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ABSTRACT KEYWORDS
Typically, the agroecosystem is known as the basic unit of study of Agroecology; )
the agroecology. However, no consensus exists regarding its defi- agroecosystem; agriculture;

system; sustainability;

nition, which is reflected by the early state of agroecology as >
epistemology

a science. This fact was illustrated after an exhaustive analytical
review of the different agroecosystem definitions proposed and
currently used in the literature. We reviewed 157 articles and other
key scientific literature and found seven different concepts. It is
necessary to advance in unification of the terminology to bridge
the gaps among agroecology, agricultural sciences, and other
disciplines that enable progress toward sustainable agriculture.
Therefore, the objective of the present study was to propose
a discussion about the need to have a semantic and operational
concept of agroecosystem. Agroecosystem is a synthesis, product
of the culture — nature interaction, it is regarded as a homogeneous
natural unit, where an agrotechnological management system
(AMS) is introduced according to farmer needs. Therefore, the
agroecosystem is a holistic, irreducible, and particular basic unit
of agroecology and the agricultural sciences, which integrates
production processes and attributes for a sustainable agriculture.

CULTURE Culture - Nature interaction NATURE: Impacted by
HUMAN ACTVITY regulated by the perception of cultural actions previously
nature given by religious norms, considered as a passive being.

It marks the territory of society’s life belief, myths, taboo issues,

challenges, dictates the purposes ethics, chrematistic economy, Abiotic component
and the norms in which that society technology, scientific

is better recognised and asserts knowledge, green economy.

itself with greater benefit*.

Biotic component
social > Economic

Organization Organization ECOSYSTEM
(components that are difficult to modify,
inflexible and casuistic).

Values Knowledge
— ™ Bigeun: STATE VARIABLES

T—; Technology 4——T T |
- THE AGROECOSYSTEM AS A
Human Sctivity CULTURAL EMERGENCE

Agrotechnological system management
TYPE OF AGRICULTURE - LANDSCAPE

Introduction

When referring to the election of a basic unit in ecology, Holdridge (2009)
stated the following: “One of the major problems in any science is that of
determining the basic natural units with which one must work. The biological
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sciences could not develop far until the invention of the microscope, with which
the cell was found to be the basic building block of animal and plant life.
Chemistry made rapid advances as soon as a correct identification of the
elements was initiated . . . if the basic unit has been properly chosen, continued
study brings about a general agreement as to the correct definition of each
unit...”

Agroecosystem has been defined as a dynamic and spatial basic unit in the
agroecology (Altieri 1999; Hernandez 1999), and, in some cases, of the agri-
cultural sciences (in Spanish: Facultad de Ciencias Agrarias [undefined).
However, despite the current agreement related to its importance, the
reviewed literature does not account for a unique and accurate concept of
agroecosystem from a scientific standpoint, i.e., focusing on a formal logic, the
epistemology and the praxis (Alpa 1994; Ferrater-Mora ; Flores 2011;
Honderich and Trevijano 2008; Prigogine and Stengers 1990; Putnam 1984;
Tamayo 2011).

Altieri (1999), Gliessman et al. (2007) and Ledn, Mendoza, and Cérdoba
(2014) state that the agroecosystem can be defined in several ways, in addition
to the challenges experienced establishing an accurate limitation and defining
the best unit of analysis. A unique and unambiguous concept of agroecosystem
is required to constitute the basic unit of reference in terms of the following:
assessment of production processes; knowledge generation and technology
creation; and social, ecological, technological, economic and cultural perfor-
mance indicators. This will help account for both the vulnerability and sus-
tainability of the agroecosystems, to comparatively analyze agroecosystems
and to build logical, clear and non-redundant taxonomy and hierarchy that
complete the theoretical body of agroecology as a scientific discipline. Le6n
(2014) stated that this a crucial matter involving the definition of a minimum
unit to shed different lights on taxonomic, functional, applied, knowledge
transfer and technology-related matters and as a factual reference for social
relations and formulation of public policies.

On the basis of previous considerations, the problem can be addressed by
constructing and selecting a particular concept. It is paradoxical that, in
scientific disciplines, many scientists do not follow a scientific approach to
establish the concepts supporting their theoretical frameworks and hypoth-
eses. In the article “The Habitat Concept and a Plea for Standard
Terminology,” Hall, Krausman, and Morrison (2016) present the difficulties
posed by the lack of conceptual precision in the communication between
disciplines, since this can misrepresent the actual meaning of the concepts.
Besides, this lack of accuracy can spawn nonstandard and ambiguous
responses of legal and public policies to questions addressing sustainability,
operational processes standardization, knowledge and technology transfer and
other administrative, legal, social and cultural factors.
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Murcia et al. (2014) introduced a similar line of argument in their article “A
critique of the ‘novel ecosystem’ concept,” where they stress the repercussions
of adopting uncritically new concepts and approaches, based on opinions,
unproven assumptions and unjustified conclusions lacking required essence
and supporting evidence. This may lead to ambiguous claims and wrong
conceptions with potentially disruptive political implications.

A concept from perspective of science expresses the universal in its max-
imum abstraction, acquiring a formality with value of class from the logic of
science. These formal concepts enable researchers in establishing classifica-
tions and ordering of the world (Flores 2011; Putnam 1984), in contrast to the
concepts resulting from the particular experiences of each researcher, that is
subjective concepts. Essentially, this is the problem, owing to the fact that
a trend toward polysemy exists, which hinders optimal communication. One
of the attributes of science is the identifying conventionally equal and uni-
versal meanings (Ferrater-Mora ; Honderich and Trevijano 2008).

Science attempts to articulate its concepts through a adjusted language to
specific content with no mistakes and minimal possibilities of differing inter-
pretations, using precise language and optimized simplicity, without using the
defined word itself or its derivatives and avoiding exception rules in the
definition. The effort to unify concepts and terminology is crucial to build
significant statements and progress in science. Therefore, the fundamental
concepts must be well defined and thereby, well understood.

In addition to the lack of unity in the semantic concept, there is no
operational concept. It refers to the specific process by which the measure-
ments that allow the precise identification of the study object are obtained.
The operational concept allows its praxis, indicating the state variables and
the formulation of methods for its study and allowing researchers to
conduct comparative analyses how to measure its variables (Ferrater-
Mora ; Tamayo 2011).

Objective

The objective of this article is to present a formal and operational concept of
agroecosystem as a holistic, irreducible and basic unit, for its analysis by those
who work in sustainable agriculture and contribute to the good living and
development of agroecology as a scientific discipline.

Methods
This work was executed in four stages as follows:

(1) First, a review of the most relevant literature since the 1970s on the
historical trajectory of the agroecosystem concept was performed.
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(2) A total of 37 research articles published from 2005 to 2013 were
selected, all of which found in Science Direct, Academic Search
Complete, Ebrary, Agecon Search, Springer Journal, Science Online
and JSTOR (Journal Storage) databases. The search filters were config-
ured in order to find the term “agroecosystem” in the title, abstract or
keywords. Based on the exhaustive review, the articles were grouped
according to affinity criteria, if the definition had been explicitly or
implicitly stated in the articles.

(3) In a second search for articles published from 2005 to 2019, carried out
using the Google scholar platform, the definitions identified in stage 2
were validated and adjusted. In total, 1498 scientific articles were iden-
tified and regarded as the sample universe. From this, 10% of the articles
were selected through a uniform stratified sampling, using the year of
publication as a criterion and discarding those that were not research
articles. Then, on the second and third stages, a total of 157 articles were
thoroughly reviewed. Subsequently, and according to the criteria iden-
tified, the definitions were grouped into six concepts of agroecosystems.
Besides, those articles that did not present a concept definition but
included the word “agroecosystem” in the title, abstract or keywords
were considered.

(4) Finally, a formal and operational concept of agroecosystem is proposed
from the perspectives of epistemology, heuristics and formal logic -
hoping that this approach will be analyzed for contributing to the
perspective proposed by Holdridge (2009) and Hall, Krausman, and
Morrison (2016).

Results and discussion

Analysis of the historical trajectory of the agroecosystem concept (stage 1)

Since before the 1970s, the agroecosystem has been conceptualized as
a modified ecosystem by humans, at different levels of intensity, to use natural
resources in the natural agriculture, livestock, forestry production and rural
services processes, focusing on the ecological processes. This approach refers
to the concern for the operation and the impacts of the agricultural green
revolution on nature, masterfully expressed in 1962, the book Silent Spring
(Carson 2002). Several ecologists brought back the concept of agriculture
enunciated decades ago, as a process involving the modification of ecosystems
at different levels of intensity by humans to meet their needs. Therefore, an
agroecosystem is considered a farm field, on the basis of an ecosystem-centric
approach, whose production and performance are a function of ecological
processes such as nutrient cycles, predator — prey interactions, competition,
commensalism, and successional changes (Altieri 1983, 1999; Hecht 1999; Cox
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and Atkins ; Elliott and Cole 2003; Gallopin 1995; Gliessman 1990; Gliessman
et al. 2015; Hart 2016; Hernandez 1999; Leén 2014; Leén, Mendoza, and
Coérdoba 2014; Odum and Sarmiento 1979; Perfecto and Vandermmer 2015;
Sarandén 2014; Vandermeer 2011; Xu and Mage 2017).

However, this is a narrow view, so its conceptualization has been proposed
from broader perspectives, such as economic, sociological, anthropological
and cultural (Vilaboa 1999; Xu and Mage 2017). From the cultural approach,
Leén (2014, following Taylor, 1871), suggests considering symbolic — organi-
zational-technological structures. The symbolic structures encompass myths,
habits, religions, philosophy, ideologies, science and law, representing human
interpretations and efforts to understand the web of life, giving rise to the
organizational processes of societies. As a result, these structures constitute the
foundations where with the individual, the community and the society estab-
lish their perspective and relationship with nature, either of integration (mon-
ist conception) or submission and exploitation (dualist conception). The type
of knowledge, social and production organization, technology and legal reg-
ulations for the intervention and use/exploitation of nature are articulated on
the basis of these perspectives and relationships (Correa 1993; Gaviria 2013).
Technology, as an applied science, addresses the complexity of human thought
and action to become an instrument, tool, equipment, machinery or system.
Furthermore, it is indicative of the interests, social conflicts, power struggles,
economic and military domains, and world views of those who produce and
put them into effect. Therefore, technology may not be apolitical or culturally
neutral (Schumacher 2014; Tosi 1972).

In that regard, Toledo and Moguel (1992) stressed the crucial need to
identify, categorize and analyze concrete units in the natural spaces that are
concurrently valid and generalizable. The creation and generalization of
a model from this unit would allow for the integration of information on
key or controlling variables, processes and properties, becoming a focal con-
cept for research (Elliott and Cole 1989). Besides its natural condition, this
unit operates as the material, energy and as the information base point of the
production processes. Therefore, its evaluation will help understand its pro-
ductive potential, as well as its vulnerabilities, allowing the farmer to apply
several strategies to optimize production through the sustainable management
of its base resources. This natural unit must be identified in nature, along with
the conceptualization integration of its strategies and farmer management,
and constitute the reference operational unit to assess the sustainability of the
production processes. Therefore, it must be unequivocal and unambiguous.

Holdridge (2009) stated that “all sciences have a basic unit of study.” Their
definition provides the theoretical and operational principles of a single area of
knowledge. Many have already established it and reported studies based on it,
such as biology which involves the cell, or quantum physics that constitutes
the atom and elementary particles. However, in some sciences, the basic unit
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of study has not been defined, or a consensus has not been reached on it.
Groups where evolutionary processes have been actively involved are bound to
show some subjectivity, however, if the basic unit has been appropriately
chosen, on-going studies will bring about a general consensus regarding to
the correct definition of each unit.

Some of the criteria used to identify and classify agroecosystems have been
as follows (Cleves et al. 2009; Elliott and Cole 1989; Gallopin ; Hart 1985;
Hernandez 1999; Altieri 1983; Instituto de Recursos Mundiales 2008; Le6n
2014; Xu and Mage 2013): productive activity (crops, livestock, forestry or
a combination); plant cover or main crop (coffee, palm, etc.); socio-economic
(farming, corporate, agro-industrial, colonization, indigenous, raizal commu-
nities, etc.); type of agriculture (conventional, ecological, agroecological,
organic, permaculture, etc.); legal-administrative (property); political-
administrative (village, region, etc.); natural (basin); unit of production and
management (plot, meadow); intensity of production (extensive, intensive or
intermediate between these two) in function of the reference resource, be it
land, soil, water or energy, among others.

Predominant agroecosystem concept in research articles (stage 2)

The use of the word agroecosystem in titles, keywords and abstracts of
research articles has been increasing between 2005 and 2019. Table 1 indicates
the proposed definitions extracted from the reviewed articles.

According to Table 1, a summary of the definitions and concepts of
agroecosystem is presented, grouped as per the following affinity criteria:

¢ Determined by cover crop of interest: This is the most frequent definition,
present in 25% (39) of the articles. Agroecosystems are named according
to the cover crop of interest such as coffee (Gordon et al. 2007;
Hernandez-Martinez, Manson, and Hernandez 2009, among others),
corn (Sarabia et al. 2017) and palm (Puan et al. 2011), among others.
This definition would imply that the agroecosystem would change with
changes in the crop. In most of the studies, the concept was implicit,
except for two works: Guzman et al. (2018) define the agroecosystem as
“large areas where the native fauna and flora have been totally or partially
replaced by agriculture and livestock, covering more than 50 million km?,
or approximately 25% of the total ground surface.” Likewise, Gorosito,
Bermudez, and Busch (2007) define the agroecosystem as “landscapes
with a high intensity of land use that sustains large food resources, which
could favor threatened species or pests.” Including the word “agroecosys-
tem” in the title, abstract or keywords was not necessary in 32% of the
articles within this group, since it was not central to the research and was
not used again throughout the article.
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¢ System whose components interact and are modified by humans for their
own benefit: This definition was found in 23% (35) of the reviewed
articles, covering different topics ranging from agrobiodiversity assess-
ments, nutrient cycle, CO, emission, evaluation of the soil and system
efficiency, among others. Five articles within this category defined the
agroecosystem concept explicitly. For example, according to Li et al.
(2019), “Agroecosystems are semi-artificial ecosystems that are important
sources of provisioning, and regulatory, cultural and supporting services.”

¢ Production system, focused on production and management practices:
From the reviewed articles, 22% (34) of them were grouped under this
concept, of which only Rao et al. (2019) proposed a definition of the
agroecosystem as “a homogenous geographical area, wherein the produc-
tion environment of the region in terms of the agro-climate, resource
endowments and socio-economic conditions is homogenous, and the
majority of the farmers have similar production constraints and research
needs.” On their work, Crews et al. (1979) propose a comparison between
agroecosystems, characterized by their management, to assess the impact
on the ecological dynamics of the system through a detailed analysis of the
nitrogen cycle. Notably, in 21% of the articles within this category,
mentioning “agroecosystems” would not have been necessary. In this
sense, the study by Cao et al. (2016) is noteworthy, as they recommend
the cultivation of vegetables in greenhouses to reduce the heavy metal
contaminations in the irrigation water of agroecosystems in two regions
of China.

e No clear concept: In 16% (24) of the articles reviewed, the concept of
agroecosystem was neither used explicitly nor implicitly, however, the
word was found in the title, keywords or abstract. The detailed review of
these studies indicates that this term was not a key concept for the
research as its interest is related to another topic.

e Climatic zoning and biophysical determination: In this case, 12%
(18) of the articles refer to agroecosystems as regions that can be
separated by biophysical variables, especially those related to cli-
mate. For example, Mediterranean mountain agroecosystems by
Navas et al. (1979), semiarid Mediterranean agroecosystem, by
Alvaro-Fuentes et al. (2013) or savannah agroecosystems by
Ripoche et al. (2015), among others. Alvaro-Fuentes et al. (2018)
mention a Mediterranean agroecosystem in their article. However,
what it actually assesses is the incorporation of pig slurry in the
plots and its influence on CO, fluxes. In 47% of the articles that fall
within this category, the use of the term agroecosystem was not
necessary for research purposes.

e Area delimited by legal, administrative, or political-administrative cri-
teria: Two papers were found in this category, corresponding to 1% of the
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reviewed articles. For example, Valdés et al. (2009) use the term to refer to
farm and ecosystem interchangeably. However, the work is carried out at
the farm scale.

e Delimitation according to socio-economic categories: In one work (1%),
authors mention regarding smallholding farming agroecosystems, and
propose the following definition for agroecosystem: “the basic unit for
the design and evaluation of sustainability, according to its vision and
definition. It is the biophysical area where socio-economic relationships
are established between people to transform nature and themselves, in
order to obtain products, by-products and other goods for the perpetua-
tion of generations in a single area” (Casas-Cazares et al. 2009). Although
there is an explicit definition of agroecosystem, three peasant commu-
nities were compared and treated as synonyms of agroecosystems and
regions in said the abovementioned article.

The general situation, shown when establishing the concepts of stages 1
and 2 in this study, evidences the presence of polysemic concepts. This is
owing to the differential attributes that the basic units identified as
agroecosystem will, on the basis of the variables, processes, rates of change
or response, and the level of detail, be investigated, operated and trans-
formed. In addition, it has been confirmed that the term agroecosystem is
employed to refer to different political-administrative, natural and/or legal
basic units. This is ensured at different spatial levels, from the plot to
regions and the planet, or according to any of the criteria of particular
interest for each author (Leén 2014; Xu and Mage 2017), given the
arbitrary nature of the limits of ecosystems (Gliessman et al. 2015). The
agroecosystem of Naveed et al. (2007) (agroecosystem of cotton), who
defined it implicitly according to the cover crop of interest, it is not
comparable to the agroecosystem of Alvaro-Fuentes et al. (2009), who
defined it based on climatic zonation (Mediterranean semi-arid agroeco-
system). It is evident that there are not an universal concept, or a less
pretentious one: an agreed upon concept or one that can be validated by
researchers.

Many of the concepts cited in the bibliographic review and in the research
articles refer to the agroecosystem as a modified ecosystem, as production
systems or by the cover crop of interest. These concepts can be classified as
logical semantic concepts that refer to the meaning of the words or formal
representations, among other linguistic symbols. However, there is a lack of
semantic unity in the concept, in addition to the absence of an operational
concept of agroecosystem that allows its praxis and indicates how to measure
its variables and, specifically, the state variables.

Toledo and Moguel (1992) refer to the need to “opt for concepts, terms and
methodologies for the specific field of rural production for the application of
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the main paradigms derived from the ecological theory, physical geography
and landscape ecology,” and argue that there is neither an “agreement on
a general definition of basic management units,” nor “available information to
make accurate calculations on the capacity, in terms of their physical-
biological thresholds, on the natural landscape basic units to support diverse
management practices, despite that there are many terms referring to it in the
literature” (such as load or carrying capacity). The authors stated the follow-
ing: Thus, for example, the agroecosystem conceptualization as a modified
ecosystem is associated with establishing the limits of the ecosystem in order to
set the benchmarks of the area and other factors that allow for making accurate
calculations on productive capacities, vulnerability, threats and sustainability
(Toledo and Moguel 1992).

It is important to establish the theoretical framework for the concept of
agroecosystem. Specifically, as it belongs to the agroecology, it corresponds to
that of systems theory. Therefore, the concept of agroecosystems must be
framed in the principles of the hierarchy theory, elaboration or the study of
components (with emphasis on the interactions between them), the synthesis
or systemic emergency, and the teleology or goals established by the producer.
The latter is the beacon for the system analysis owing to the fact that it is the
goal which determines the components comprising it, the connections
between them and the structure that helps achieve it (Dalgaard, Hutchings,
and Porter 2003; Johansen 2002, 2004b; Odum and Sarmiento 1998; O’neill
et al. 1986; Saravia 2014).

Agroecosystem: towards the construction of a semantic concept

From the syntactic approach, the agroecosystem places agriculture in the
ecosystem, which leads to conceptualizing the agroecosystem from the mod-
ification (artificialization) of the ecosystem, with an anthropic goal through
a plan (Hart 1985). To explain the scope of this concept, the agroecosystem
refers to agriculture as a cultural process set up in nature, reflected in an
ecosystem operated by humans through an agrotechnological management
system (Altieri 1983), for the purposes of achieving certain objectives and
goals, related to the context and culture in which it is inserted. Therefore,
agroecosystem is a product of the culture — nature interaction, constituting as
a systemic emergency, a complex socio-ecological system (Figure 1). Culture is
expressed according to the society’s perception on nature, which is related to
the socio-economic system and linked values and in the generated and vali-
dated knowledge to intervene in nature and the agrotechnological system
management. This consequently transforms the ecosystem to attain the
anthropic goals of a given culture (Capra 1982; Gasté 1980; Schumacher
1984; Tosi 1972).
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To illustrate, the green revolution and the incorporation of transgenic
plants in agriculture, which currently predominates, is the product of
a perception of nature, based on a Cartesian dualist paradigm that places
humans outside of nature (Capra 1982) and, in the chrematistic economy
with its concomitant social values, such as consumerism and the max-
imization of chrematistic profitability, degrading and destroying nature
either through its exploitation or by using it as a sink for the externalities
of the production process (Daly 2003; Leonard 2014). It is in the agribusi-
ness sector where all natural processes are replaced by input and technol-
ogy (Vélez 2004). Meanwhile, Amerindian cosmogonies, under a monistic
paradigm, consider humans as integrated with nature, conceiving nature
as the Pachamama. This constitutes the fundamental explanatory principle
of the cosmovision of native Andean peoples in South America. Pacha in
Quechua means earth, world, cosmos; and mama means mother. Thus,
Pachamama stands for “Mother Earth.” This is the essence of the belief
system and the ecological-social behavior of the indigenous peoples of the
Central Andes in South America (Correa 1993; Escobar 1996; Merlino and
Rabey 1993). This could be supplemented by the analysis of the interac-
tion between society and nature, the agroecosystem being its product, if
the base of this paradigm is considered religious (as established in
Genesis) or whether it is based on the environmental and green economy;
among the many paradigms that may arise from the diversity of cultures
that inhabit the planet (Figure 2).

CULTURE Culture - Nature interaction NATURE: Impacted by
HUMAN ACTIVITY regulatgd by the Rerceptlon of cul.tural actions pre'V|ous'ly
nature given by religious norms, considered as a passive being.
It marks the territory of society’s life belief, myths, taboo issues,
challenges, dictates the purposes ethics, chrematistic economy, Abiotic component
and the norms in which that society technology, scientific |
is better recognised and asserts knowledge, green economy.
itself with greater benefit*.

Biotic component
Social — Economic

Organization Organization ECOSYSTEM
(components that are difficult to modify,
inflexible and casuistic).

Values Knowledge

¢ ’ Bigeun: STATE VARIABLES

L} Technolo QJ |
9y T

THE AGROECOSYSTEM AS A
CULTURAL EMERGENCE
TYPE OF AGRICULTURE - LANDSCAPE

Human Activity
Agrotechnological system management

Figure 1. The agroecosystem as a systemic emergence product of the interaction between culture
and nature, which determines types of agriculture and the rural landscape. * Elnadi and Rifaat
(1996).
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Similar analyzes could be made of the knowledge of peasants, indigenous
peoples, smallholders, fisherfolk, pastoralists, landless workers, and other
agroecological practitioners around the world. This knowledge is expressed
through the management proposals of the ecosystems the people inhabit.

Agroecosystem: Toward the construction of an operational concept

Although the semantic concept allows us to understand the agroecosystem, it
is necessary to delimit it in space and time as per its biophysical connotation,
in terms of its state variables. Therefore, enable setting up the agroecosystem
as a basic unit of nature transformation into agricultural production processes
and natural resources utilization. The operational concept allows to identify,
delimit, measure, characterize and evaluate its condition, trend, vulnerability
and sustainability, as well as to perform comparative studies, among other
factors (Ferrater-Mora ; Tamayo 2011). The operational concept is established
following Nava, Armijo, and Gasté (1979), Gastd (1980), Gastd, Vélez, and
D’angelo (1997).

For the construction of an operational concept, it is proposed following two
steps: in the first, identifying the ecosystem through it delimitation by bio-
physical variables that are difficult to modify or state variables; and in
the second, defining the management of the delimited ecosystem, as expres-
sion of culture.

In the first step, agriculture entails the transformation of any ecosystem
from a state (Ei) at a point in time (t;), toward an objective state (Eo) at
a subsequent time t(,,), for the achievement of anthropic purposes. For
example, a type of agriculture that, besides being productive and profitable
is also sustainable, not very vulnerable, resilient and allows for managing risks,
such as those caused by climate change contributing to the good living. This
transformation is implemented by operators (w;) applied in a certain manner
or ways (p;), referring to procedures, tools and technologies that correspond to
a specific agrotechnological management system (AMS), in order to modify
those factors and state variables that determine the performance of the eco-
system Ei and, consequently, the achievement of the anthropic purposes. If the
application of the operators ceases, the ecosystem will tend to an uncertain
state E, in a point in time t. This principle can be formulated as follows:

Eiy @Eo(tiJrn) — Exy)
Where: Ei ... Ex is the ecosystem, w; is the operator and p; refers to the
procedures, tools and technologies.

The state variables can be categorized by their level of control over the
production processes or other variables, and/or by the challenge of their
management and transformation, defining components that are difficult to
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modify, flexible or casuistic. The latter correspond to those of low significance
in the determination the ecosystem status (Figure 2). For example, some of the
variables related to components that are difficult to modify are: the latitude,
which determines the amount of radiant energy received by the ecosystems
and its annual cycle (X1 ()); the environmental humidity (X2(), being the
product of the interaction between temperature and evapotranspiration which
defines the provinces of humidity (Holdridge 2009); or the topography (X3))
which determines the extent of the law of gravity in edaphic processes such as
the erosion and water fluxes, etc. Each variable must be handled or modified
for them to meet the attributes that Eo should have. In this sense, the knowl-
edge of the nature of the variables, their qualitative and quantitative assess-
ment, as well as their interactions with the state variables and the environment,
is essential. This principle can be formulated as follows (Gastd 1980) (the
ecosystem transformation).

Eitsy = {Xi(siy» Xa(ei)» Xa(si)» - - - Xow(e) } — Eo
= {Xi(tim)> Xo(tin)s Xs(titn)s - - - Xoo(em) }

Where: E; is the ecosystem; X; ... X, are the ecosystem variables.

Therefore, the first component of the operational concept of agroecosystem
requires the knowledge and correct selection of the key state variables or the
productive processes controllers, articulated in a specific structure. This will
make it possible to establish homogeneous basic units for designing and
evaluating the different types of agriculture.

In the second step, according with Hart (1985), the cropping systems are
not the only roadmap to define the agroecosystem, but it is the farmer’s
management which, conditioned by biophysical variables (e.g. the soil), can
be an important guideline for setting its limits. Therefore, this implies that it is
the soil type the factor allowing for the establishment of ecosystem state
variables, arbitrating, in this example, the physical delimitation of the
agroecosystem.

These homogeneous and discretionary natural basic units or biogeostruc-
tural units (BIGEUN) have differential capacities to accommodate different
types of technologies without being degraded, in terms of technological inten-
sity or the agrotechnological management system (e, w;, p;), i.e., technological
receptivity (Vélez and Gasto 1999). Thus, the operational concept of agroeco-
system is the integration of the natural basic units, in its state variables
(BIGEUN), with the AMS that applies in that specific BIGEUN for the
achievement of anthropic purposes (Figure 2).

The identification and delimitation of the agroecosystem (AES) in the field is
shown in Figure 2. The first thing (2a) is to identify how the farmer has arranged
his farm in spatial units (SUs, e.g. paddocks, plots, ranches, etc.), where the
productive activities are carried out with its corresponding AMS. Then, the
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property zoning in BIGEUNS is carried out (2b), which overlaps the SUs with its
corresponding AMS (2c), thereby obtaining the agroecosystems (2d). To cite an
example, two BIGEUNS can be found in SU 1, with different slopes and effective
depth, making these previously mentioned overlaps. Henceforth, AES 2 with
slopes ranging between 12.5 and 25% and with an effective depth lower than 50
cm is more vulnerable to grazing than AES 1 (with slopes lower than 3% and an
effective depth greater than 100 cm). Therefore, livestock farming in AES 2 is less
sustainable both economically, due to production costs and productivity, and
ecologically, due to soil degradation (erosion and compaction). Nevertheless,
livestock farming can be carried out, changing the AMS, for example. Thus, in
AES 2, mowing pastures (as protein banks) can be settled, for their supply in the
stables when the cattle are grazing in AES 1.

This conceptualization allows the agroecosystem to be hierarchically inte-
grated with other territorial units (Figure 3). Although this hierarchical

BIGEUN 1

BIGEUN 2

SU ‘I BIGEUN 1 lBlGﬁJE?xLUH AES 2

(BIGEUN2x
su1)

SU 2 [BIG&E?X:;SU 2)

BIGEUN 2
AES 4

(BIGEUN 2x SU 3)

C. d.

Figure 2. Identification and delimitation of the agroecosystem (AES) in the field. 2a) represents
how the farmer has arranged his farm; for example, spatial unit 1 (SU 1) corresponds to grazing
pastures managed with its corresponding AMS; SU 2 represents perennial fruit trees with its
corresponding AMS, while SU 3 deals with short-term crops with its corresponding AMS. 2b)
representation of the property in homogeneous units (BIGEUNs) delimitated by state variables (e.g.
by slope and effective depth of the soil), for example, BIGEUN 1 has slopes lower than 3% and
a depth greater than 100 cm; BIGEUN 2 has slopes ranging between 12.5 and 25% and an effective
depth lower than 50 cm. 2¢) Integration of SUs with their corresponding AMS and BIGEUNSs. 2d)
four resulting agroecosystems (AMS).
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’

REGION AND/OR BASIN, ETC.

Natural
resources

Market and
service centres

Other agricultural

systems
Agroecosystem 1 Agroecosystem n
No agricultural

systems

Figure 3. Hierarchical structure of the intervention units with the agroecosystem as the basic unit
(Source: Adapted from Vélez and Leiva 1999).

structuring may be administrative or political-administrative, it can also be
ecological or geographical (e.g., a basin and/or life zones, etc.). One of the key
aspects of this hierarchical structuring is the avoidance of polysemy, since each
of these units has specific legal, instrumental, operational and epistemological
concepts. In this hierarchical structuring and in concordance with the postu-
lates of systems theory, the study of agroecosystems must be done within the
farm framework, since this is under the guidance of the farmer, who estab-
lishes the goals and design of the agroecosystems. Consequently, the farm
functioning is framed in the hierarchical level that contains it, being it the
district, the municipality and/or a region, etc.

With this conceptual framework, different production systems have been
already evaluated in Colombia (Genes-Arrieta et al. 2015; Davila, 2016;
Madrid et al. 2017; Barrera 2019), especially at the farm level. This allows for
conducting comparative analyses between different types of agriculture, since
what is evaluated is the management with respect to the natural conditions of
the property. This comparative analysis enables policy making, strategies and
promotion programmes toward those agroecosystems whose management
corresponds to its nature’s capacity.

Conclusion

Agroecosystems constitute culturally built responses to local ecosystems, to
the interrelationship between the rural and the urban, to the placement of the
locality in a broader commercial pattern and to national and international
agricultural policies. Thus, agroecosystems are the result of specific connec-
tions between economic, social, ecological, cultural, political and technological
dimensions. All this constitute nodal points that allow the transfer from one
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dimension to another, where ecological matters are transformed into specific
economic positions and vice versa. Consequently, the meaning of agroecosys-
tem has a socio-economic and cultural connotation, valuation, appropriation
and usufruct of the renewable natural resources by human beings and society.
It constitutes a node for the exchange of values between the economic, social,
political, ecological, environmental and cultural dimensions.

The agroecosystem is a homogeneous natural unit (Biogeographical struc-
tural Unit - BIGEUN) with specific coordinates and with an embedded system
for agrotechnological management system (SAM), whose goal is determined
by the farmer, being this a holistic, implacable, and particular basic unit of
labor of the agroecology and agricultural science which integrates production
processes and competencies for sustained agriculture. The agroecosystem is
commensurable, with an identity of its own, from which a hierarchical struc-
ture is built by levels of complexity, which takes us to the farm, the district and
the region, from a territorial, systemic and holistic approach (Vélez and Leiva
1999).
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