sweden, Italy and France

1 Standard Deviation.

3.2. The Concept of Agroecology as Science

The textual analysis and the quantity of textual quotes linked to the a-priori categories obtained
from the documents identified three axes of analysis for the concept of agroecology as science:
(1) the legal perspective; (2) the evolution of the concept of agroecology; and (3) the role of agroecology
to solve empirical problems. These axes are described below.

3.2.1. The Legal Perspective

This analytical axis is mainly oriented towards the search for an agroecological regulation, in
addition to the fact that agroecology has been integrated by multiple disciplines in which agronomy,
ecology, sociology, economics and philosophy stand out, to conform its transdisciplinary nature [29].
In this regard, some considerations from Monteduro et al. [30] are cited, emphasizing that “There is a
need to adopt a transdisciplinary approach to multifunctional agriculture in order to integrate the agroecological
paradigm in legal regulation”, while Hospes [31] suggested that “Agroecology as a transdisciplinary field
of studies of agroecosystems can benefit enormously from the use of a legal pluralistic perspective on law,
social fields, and sovereignty in four different ways: by exploring the interconnectedness of different legal
systems and normative orders with agroecosystems, by studying how agroecosystems are linked to one or more
semiautonomous social fields” .
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In this analytical axis, agroecology has not yet developed instruments and approaches to elaborate
state and regional strategies where the political and institutional aspects could play a key role within
the transdisciplinarity [7]; therefore, the legal aspects are outside the research lines of agroecology,
a missing linkage that must be included, as Monteduro suggested [32]. In this sense, this research
was able to identify its pertinence in the context of agriculture and the relationships between law
and agroecology as disciplines, which allowed adopting a transdisciplinary approach to integrate the
agroecological paradigm into legal regulations [29] and contribute with the models of the old law
system (specially the Roman law) to the agroecological research [33]. This way, the agroecological
importance of an administrative programming and planning instrument is represented by Rural
Development Programs, although little has been investigated by legal doctrines [34]. In regard to
this situation, Monteduro [32] suggested that a law of sustainable agricultural ecosystems should be
developed in which the entire field of environmental law should be reconsidered and reconstructed as
a general and special law where ecosystems are considered as providers of diversified public services.

3.2.2. Evolution of the Concept of Agroecology

In this analytical axis, it was found that agroecology, in its attempt to achieve food security and
sovereignty, has proposed the convergence of different disciplines, becoming a transdisciplinary field.
In this context, agroecology has gone from dealing only with the ecological aspects and the farming
system, to the point where political and social aspects are involved in the foreground. In this regard,
we take the opinion of Sanderson Bellamy and loris [35], who mentioned that “Agroecology has been
conceptualized as a farmer-led countermovement against the modern agri-food system based on the holistic
practices of agroecological food production (local, participatory and action-orientated) alongside the principles of
sustainability and autonomy in food production”.

Both the transdisciplinary nature and its three-dimensional approach (science, practice and
movement) have transform agroecology into a way of collective actions against the dominant agri-food
regime, creating alternatives towards food sovereignty [36]. This has led to rethink the scope of
agroecology and therefore, to evolve the scientific thinking of the concept. In this way, the new
approaches to production, grouped under the term “agroecology”, are not only based on the modern
advances of agricultural sciences, but also on the traditional knowledge of rural populations [37].
In this respect, Meynard [38] manifested that “Agroecology has become an innovative project, positioning
itsetf in the action, and in the fields of natural, economic and political sciences. Agroecology lead us to explore
new fields of knowledge at the interfaces between disciplines, the agronomic impacts of biological regulations or
the socioecolgical systems” .

With the above mentioned, it is identified that agroecology is a young field of environmental,
social and political-economic activity, with debates and definitions that are evolving. Although the
agricultural science predominated in its origin, it has become a transdisciplinary field in which political
and social issues are now becoming more important [35]. In this sense, agroecology focused initially
on crop systems, then on agroecosystems and finally on the broader agri-food systems, in response to
the problems derived from an increasingly globalized and industrialized agro-food system [28].

3.2.3. The Function of Agroecology to Solve Empirical Problems

In this analytical axis, it can be seen that the evolution of the concept of agroecology and
agroecological thinking has transformed the dimensions of agriculture, beginning from its ecological
and environmental aspects until the need to address agricultural and rural development processes
to reach sustainability; therefore, agroecosystems need high quality production to face the current
context of agriculture. For these reasons, Bergez et al. [39] suggested that “Due to significant changes in
agro-ecological contexts, farmers need new solutions to produce goods”. Struik and Kuyper [40] mentioned
that “We argque that sustainable intensification should be considered as a process of enquiry and analysis for
navigating and sorting out the issues and concerns in agronomy”.
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Given that agriculture currently faces major challenges, there is a need to guarantee various
ecosystem services in addition to food production. In this regard, ecological intensification contributes
to the use of biological regulations in order to properly manage agroecosystems at their various
scales [41,42]. An approach to identify and design land systems oriented to the future is also
indispensable, where options for strategic decision making regarding land use policies should be
under consideration [43]. Therefore, it is essential to develop future strategies compatible with
the environment for the use of land, and achieve agricultural productivity and sustainability by
improving information over agroecosystems [44]. The need to address development processes towards
sustainability requires innovative farming systems that lead to high quality production and limit the
use of chemical products to meet the challenges of agriculture [45]. Accordingly, the sustainability
of the farm can only be achieved through adaptability and change, considering resilience thinking
with its focus on the interdependence of social and ecological systems [46], which guarantees the
maintenance of sufficient and nutritious food production against chronic and acute environmental
disturbances [47].

3.3. The Concept of Agroecology as Agricultural Practice

The ultimate goal of agroecology is to contribute to sustainable agricultural and rural development;
thus, an intermediate goal as a practice is to contribute to improve agricultural practices as alternatives
for conventional agriculture. In this sense, during the analysis of agroecology as a practice, three
important elements were found: (1) crop production; (2) animal production; and (3) landscape diversity.

3.3.1. Agroecology as Agricultural Practice in Crop Production

Some authors mention that agriculture in Europe has gone from conventional agricultural systems
that depended on high inputs of toxic fertilizers and pesticides (which are a threat to human health
and the environment), to sustainable production systems that are currently being developed as more
secure alternatives. For example, organic and low input systems, which use mechanical and biological
methods, instead of toxic substances to control plagues [48]. This is similar to the case of Spain with
the Integrate Pest Management (IPM), or the case of France that has tried to adopt agroecological
innovations aimed at reducing the use of pesticides for banana production in the French Antilles [49].
In this regard, Rusch et al. [50] reported the positive and practical effects of the ecological intensification
through the heterogeneity of the landscape in the biological control of vineyard pests, maintaining that
the monitoring of these practices by farmers is an original approach that seeks to identify and analyze
alternative systems and supports the development of these techniques. According to Phocas et al. [51],
agroecology uses ecological processes and local resources instead of chemical inputs to develop
productive and resilient systems.

3.3.2. Agroecology as Agricultural Practice in Animal Production

This research found that agroecological practices focused on livestock production are mainly for
the management of sheep, cattle and swine. For example, in the case of the mountainous areas of
the French Mediterranean, farmers depend on various resources to feed their animals and the way in
which they combine these resources plays an important role from an agroecological perspective [52].
It is documented that in the French mountainous areas there are internal and contextual factors
that influence the restructuring of dairy production. Among these factors are the size of the farm,
the corporate legal status and the level of specialization, which are positively associated with farm
growth rate, also highlighting viable diversification strategies through agricultural processing or the
contracting of agro-environmental schemes [53]. Another aspect referring to agroecological practices
was analyzed at a mountainous site in France, finding a potential contribution of livestock farms in the
management of the invasion of shrubs, by implementing a variety of appropriate management and
feeding practices of livestock and soil conservation [54].
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In the case of cattle farming, and in response to the fact that this activity has been judged as one
of the main contributors to environmental deterioration due to the use of unsustainable technologies
and the emission of greenhouse gases into the atmosphere [55,56], some research was found to revert
this problem. One study conducted in Sweden, Denmark, France and Italy revealed that changes
in manure management (separation and incineration of the solid fraction) could induce significant
changes in CH4 and N,O emissions, as well as carbon sequestration [57]. Other investigation over
the systems of organic cattle farms in the northwest of Europe demonstrated how the special organic
conceptions of animal welfare, related to the general principles of organic agriculture, can contribute to
cattle producers understanding the behavior and natural needs of animals in the context of agricultural
systems; for example, feeding ruminants as ruminants and not as monogastric organisms [58].

3.3.3. Agroecology as Agricultural Practice in Biodiversity and Landscape

Another important objective of agroecology is to promote diverse biological communities
considering the important role of soil biodiversity for their operation [59]. In this sense, it is proposed
that the integrated or agroecological agricultural systems should be based as much as possible
on the services provided by the agroecosystems according to their principles and characteristics;
for example, a condition that can reinforce ecosystem services is to recapitalize ecosystems by investing
in soil organic matter (humus) and ecological infrastructure [60]. In the case of Spain, the use of a
support system for land evaluation decisions was reported. This system considers the multifunctional
evaluation of soil quality using data collected from surveys over land use, and based on them, it designs
the most sustainable land use and management practices for Mediterranean referenced sites located in
the province of Seville [61]. The author of this document concludes: “This agro-ecological approach can
be especially useful when formulating soil-specific agricultural practices to reverse environmental degradation,
based on the spatial variability of soils and related resources” .

Another relevant aspect was discussed by Salliou and Barnaurd (2017) over the case of an apple
production area in the Southwest of France. It was found that, in most natural resource management
situations, potential agroecological means considering the importance of the complexity of landscape
and the natural enemies to control plagues and reduce the use of pesticides, are not necessarily
considered as resources for their potential users (agricultural producers), since in some cases they
were perceived more as a source of pests [62]. In this sense, for the European context, it has been
recommended to implement agroforestry strategies as key elements for agriculture and food security to
optimize sustainable intensification and balance the competitive demands over land for the production
of food and energy. At the same time, the provision of ecosystem services is guaranteed and yields
are maintained or increased [63]. The approach of agroecology to positively impact biodiversity and
the agricultural landscape is a fundamental characteristic of agroecology that has allowed it to be
considered as one of the epistemological currents of sustainability, with a greater contribution to the
design, management and evaluation of the agroecosystems [55].

3.4. Agroecology as Social Movement

The use of the concept of agroecology as a social movement has been strongly influenced by
environmental movements against agricultural industry [5], and, in the case of Europe, research
documents mainly address two aspects: (1) transgenic and environmental problems; and (2) food
security and sovereignty.

3.4.1. Transgenic and Environmental Problems

Coexistence measures between genetically modified and non-genetically modified crops at farm
level are considered an essential part of European policies to guarantee the freedom of choice of farmers
and consumers. Suitable coexistence measures should not tip the balance against GM crops or distort
farmers’ decisions to grow them or not [64]. In this sense, advocates of biotechnology have begun to call
environmental movements to abandon their campaigns against genetically modified organisms and,
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in the case of organic agriculture, to reconsider their exclusion from genetic modification [65]. On the
other side, agricultural law and environmental law are two different legal branches, with common
points between the two (agricultural law regulates environmental protection and environmental
law regulates agricultural pollution) [66]. The Italian Constitution is an example where the issues of
environment, agriculture, food and landscape have always been divided into legal terms and, therefore,
into sectors [67].

Regarding environmental problems, it has been documented that ecologists through experience in
agricultural systems can understand, recognize and sometimes predict, at least qualitatively, the effects
of pesticide applications, fertilizer use patterns, altered drainage, new crop elections and crop rotation,
modifications of agricultural habitats, populations of edaphic macrofauna, demographic changes
and the consequences of altering prey—predator interactions [68]. These experiences can be found in
French agriculture, where emissions of greenhouse gases, water and soil pollution, the use of natural
resources, land use and animal and plant biodiversity are addressed [69]. Another problem of great
importance is contextualized in the European agrarian history, which lies over the hypothesis of the
privilege of the privatization of land and the uses of water [70].

3.4.2. Food Security and Sovereignty

The search for food security and sovereignty as an essential part of agroecology was an essential
element that emerged from the analysis of the documents regarding the use of the concept as a social
movement for the European context, manifesting the need for a transformation of the agroecological
territories in this sense. The documents reveal the society’s concern for a production and consumption
of safe and sufficient food that improves market demands. In this regard, Tommasi [71] highlighted
the following: “We can demonstrate the need to regulate agricultural activity in a way that goes beyond the
demands of market logic. We must also recognize the importance of standards in agri-food law that enables
consumers to make informed choices. In contemporary society, consumers often choose products not only for
their quality or price but on the basis of other intangible values”.

Other studies report that rights for healthy eating, responsible consumption, access to land,
preservation of agricultural ecosystems and depopulation of rural areas have been some of the issues
discussed in the core of the agroecological movement [72]. In addition, small-scale agricultural
production is part of the market-oriented reforms, the appropriation of agrarian, peasant and
transnational movements [73]. From there emerges the discussion over the problem of access to
food and high fuel costs, which represents the latest in limits and crises that have been transcended by
capital, as the relationship of capital, capitalism and the agricultural revolution, which manifests itself
as an increase of agricultural production costs, energy production and other primary sectors [74]. In a
particular case in Norway;, it was reported how producers and consumers participated in Community
Supported Agriculture (CSA). Which is seen as an act of transformation towards changes in the
food system, generating in these social actors different values and motivating them to the desire
for a production and food system compatible with the environment, justice, health, participation
and communication [75]. These actions highlight the demand for food sovereignty and the use of
agroecology as an horizon for a transformation in the organization of rural territories [72].

3.5. Scales of Agroecology Analysis

3.5.1. Farming System

In this scale, investigations are directed to the following aspects: pests, diseases, management
and yield of crops, biodiversity, soil practices, seeds, genetically modified organisms, energy, nutrients,
crop modeling, use of mycorrhizae, biofertilizers and ecological factors (altitude, soil condition,
temperature, precipitation, soil pH and texture, etc.). The farming system scale is related to physical
and biological factors, both as part of the first level of analysis of agroecology. This way, the concept
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of agroecology presents mostly basic research works. In contrast, the text quotes how some authors
address these issues:

“But, spatial variability analyses of the influence of plant cover technics, surface waste management,
direct sowing and diversity of crop rotation in France show that these technics are practiced
independently of each other, with distinct spatial logic” Laurent [76].

“In this study, we evaluated how the ranking of systems changes when different metrics of agricultural
production (economic gross margin vs. energy output) and resource use (nutrients inputs and
surpluses, fossil energy inputs, economic costs) are used” Castoldi and Bechini [77].

In this scale of agroecological research, the diversity of living organisms has long been the pillar of
agricultural activity and its innovations. However, since the end of the 19th century, particularly
in the industrialized countries, the increases in yields have been based on new technologies that
deny the biological reality of agriculture and end up artificializing agricultural environments [37].
This situation has changed the links between agriculture and environment, which was reflected in the
dynamics of agricultural research that have been questioned by environmental problems, although
certain frontier research remains strong [78]. The findings show the main attention over crops, such as
cotton (Gossypium sp.), Cacao (Theobroma cacao), grasses, vines, legumes, cauliflower (Brassica oleracea),
amaranth (Amaranthus), rice (Oryza sativa), sunflower (Helianthus annuus), beans (Phaseolus vulgaris),
corn (Zea mays), wheat (Triticum spp.), oilseeds, tomatoes (Solanum lycopersicum), coffee (Coffea sp.),
sugar beet (Beta vulgaris), potato (Solanum tuberosum) and rapeseed (Brassica napus), just to mention
some that are important as food (human and animal). Given this relevance, some authors emphasized
that more research is needed for a better understanding of the environmental parameters that affect
the efficiency of these products, particularly in agricultural crops [79]. Since they considered that,
with an agroecological approach, the present problems could be solved, as ecosystems reflect an image
of stability and resilience frequently attributed to their complexity and the rich pattern resulting from
connections between species [80].

Besides this, a connection was identified between the authors of the analyzed studies, who
perceive and visualize a more organic and ecological agriculture, directing their proposals towards
the futuristic achievement of agricultural sustainability. For example, Alaphilippe, Simon, Brun,
Hayer and Gaillard [48] perceived that conventional agricultural systems depend on high inputs of
toxic fertilizers and pesticides that pose a threat to human and environmental health. They argued:
“Such issues are rapidly changing agriculture in Europe. As a consequence sustainable production systems are
currently developed as safer alternatives, for instance organic and low-input systems use of mechanical and
biological methods versus toxic substances”.

Considering these findings, some results suggest that organic agriculture performs better than
conventional agriculture for almost all types of crops when the use of energy is expressed in a unit
area [80]. Some works have been concerned with the identification of underlying ecological processes
and management strategies related to the parallel provision of ecosystem services, food production
and regulatory services [81]. Hence, it is observed that the disciplines in the field of research, at the
scale of the cultivation system, act as facilitators of scientific information and generators of knowledge
of a variety of crops, which can validate their results in a framework of public policies.

3.5.2. Agroecosystems

The scale of analysis of agroecosystems within agroecology has been used to a lesser degree
and, usually, it has been observed that agroecosystems consider only physical and biological aspects.
However, we have analyzed that nowadays the scale of agroecosystems as a unit of analysis is studied
from the Systems Approach, considering not only of the basic aspects of ecology, but also social
and political aspects in the context of decision makers (farmers) in the agroecosystem. This leads
to reconsider what some authors share, more in the sense where agroecology was initially focused,
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on agroecosystems, and then, on the broader agri-food systems, in response to the problems arising
from an increasingly globalized and industrialized agri-food system [28]. Therefore, rethinking the
scope of agroecology and evolving the scientific meaning of the concept [82].

“The agroecosystem concept is regarded as an epistemological tool for creating an ontology or
representation of agriculture based on a systems view” Caporali [83].

It is highlighted that, at this scale, the term “agroecosystem” is perceived by some authors as a
construct of analysis to mark patterns of action in agroecology; on the other hand, it is focused on
the conservation of natural resources and linked to a political agroecology that address sustainable
agroecosystems. According to the reviews, they are those that tend to have a positive impact on
natural, social and human capital [84]. They can be addressed in a fruitful way within an analytical
framework that considers agricultural development as a balance between co-evolution processes
that involve agriculture and the surrounding ecological and socio-economic systems [85] to achieve
an understanding of the benefits of ecological and agronomic management, its manipulation and
redesign [86]. Regarding to this definition, Molina [7] indicated that there is a narrow relationship
between the dynamics of the agroecosystems and political factors. Therefore, in the agroecological
transition of agriculture, political agroecology plays a crucial role.

3.5.3. Regional Scale

A regional scale is considered as an intermediate scale between agroecosystem and food system.
It incorporates a landscape approach to the farm or production unit, defining a larger unit of analysis
where agricultural and non-agricultural activities are integrated [8]. At the regional scale, some authors
analyzed agroecology with a focus on territorial aspects, towards the use and price of land in rural
areas, strongly linking these aspects to the need for the creation of agricultural public policies. Here,
we identified four elements as quadrants that make up this scale: (1) natural resources (landscapes,
soil conservation, pollination, and native varieties); (2) socio-economic impacts; (3) sovereignty and
(4) human activities. All of these cause a positive or negative impact in the struggle for a sustainable
agriculture. In this sense, Trabelsi et al. [87] suggested that “The process of transition to agroecology must
be assessed rigorously and be appropriate for the specific conditions of the production systems and the territory”.
Other authors also contribute with research as the following examples:

“This paper contributes to the development and operationalisation of a methodology for land use
planning and policy analysis that integrates agro-ecological and agro-economic information in such
a way that it can assist policy makers in formulating and evaluating policy options at sub-regional
level” Mohamed et al. [88].

“This paper has two objectives. The first one questions todays” roll of local agriculture over
sustainable development of rural spaces, and the second, to what extent they build a movement
to return agriculture to the territory, in a way that this fosters new relationships between
both, expressed in different ways of producing, new objectives and new ties with the territory”
Ramirez-Garcia et al. [89].

In this research scheme, it is important to know which interested or involved parties have influence
over the local or regional land use decisions [90]. The achievement of a sustainable agriculture is a
function of the decisions that each interested party considers and the available benefits for each one.
Here, the analysis of agroecology, at a regional scale, requires an interdisciplinary approach for the
relevant aspects of agricultural production linked to interactions between natural processes, human
activities and the environment; subsequently, with this interdisciplinarity, a condensed and complete
knowledge can be achieved at field, landscape and global level [91].

Regardless of the level of organization that is considered within the approaches of agricultural
systems, agroecology invites us to address co-evolutions or metabolisms in socio-ecological
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systems [78]. Agriculture can be oriented towards sustainability following a development path
that improves co-evolutionary processes at the municipal level, influences many related systems
and processes in the short and long term, uses knowledge of traditional agriculture and prevailing
conditions, and complies with the principles of sustainable agriculture, useful to take actions and
facilitate their interactions [85].

3.5.4. Agri-Food Scale System

We found that this scale is focused on the search for food security and sovereignty, and that, to
achieve this, its relationship with sustainability is of the utmost importance, highlighting political
relevance and divergence with the different actors that regulate it, where the agricultural sector is
usually the most affected.

Global soil quality and food security continue declining, indicating that agriculture and the
food system must be adapted [92]. To address the global challenges of food supply, biological and
cultural diversity, climate change and social justice, there has been a continuous discussion between
stakeholders about the future development of agricultural and food systems [93]. In this sense, some
authors argued that agricultural ecosystems face the challenge of producing more products with fewer
inputs simultaneously to satisfy the demand for more food and reduce the global environmental
impact of agriculture [94].

“We claimed for a sustainable food system, that they are necessary not only for the health of European
agroecosystems and the well-being of the farmers but also for the food autonomy of countries whose
production is overturned too much to meet the European demands of animal feeding and to maintain
an unsustainable diet” de Molina Navarro [95].

The agri-food sector requires a comprehensive and intersectoral policy that can meet
environmental protection needs, depending on the socio-cultural context at a given time [71]. In this
aspect, tendencies over food sovereignty are detected to assume a crisis of the nutritional regimen,
where a romantic optimism arises on agroecological knowledge promoted by farmers, although
it is lacking of modern science [96]. Migliorini and Wezel [93] emphasized that approaches to
organic agriculture and agroecology offer promising contributions for the future development of
sustainable agricultural production and food systems, because they are based on holistic approaches,
that encourage the transformative approach of food systems, include social problems and prevent
the risk of conventionalization. In the same context, in a global analysis of the epistemological
currents of the concept of sustainability, the technical-biological perspective was considered through
its agroecological approach, as the one with the greatest contribution to the design of sustainable
agroecosystems. This is even more relevant if its application transcends from a scale of farming system
to a scale of agri-food system that incorporates socio-cultural aspects (e.g., traditional knowledge) [55].

3.6. Factors of Analysis of Agroecology

3.6.1. Physical-Biological Factors

The physical-biological factor focuses on research linked to the conservation of natural resources;
these studies considered biodiversity and landscaping, as well as emphasized the implementation of
agricultural practices and livestock oriented to the use of organic fertilizers and an adequate capacity
of the systems to provide high productivity. In this context, Dufumier [97] pointed out that “Some
agricultural systems based on agro-ecology are already available in order to increase significantly the yields per
hectare without excessive use of fossil fuels and pesticides”. In addition, Martin and Willaume [98] reported
over one comparative case study of 10 dairy farms in France with respect to their ways of adapting
to climate change (specialization and intensification, eco-efficient intensification and agroecological
transition): “Our results show that an agroecological transition reduces GHG emissions the most while farmers’
incomes were not negatively affected indicating that the cost of associated mitigation options is affordable
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for farmers. The two dairy farms following this transition had the lowest product-related and area-related
GHG emissions” .

In this context, the ecological functions can be intensified to obtain a higher biomass production
from the agroecosystems and the environment, in a way that has to be compatible with the principles
of ecological viability [99]. In front of these results, the scientific findings, for example of landscape
ecology, suggested that complex landscapes favor the biological control of insect pests by conserving the
habitats of their natural enemies [62]. Faced with the fact of confronting modern societies, some authors
mentioned that farmers should not only be efficient in food production, but also ensure that ecological
services (pollination, pest control or conservation of biodiversity) are effective, which raises the need
to reconsider the role of the environment by redesigning or evaluating the agricultural systems [78].

Based on the above, ecology is considered an essential discipline of agroecology. A clear example
is shown in situations of high uncertainty (in changing climates), where environmental stresses on
ecosystems are interactive, and the management or restoration of the ecosystem must adapt itself to new
technologies. In this sense, some authors mentioned that this is research work of environmentalists [68],
identifying ecology as a base discipline for the agroecological analysis linked to the conservation of
flora and fauna, considered as the potential of ecosystem services. At the same time, they are aware
of the influence of this discipline in the socio-economic and political sectors. On this matter, some
elements of the authors are quoted:

“Four series of indicators were considered in this paper: indicators of habitat quality for grassland bird
species, indicators of risk of disease in oilseed rape crops, indicators of risk of pollution by nitrogen
fertilizer, and indicators of weed infestation” Makowski et al. [100].

“There are increasing calls to base farming and agricultural research policy on ecological principles.
One such principle, the relation between crop species diversity and stability, is reviewed” Wood [101].

This demonstrates that research considering physical-biological factors in agroecology is directed
at a better integration of agriculture and biodiversity for the design of systems capable of combining
production with a healthy ecosystems state. It is for this reason that the choice of an agricultural system
and its relationship with the biodiversity is linked to the values of a society, not precisely ecological,
and the challenge for a researcher is to combine scientific quality with a reflective conscience [102].
Agroecology is then considered an innovative project linked to the field of the natural, economic and
social sciences, as well as to aspects of political actions [7,28], which encourage us to explore over the
interface of these disciplines [38].

As part of this disciplinary interaction, something interesting has been found that is worth
mentioning: research and policies aimed at the conservation of biodiversity in agricultural ecosystems
are regularly less successful than expected [103]. It is thus emphasized accordingly that the general
part of the law on ecosystems must determine the common legal principles that are valid to protect
all ecosystems. Besides that, this law must be divided into homogeneous areas, corresponding to the
different types of ecosystems according to the classifications of ecology [32].

In other words, although physical-biological factors are part of the first level of analysis
in agroecology, they nevertheless consider political aspects, such as environmental laws and
environmental movements. These aspects are related to the integration of agriculture and biodiversity
through conservation.

3.6.2. Social, Economic and Cultural Factors

In this classification, we recapture the idea from which the agroecology has passed from seeing
only the ecological and cultivation aspects of the system, up to the point in which the political and
social aspects are involved in the forefront, which leads us to consider the following factors of analysis:
social, economic and cultural.

Most of the previous things are linked to agroecological practices. In this sense, Garini et al. [104]
indicated “Therefore, agroecological practices are being proposed as viable and desirable alternatives. Biophysical,
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economic, social, and political factors, matched with farmers’ psychological attributes, may all be governing the
choice of agricultural practices”. In France, researchers and policymakers are calling for the agroecological
transition of livestock and they are facing technical, economic, social and cultural obstacles [105].
In Catalufia, Spain, Guirado Gonzalez et al. [106] demonstrated that the contribution of social
agriculture to the provision of care services and to local development in rural and peri-urban areas is
given through the construction of new economic and organizational practices and the strengthening
of the agroecological paradigm. In this context, agriculture in a wider sphere is not only economic,
but also social and cultural [29].

Concerning agroecological practice and thinking, civil society organizations have facilitated
the link between researchers, scientists and social movements [107]. However, only family farming
systems established in its local environment will be able to make the best use of the natural productive
potential [97]. In this regard, Duru et al. [108] visualized a framework of a system of actors in which
their behavior is determined by the norms and formal and informal agreements, interacting through
the technology, with the resources of the farm, the landscape and the agri-food chain. This leads us to
think that the scientific knowledge (whose aim is to promote sustainable development), which consists
in the application of principles for the management of complex systems, also requires an accurate
knowledge of the situation and the participation of the actors in the situation, to understand and
value the local context, as well as the practices of the actors [109], to promote individual and collective
learning as a source of innovation and adaptation to local situations [38].

3.6.3. Political Factors

The political factors considered in the analysis of agroecology are strongly linked to the
agroecological movement and to agricultural and rural development. For the first, Europe is extending
the agroecological movements through many local experiences that are linked to political processes.
Gonzalez de Molina [7] suggested that there must exists a theoretical base showing why agroecology
must involucrate political issues. In this sense, Garini, Vanwindekens, Scholberg, Wezel and Groot [104]
argued that “Public policies can play a significant role as they can stimulate the adoption of innovative farming
practices”. In the case of the United Kingdom, the evaluation of genetically modified crops was reported,
not only from the ecological point of view, but also including political reforms [68].

Another example that serves as an argument to the previous one is that the origins of the
Agroecology in Europe were in Andalusia (Spain), and it was through social and political processes
that there was a very important contribution to the thinking of agroecology, becoming one of the main
pillars of its own definition as a scientific approach [28]. In the reflection of other authors, it is in this
political context in which agroecology can play different roles, contributing to adjust the dominant
regime or to transform it, using specific empowerment strategies [36].

On the other hand, and considering that the agricultural and rural development depends in large
part on the implementation of the policies, agroecology in the rural development is being driven by the
practices of farmers, whom the policies affect and, therefore, in the practices of the policies. To argue
this idea, we discuss and describe different cases in European countries. For example, since Swedish
farmers rely on subsidies and payments from rural development programs, many are very critical
of their program, especially those with animals and semi-natural pastures, mainly because of the
tension and opposition between the practical work of agricultural management and the relatively rigid
interventions from the support scheme [110]. In the case of Sardinia, Italy, inadequate implementation
of agricultural policies led to the clearing of the macchia mediterranea (a type of shrubland) together
with the creation of new pastures, which has been an important factor in land degradation, intensifying
tillage and water erosion [111]. In France, the milk policy threatens the future of the production,
particularly in areas with a low density of milk and without production, therefore, the current policy
of rural development could be insufficient to support the long-term sustainability of the farms [53].
In Denmark, Finland, Iceland, Norway and Sweden, factors such as mechanization and the Common
Agricultural Policy of the European Union have affected the composition, diversity and abundance
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of the flora of weeds by the increased levels of fertilization and the application of herbicides over
time [112]. This common agricultural policy has resulted in the recognition of the importance of
maintaining agricultural land of high natural value, constituted by complex socio-ecological systems
that depend on agricultural practices [113].

3.7. Links between Analytical Categories of Agroecology

Regarding the document distribution from where the textual codifications and the analytical
categories emerged, it was found that more than 50% were focused on agroecology as science, a third
part as an agronomical practice and a lower percentage as a social movement. With regard to the scale,
the higher number was on farming systems, followed by the regional scale and in smaller percentage
agroecosystems and agri-food systems (with similar percentages in these last two). Based on this,
there is a direct relationship between the percentage distribution of the documents and the categories
of analysis with textual quotations, considering that the amount of textual quotations based on the
categories of analysis allowed documents containing textual quotations from a multiple and/or no
analysis category (Table 3).

Table 3. Coverage of the analytical categories according to the documents analyzed and encoded elements.

Analvtical Categor Percentage of Percentage of Encoded Elements
y gory Documents Analyzed (Textual Quotations)
Science 55.9 55.3
Conceptualization Social movement 135 134
Agricultural practice 30.5 31.2
Farming system 42.2 42.1
Agroecosystem 14.9 15
Scale Regional 29.1 294
Agri-food system 13.8 13.5
Physical and biological 59.2 58.4
Factors Social, cultur‘al and 2.1 265
economic
Political 14.7 15.1

When analyzing the relationships of textual quotations (codified elements) among the ten
categories of analysis, it turned out that only the concept of agroecology as science was linked to all
categories of scales and factors. The agricultural practice was not linked to the category of agri-food
systems, and for the case of movement, it did not show relationships with the physical-biological
factors and the crop system scale (Figure 2). This narrow relationship of agroecology as science with
all the scales and factors is explained due to the evolution of the concept, because agroecology has
been supported by different disciplines until it became a transdisciplinary field. Agroecology has gone
from dealing only with ecological and farming systems, to considering that political and social aspects
should be involved from the beginning. It has surpassed the ecological perspective, until reaching
to consider different approaches related to the scales and factors of analysis, like those that describe
Wezel, Bellon, Doré, Francis, Vallod and David [6], who pointed out that agroecological research is at
plot, field, agroecosystem and agricultural scale until considering the agri-food system. Meynard [38]
described that agroecology is an innovator project, which simultaneously deals with natural, economic
and social sciences, as well as with political action. This situation allows exploring new fields of
knowledge on the interface of these disciplines over the agronomic effects of the biological regulations
and the social systems.
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Figure 2. Relationships of the conceptualization of agroecology (science, movement and practice) with
the scales and analytical factors.

The concept of agroecology as “practice” is related to three factors (physical-biological,
socio-cultural-and-economic, and political), and with three scales (farming, agroecosystem and regional
level). Figure 2 shows the interaction between these analytical categories marking a central trend,
which is the impact of the scales and factors over the realization of different agricultural practices.
For example: (1) when the relationship of the socio-cultural and economic factor determines the type
of practices that will be performed; (2) the physical-biological factor determines the dimension of the
practices; and (3) the political factor establishes a diversity of agronomic practices to facilitate support
programs to impact on agriculture and society in general. The relationship practice—crop system is
based on the function of the crop that the producer has handled; the interaction practice-regional
scale is related to the nature of the benefits that can bring to a given territory. The relationship of
the agroecosystem scale is interpreted as a support frame for the agroecology, where the work of the
farmer and the type of production are identified. These results indicate that the degree of difficulties
in the European context have increased [39]. These authors manifest a level of complexity where
agroecology has a major challenge (regarding agronomical practices): to improve and to generate
impacts over rural and regional agronomic development, and to address sustainable development
process [46]. Of course, agricultural practices go together with generation of knowledge, and for
obvious circumstances, with the problems related to agriculture, which can trigger the movements
(social, scientific, etc., just to mention some).

The concept of agroecology as social movement was linked with the regional, agroecosystem and
agri-food system scale. In regard to the factors, it was linked with the social, cultural, economic,
and political factors (Figure 2). Considering the previous, agroecology as movement is highly
influenced by the environmental movements of the regional agroecosystems and the agri-food systems.
In this sense, the goal of agroecology is to achieve the security and food sovereignty, since this has been
the essential part of agroecology as a movement searching for sufficient production and consumption
of safe food to improve the demands. In this part, the social, cultural, economic and political factors
are involved.

Highlighting that the origin and evolution of agroecology in Europe was through very marked
social and political processes, making a very important contribution to the agroecological thinking [28].
Such processes or socio-political factors are very linked to agroecology as a movement. The social
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foundations of agroecology as scientific discipline and social agrarian movement have their origins
in the impact of agricultural modernization, triggering a way of thinking and social movements that
started since the 19th century [37]. If we consider that agroecology has also been a countermovement
led by farmers against the modern agri-food system [36], the scales and factors of analysis of
agroecology as a social movement contribute to the scientific debate, decision making and empowering
of the farmers, contributing to the thinking and agroecological movement,

4. Conclusions

The development of the conceptualization of agroecology in the European countries is
heterogeneous, predominating science, followed by practice and to a lesser degree as a social
movement. According to the number of research documents and to the percentage of uses of the
concept, we identified three groups of countries. A little group with initial contributions completely
directed to science; a second group with tendency to science, followed by practice, and a little marginal
to movement; and a third and more prolific group, where the practice was predominant, followed
by science and to a lesser degree as movement. It is evident that the main conceptualization has
contributed to the consolidation of the transdisciplinary character of agroecology; however, the absence
and necessary linkage of disciplines addressing the legal aspects are noted.

In this context, a different agroecological evolution stands out for the case of Latin America
and the Caribbean, where the changes of scientific and technological paradigms occur in constant
reciprocity with social movements and political processes, emerging progressive governments and
peasant resistance movements.

The main scale where the concept of agroecology has been applied is at the level of farming
systems, followed by regional level, agroecosystems and, finally, agri-food systems. In the first one,
organic agriculture is prevalent, making clear the close relationship of the concepts of sustainability
and agroecology. The regional scale is focus on the use of the land, biodiversity and landscape, with an
interest in translating sustainability issues to agricultural policies. With respect to the agroecosystem
scale, an application of the systems approach was found, considering ecological, economic and
political aspects. Finally, the agri-food system scale reinforces the global sense of agriculture from
an agroecological perspective, observing the coexistence with other disciplines and emphasizes an
interdisciplinary approach, where socio-political aspects are addressed, involving guarantee of food
sovereignty and security. According to the scales of the use of the concept of agroecology, it has
transcended from a farming system to an agri-food system, without losing its autonomy as a research
with focus between both scales.

For research papers, the main factor of analysis was physical-biological, with research linked
to the conservation of the natural resources, biodiversity and landscape. The emphasis is placed in
efficient practices for agriculture and cattle, oriented to increase productivity and, at the same time,
being compatible with ecological viability to contribute with the main challenge of farmers, food
production guarantying ecological services. In these investigations, ecology is the base of agroecology.
Social, economic and cultural factors have taken relevance, going from dealing only with ecological
aspects until including social and cultural aspects, giving a better context to the agri-food system.
The inclusion of the studies of political factors is closely linked to the agroecological movement
and the call for a sustainable agricultural and rural development. In this aspect, the extension of
agroecological movements in Europe is given by local experiences and policies, such as the case of
transgenic organisms, which are involved in ecological issues.

In general, the conceptualization of agroecology, the levels of study (or scales) and its implicit
analytical factors, show an evident evolution with qualitative and quantitative (in intention and
extension) improvement. This was possible because agroecology went from the scale of farm systems
to the scales of agroecosystems and agri-food systems, including more and more economic, social and
cultural aspects. However, some political aspects are still missing. This consolidation in the concept has
allowed the implementation of efficient agroecological practices in agriculture, cattle and landscape,
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directed towards sustainability. All these aspects make agroecology a transdisciplinary science, with
society—nature as study unit. Therefore, this science cannot be framed within the current disciplinary
limits; it must go to the approach of the interdisciplinary interfaces as a response to contemporary
complex phenomena, which has sustained its genesis and development. We recommend a better
balance among the three main conceptualizations of agroecology (science, practice and movement),
establishing a dialog between the abstract and the empiric, to identify and solve study object problems
(relationship nature—society). This also requires the understanding of agriculture from different
perspectives to those found in this study, oriented to the use of paradigms where social actors, their
development and the impacts of their social tasks in agriculture, are considered the main axis.
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