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ABSTRACT
The concept of health has been widely used to refer to soils, crops
or agroecosystems. It resembles the idea of wholeness or general
well-being, which is interesting to integrate different disciplines.
There have been valuable contributions in the area of agroecolo-
gical management of diseases, pests and weeds with the aim of
promoting crop health. Nevertheless, they remain relatively dis-
connected and lack of a comprehensive conceptual framework
that helps to define crop health and how to promote it. The aim
of this article is to re-conceptualize the notion of crop health from a
transdisciplinary and holistic perspective. The system of reference
is redefined by including the relationships between the popula-
tions of domesticated plants and the farmers. This implies a multi-
dimensional approach and assumes that crop health is related to
farmers’ objectives, knowledge, point of views and values. Based
on the review of studies in the field of agroecology, four compo-
nents are proposed to evaluate crop health status: usefulness,
adversities, safety and autonomy. Three components of health
promotion were adapted from the salutogenic model proposed
for human health: meaningfulness, comprehensiveness and man-
ageability. This article intends tomake a contribution on theoretical
and conceptual aspects of a key concept for agroecology.

KEYWORDS
Crop protection; disease;
pest; weed;
transdisciplinarity

Introduction

The notion of health has been widely mentioned in the long history of agricultural
studies. In 1943, Albert Howard in his book An Agricultural Testament suggests
that the real problem of agriculture is “how to grow healthy crops” and not how to
manage pests, diseases or weeds. “Agriculture needs to be considered as an art; the
researcher needs to keep in mind all involved factors” (Howard 1943). His ideas
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on health of agriculture express the strong relationships between fertile soils and
the health of crops, animals and people. Similar ideas were expressed by Eve
Balfour, an English farmer, in her book entitledThe Living Soil: “The health of soil,
plant, animal and man is one and indivisible” (Balfour 1943). Since then, the
notion of health has been frequently used in the literature in relation to agricul-
ture, with references to plants (Altieri y Nicholls, 2003), agroecosystems (Costanza
1992; Rapport, Costanza, and McMichael 1998; Xu and Mage 2001; Yiridoe and
Weersink 1997), and the soil (Abawi and Widmer 2000; Doran and Zeiss 2000;
Park and Cousins 1995).

Agroecology can be defined in three levels: as a critical theory in agricultural
sciences, as a practice of farmers and agriculturalists, and as a social movement,
which comprises many social actors that are interested in promoting this critical
point of view (Van der Ploeg 2012;Wezel et al. 2009; Toledo 2011). As a science, it
is understood here as a transdisciplinary, participatory and action oriented
approach, socially and politically engaged towards a transformation of agri-food
systems, but the term “agroecology” is also used as a synonym of an applied
ecology to agricultural systems (Méndez, Bacon, and Cohen 2013). From these
diverse theoretical frames, there are valuable contributions for a conceptualization
of crop health in the field of pest, disease or weed management, which have been
gradually adding ecological, social, political and cultural aspects, thus contributing
to a more holistic approach (Altieri 1987; Barrera Gaytán 2006; Chaboussou 1980;
Iermanó et al. 2015; Lewis et al. 1997; Nicholls 2006; van Bruggen 1995; Vázquez
Moreno 2012). In these articles, despite the extended use of the notion of health,
there is still no explicit definition and there prevails a certain disconnection. The
transdisciplinary paradigm is adequate to articulate different disciplines by con-
structing concepts that integrate them (Max-Neef 2005).

Perhaps the more extended conceptual problem in this subject is the use of
negative health definitions (Döring et al. 2012), which are usually not made
explicit. For example, a recent publication includes “crop health” in the title
(Nelson 2017), and studies diseases and plant pathogens, assuming health as
a synonym of absence of disease. In disease inoculation trials, plants that are
not inoculated are usually defined as healthy. In discussions on human
health, negative definitions have been strongly criticized, because the absence
of disease is a restrictive criterion that does not reflect well the complexity
that encompasses the notion of health (Döring et al. 2012). The World
Health Organization (WHO) defines human health not only by the absence
of diseases, but as a state of complete physical, mental and social well-being.

The concept of plant health has been recently revisited (Döring et al. 2012).
These authors state that, despite its importance, it is still an ill-defined term and
various problems associated with the existing definitions prevail. They base their
revision on concepts borrowed from human health, which have a greater devel-
opment, and identify philosophical controversies that should be taken into
account for this conceptualization. Here, we intend to contribute to the debate
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on the application of the concept of health in the domain of crop protection from
an agroecological perspective. Hence, we propose a (re)elaboration inspired in
agroecological literature in crop protection and the salutogenic model developed
for human health by Antonovsky (1996), physician and sociologist. This notion of
human health considers the total spectrum of well-being instead of limiting to
isolated diseases, promoting the movement towards health in a health-disease
continuum and to focus on the factors that promote health (Antonovsky 1996).

For this reconceptualization, we begin with the definition of the system of
reference. Then, we discuss from an epistemological frame some controversies
proposed in Döring et al. (2012). In the next section, we revise contributions of
alternative approaches in crop protection (including publications in Spanish).
Finally, with the aim of integrating the different contributions, we propose a re-
elaboration of the concept of crop health from a holistic-transdisciplinary
approach.

Defining the system. What plants do we consider to define health?

The clarification of the biological organizational level is relevant to define what
health is and how to evaluate it, as a plant population has different attributes
from a plant individual. Inaccurate identification of this point is common in
plant health definitions. George Agrios, a plant pathologist well known for his
book Agrios (2005), states that “it is accepted that a plant is healthy, or normal,
when it can carry out its physiological functions to the best of its genetic potential”.
Although this definition is constructed for a plant individual, the entire book
considers plant populations. Cook (2000), another classical author in phyto-
pathology, defines the “management of plant health” as a “discipline that allows
overcoming scientifically and technically all limitations of yield, utility, appear-
ance or quality of final use of cultivated plants”. As Agrios, Cook also refers to
plants, albeit the plural seems to be the population not the individual.

Classical definitions of plant health generally refer to one life cycle of plant
populations grown in a field, but this is usually not made explicit. The use of this
time and spatial scale does give rise to some limitations. As there are ecological
processes that operate at different scales, several researchers have argued that a
multi-scale approach is necessary to manage different organisms: Irwin et al.
(2000) for viruses and both Cardina et al. (1999) and Jordan et al. (2016) for
weeds. Soil health, for example, has an effect on the susceptibility of crops to
attacks by pests or diseases and depends on the design and management of the
entire farm such as rotations, the type and intensity of ploughing, and degree of
integration between animal and plant production.

Finally, the vegetation type needs to be characterized when defining health. In
agroecosystems, vegetation can be domesticated plant populations (planned bio-
diversity), spontaneous communities in cultivated fields (associated biodiversity)
or in natural or semi-natural habitats (Altieri 1999; Perfecto, Vandermeer, and
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Wright 2009; Vandermeer et al. 2002). Cook (2000) explicitly refers to cultivated
plants, and although the definition by Agrios (2005) does not make reference to
cultivated plants, his book covers mainly diseases of cultivated plants.

Up to this point, we intentionally avoided the use of the word “crop” for
referring to cultivated plant populations in order to discuss here a key difference
with human health. In general, a crop is defined as a plant population comprised
by individuals of the same species that coexist in time and space. Although it
might seem quite obvious, the previous definition ignores that there would not
be such a crop without the people who cultivate it. The purposes and actions of a
farmer (a community of farmers or the society) determine that a population of
plants becomes a crop, and thus, crop health is necessarily related to these
purposes and actions. Ignoring this crucial aspect necessarily leads to misunder-
standings or limitations in the construction of a crop health concept.

Based on the previous discussions, we (re)define a cropping system as a
population or a set of domesticated plant populations and their relationship
with a farmer (or community of farmers) (Figure 1). Including this interac-
tion into the system implies that there are necessarily economic, cultural,
social, ethical, as well as ecological and biophysical aspects involved in the
system, that are interconnected. As in any complex system, the limits are
necessarily diffuse (García 2011). Populations of domesticated plants are part
of a wide range of biological interactions (Altieri 1999; Shennan 2008), and
the farmer is not isolated, but it is part of a society where processes that affect
the system occur at different levels (García 2011; Jordan et al. 2016). Defining
the system specifying the relationship with a human dimension implies that
crop health necessarily requires discussing the different ways of practicing
agriculture and, therefore, values, view-points, worldview and even ideology.
For this, the epistemological paradigms and theoretical frameworks that are
behind the different conceptualizations need to be differentiated.

Figure 1. Graphical representation of the cropping system. The center of the system is the relationship
between the domesticated plant population and the farmer/peasant. The multidimensionality arises
from this relationship and explains the necessity to consider other aspects that usually remain occult in
the positivist paradigm. The dotted line represents the diffuse limits of this complex system.
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Differentiating epistemological paradigms and theoretical
frameworks

Based on the conceptual debates on human health, Döring et al. (2012) identified
a series of philosophical controversies in relation to plant health that remain
relatively disconnected. We argue that these discussions on plant/crop health
need to be framed in epistemological paradigms. The analytical paradigm, also
called conventional or Cartesian (Álvarez-Salas, Polanco-Echeverry, and Ríos-
Osorio 2014; Ríos Osorio, Lobato, and Del Castillo 2009) can be characterized as
reductionist, universalist and objectivist (Norgaard and Sikor 1987; Ríos Osorio,
Lobato, and Del Castillo 2009), while the transdisciplinary or complexity para-
digm is rooted in the holism, contextualism and subjectivism (Álvarez-Salas,
Polanco-Echeverry, and Ríos-Osorio 2014).

The reductionism or atomism (Norgaard and Sikor 1987) consists in separating
the natural phenomena in its minimal parts to better understand them, which
results in the specialization of scientific disciplines (Álvarez-Salas, Polanco-
Echeverry, and Ríos-Osorio 2014; Ríos Osorio, Lobato, and Del Castillo 2009).
Classical definitions of health tend to be anchored in highly specialized disciplines,
which are typically found in the natural sciences (Döring et al. 2012). Such is the
case of plant health in plant pathology. Perhaps themost obvious limitation is that
other disciplines related to crop protection (i.e. entomology, weed research,
botany, among others), are usually either not considered or integrated. Another
manifestation, evenmore relevant, is the separation of the population of cultivated
plants from the action of farming, characteristic of the Cartesian paradigm,
separating the “natural” and “social” worlds (Novo 2006).

Another problem associated with the reductionism of the classic definitions is
that a plant population can be defined as healthy if it reaches its genetic potential
but by means of a regular application of fungicides (Döring et al. 2012). This is
contradictory for at least two reasons: a) as plants “require” constant treatment,
they should be considered diseased plants, and b) the use of fungicides, as a toxic
product, could be a threat for environmental or human health and this would not
be consistent with the concept of health. In short, in the definitions of crop health
based on specialized disciplines problems arise that are intrinsic of the Cartesian
epistemological paradigm. The notion of health as a wholeness cannot be com-
prehensively understood under this paradigm.

Another characteristic of the same paradigm is that a definition of health
applied in a situation or case is universally valid. This ignores the fact that there
is a high heterogeneity of typologies of farmers, situations, contexts and farming
systems. Rural sociologists identify different types of farmers, such as business
oriented-farmers, stakeholders, smallholders and peasants (Cáceres, 2003;
Obschatko et al. 2007). Within each category, there is also heterogeneity not
only in socio-economic aspects (Cáceres 2003; Obschatko et al. 2007), but also
in the values, knowledge, perceptions, learning processes, access to information,
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among others (Hecht 1987; Morales 2009; Segura et al. 2004). For example,
farmers that practice an alternative type of agriculture (e.g. organic, biodynamic,
permaculture), have objectives, assessment criteria, experiences and knowledge
that are different from other types of farmers. In two peasant communities in
Mexico, very similar in socio-economic or even cultural aspects, Segura et al.
(2004) detected significant differences in knowledge and perception about pests
and diseases.

The Cartessian paradigm is objectivistic (naturalist sensu Döring et al. 2012). It
conceives science as neutral and assumes that values or ethics do not intervene in
the construction of scientific concepts (Norgaard and Sikor 1987). Health is linked
to “nature” and biological attributes that are likely to be determined by an expert,
objectively and independent of human values (Döring et al. 2012). This is the case
of the classical definitions (Agrios 2005; Cook 2000), that avoid expressing that the
health assessment criteria are of human nature. Döring et al. (2012) state that for
developing a viable concept of “plant health”, it is necessary to consider human
health and well-being and the socio-economic functions of cultivated plants. This
conceptual construction cannot be solved from objectivism, because a position on
the ways of practicing agriculture needs to be defined. Here arises an important
point that needs further clarification. To take a position in the scientific research
does not mean to express a personal opinion. It means that there is a logical
necessity to explain the theoretical framework in which the research is being
developed.

The transdisciplinary or complexity paradigm (Álvarez-Salas, Polanco-
Echeverry, and Ríos-Osorio 2014) studies phenomena from a multidimensional
and holistic approach and intends to distinguish (but not to separate) and recon-
nect (Morin 1994). This does not question the existence of a natural or material
basis of the phenomenon under study, or discharge concepts or studies from
various disciplines, but it proposes to integrate them. This paradigm considers
the context, different forms of knowledge and values, and it therefore also recog-
nizes the coexistence of various theoretical frameworks. Agroecology, defined as a
critical theory (Van der Ploeg 2012) is necessarily subjectivist. This implies that
classical plant health definitions omit usually (but not always: see Browning 1998)
to express openly their theoretical frame of reference and thus the values and
ideology on which it is based.

Contributions and limitations of the alternative approaches applied
in crop protection

In his discussions on human health, Antonovsky (1996) differentiates
between curative and preventive medicine. Some analogies can be found in
the domain of crop protection, perhaps with more diffuse limits (Figure 2).
Integrated management (IM) is an agronomic approach based on combining
a group of tools that are used to manage biotic adversities relying on the
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ecological and biological knowledge of organisms (Cardina et al. 1999).
While the spirit of IM is based on the principle of prevention, several authors
(Altieri 1987; Barfield and O’Neil 1984; Lewis et al. 1997; Morales 2009) state
that in the implementation, the IM programs usually end up pursuing
objectives closer to the management of agrochemicals than of pests. They
are generally restricted to the monitoring of populations for the application
of agrochemicals based on damage thresholds, while usually fail to incorpo-
rate preventive tools (Barfield and O’Neil 1984; Morales 2009). Lewis et al.
(1997) argue that this is due to a “therapeutic approach”, which is based on
treating the symptom, rather than asking “why a plague is a plague”, i.e. what
are the weaknesses of the agroecosystem, what agricultural practices or
farmer´s decisions explain that these organisms reach the population level
to become a plague. This is the key question behind the theoretical proposals
and empirical investigations related to the agroecological management of
pests, weeds and diseases, as well as of those researchers who claim that
priority should be given to a preventative approach within IM (Morales
2009). In this section, the evolution in conceptual terms of alternative
approaches is briefly described. This does not intend to be a thorough review,
but to enrich the conceptual discussion.

Briefly, the strategy of agroecological management of weeds, pests and
diseases is based on vegetation diversification and the promotion of soil
health (Altieri, 1999). The first strategy refers to an increase in functional

Figure 2. Conceptual map of the different approaches in plant protection and the proposal of a
new theoretical framework for crop health based on the salutogenic model proposed by
Antonovsky (1996) for human medicine. Change desease to disease in title. In the line below
Adversity axiom, origyn must be changed to origin.
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diversity which aims at strengthening the regulation processes of the system
(Moonen and Bàrberi 2008), and includes multiple levels of biological orga-
nization, from the genetic, the agroecosystem and the landscape (Cardina et
al. 1999; Irwin et al. 2000; Altieri, 1999; Jordan et al. 2016). Several research-
ers agree that the homogenization of agroecosystems and landscapes, in
extreme cases with uniform monocultures planted in extended areas, reduced
intra-specific diversity, homogeneous farming practices and shorter rotations
create conditions that predispose the development of plagues and epidemics
(Agrios 2005; Altieri 1987; Nicholls 2006; van Bruggen 1995; Vega et al.
2019). Therefore, a greater spatial and temporal diversity of vegetation, as
well as a greater landscape heterogeneity and landscape arrays more favorable
to natural enemy populations, reduces risks. The other strategy is the pro-
motion of soil health, which is an essential part of plant nutrition.
Fertilization practices also affect susceptibility to pathogens or pests
(Walters and Bingham 2007). The relationship between soil health and
plant nutrition with susceptibility to pests or diseases has been suggested
for some time (Balfour 1943; Howard 1943). A renowned researcher in the
field of agroecology is Francis Chabousso, who worked for INRA (Institut
National de la Recherche Agronomique of France). His theory, called “tro-
phobiosis”, proposes that fertilization practices may make crop plants more
vulnerable to the attack of pests or diseases through changes in the concen-
trations and types of solutes in plant tissues (Chaboussou 1980).

In addition to the ecological-productive aspects, various researchers have high-
lighted the importance of considering the perceptions, knowledge and experience
of the local farmers and peasants, their ability to solve problems, their organiza-
tional networks, the processes of social learning, and aspects of the socio-eco-
nomic and institutional context (Barrera Gaytán 2006; Segura et al. 2004;
Vázquez-Moreno, 2006). Ethnographic studies systematize diverse aspects of the
knowledge of indigenous peoples or communities as local taxonomies or agricul-
tural knowledge (Altieri 2002). Specific studies on ethno-phytopatology or ethno-
entomology emphasize knowledge and practices on the management of diseases
or pests (Bentley et al. 2009; Bentley and Thiele 1999; Silva and Castaño-Zapata
2014). Other approaches take a holistic pest management approach, and present
diversity in what they consider to be the “whole” (system), the objectives they
pursue and the procedures (Barrera Gaytán 2006).

Perhaps one of the most well-developed proposals is holistic pest manage-
ment (HPM, Barrera Gaytán 2006), which arises from work with Mexican
peasant farmers mainly around the problem of the coffee pests. As suggested
by other authors (Altieri andNicholls 2003; Lewis et al. 1997), he starts searching
for the causes that provoke the pest as a starting point for the design of healthy
production systems. For this, he builds up a set of principles (named as: holistic,
participatory, safety, agroecological and equitable market) on which the HPM is
based, which are as follows: (a) in order to confront the problem of pests, it is
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necessary, first, to improve the income and welfare of farmers and their families,
as well as their capacity to organize themselves in productive and commercializ-
ing aspects; (b) to promote the self-management of men and women and link
producers and consumers to strengthen the decision-making processes and
actions on pest management; (c) to make more efficient use of internal
resources, and minimal use of external inputs, and encourage synergies between
processes and components of the agroecosystems that treat the causes of pests
outbreaks; (d) pest management must promote processes and products that are
safe and of good quality, both for the ecosystem and for the subsistence of
farmers and the consumer; (e) pest management should contribute to achieving
adequate prices both for producers and for consumers.

Barrera Gaytán (2006) focuses mostly on people rather than on pests, which
implies a radical change in pest management. In a similar sense, but considering
more extensive spatial and temporal scales, Vázquez Moreno (2012) has studied
the relationship between the social and institutional context and practices of pest
management in Cuba from a historical perspective. Vázquez-Moreno discusses
the role of different public policies in this process (land reform law, the national
biological control program, and the program of urban agriculture), the organi-
zation of the service of plant health and the organization of farmers in coopera-
tives (Vázquez Moreno 2012). He also studies the organization of basic and
applied national research projects, as well as innovations in territorial programs,
the experimentation with farmers and public institutions and policies.

Recently, Jordan et al. (2016) proposed a transdisciplinary approach to deal
with weed problems. They rescue the conception of Jantsch (1972), who under-
stands research as a process where the collaborative learning, subsequent collective
action and critical evaluation of the consequences of the action, serve to identify
knowledge “holes” that can be studied from applied sciences. In this process, it is
essential to consider the existence of different forms of knowledge – local, profes-
sional, practical and traditional in addition to the academic (Funtowicz and Ravetz
1993) and the need to find forms of democratic governance of food systems (Loos
et al. 2014). For this reason, it is necessary to consider the various actors and their
different points of view and interests (Jordan et al. 2016). In similar ways as other
authors for pests and diseases (Barrera Gaytán 2006; Segura et al. 2004), Jordan et
al. (2016) understand that weed problems have multiple interrelated dimensions
and levels/scales, which have feedback dynamics.

All contributions from alternative approaches in crop protection consider a
broad spectrum of aspects, and present a gradual process of incorporation of
multiple dimensions and scales, following the same development of research in
agroecology in general (Polanco-Echeverry et al., 2015). Perhaps the biggest
weakness in this area is that there are still separations between disciplines, and
thus different contributions remain relatively disconnected in conceptual terms.
Here, we suggest that the concept of health can be used to integrate the diversity of
these alternative approaches.
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The salutogenic model applied to crops

Antonovsky (1996) identified an axiom that is shared by preventive and curative
human medicine. Both conceive health as a questioning about the origins of
diseases, i.e., its pathogenesis. Preventive medicine, which aims to promote health,
focuses on identifying risk factors of particular diseases of patients and it is usually
restricted to a given disease-risk population (Antonovsky 1996). Interestingly,
something analogous seems to occur in the area of crop protection, where the
word ‘protection’ gives a hint of the same axiom identified by Antonovsky. In the
classical approach of integrated pest management (IPM) as in the alternative
approaches, the point of departure is the adversities that threaten a crop. All
these are based on the adversity axiom, as we have translated for the case of
crops (Figure 2).

Antonovsky (1996) suggests asking ourselves about what is the origin of health.
He proposed a novel approach and developed a model based on the origin of
health, called salutogenesis. Döring et al. (2012) resumes Antonovsky´s proposal
on the following postulates: (1) instead of being interested in an isolated disease,
they aremore interested in the total spectrum of well-being; (2) people are not sick
or healthy; there is a continuum between both poles; (3) they put the focus on a
movement towards health in that continuum; (4) instead of focusing on the risk
factors of diseases, they ask what factors are responsible formoving towards health
(healthy factors); and (5) they question the image of the “sick role” and the
identification of the person with the disease, and proposed to search for new social
roles and to pay attention to people’s compensatory abilities. Here, an adaptation
of these postulates to crop health is proposed (summarized in Table 1), and from
this framework we discuss how a healthy crop can be defined, what constitutes a
crop health problem, and particularly on how healthy crops can be promoted.

Adaptation of the salutogenic postulates to crop health

(1) Instead of focusing on an isolated disease, weed, pest or a limiting factor (a
nutrient or water), we should pay attention to the ‘holistic’ full spectrum from
a systemic approach, and the well-being of the cropping system, including the
relationships of the components between each other and especially the
relationship with the farmer. This postulate assumes a holistic approach

Table 1. Main differences between the pathogenic/therapeutic approach and the salutogenic
model applied to cropping systems.
Pathogenic/therapeutic approach Salutogenic model

Study of isolated diseases, plagues or
weeds as yield limiting factors

Total spectrum of well-being of the cropping system (centered
in relationship with farmer/peasant)

Crops are healthy or sick (affected by an
adversity)

There is a continuum between the poles health and disease

Centered in the state Focuses on the movement towards health
Risk factors Salutogenic factors
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to health, where the different dimensions that arise with the phenomenon
of agriculture can be integrated. Thus, by thinking on crop health, the
welfare of farmers is also considered, his/her economy and viability, cul-
tural aspects, their values, knowledge and worldview, taking into account
the objectives of this activity.

(2) Crops are not healthy or affected by an adversity (“sick”), but there is a
continuum between these two poles. This postulate allows us to break
with the notion of health as something dichotomous (healthy or
“sick”) and proposes a gradient. The proposal of a continuum assumes
the existence of a certain state or condition of health.

(3) It puts the focus in the movement towards health in that continuum.
This premise provides a dynamic look of health, understood as a
process and not only as a state. To understand health as a process it
is necessary to establish the main factors linked to this process, how
they are interrelated and what are their feedback dynamics. The same
is proposed by Jordan et al. (2016) to solve the problems of weeds in a
transdisciplinary way. One of the main processes associated with
health is social learning (Jantsch 1972; Shennan 2008).

(4) Instead of focusing on risk factors (that lead to disease, pests or weeds), the
main question is what factors are responsible for moving toward health
(salutogenic factors). This is perhaps the central point of this theoretical
construct. Various theoretical and empirical contributions developed by
agroecologists go in this direction, promoting crop health through eco-
logical, social learning and socio-organizational processes.

(5) We should question the image of plague, disease, weed, water deficit or
nutrients as a limiting or quality reducing factor, and search for new
categories or new interpretations of these ideas and pay attention to the
response and learning capabilities of farmers. This last assumption is
very similar to the ideas of Howard (1943): our goal should not be to
study how to destroy or minimize populations of pathogens or pla-
gues, but to question what we can learn from them, reserving for them
the role of “teachers of nature” (Heckman 2006).

Re-defining crop health and crop health problems

What is a healthy crop? Based on the theoretical framework of agroecology,
we identified four major aspects that can help to define the “full spectrum of
well-being” and evaluate the condition/status of crop health: usefulness,
adversities, autonomy and safety (Figure 3). At the scale of a crop field, a
series of attributes can be identified: the capacity of the cropping system to
provide ecosystem services, its productivity and stability, associated with its
tolerance and resistance to adverse conditions and the subsequent recovery
(Altieri, Nicholls, and Funes 2012). As a general criterion, Altieri, Nicholls,
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and Funes (2012) takes into account the usefulness of the cropping system in
a broad sense in temporal and conceptual terms, but also considers the
adversities, that should also be understood in the broad sense. On the other
hand, at the “farm level”, the criterion of autonomy of the farmer should be
included (Coolsaet 2016; Das Chagas Oliveira, Collado, and Leite 2013;
Kremen, Iles, and Bacon 2012; van der Ploeg 2009). This is a counterpart
to the dependence on inputs in the ecological-productive dimension, or to
socio-organizational or economic attributes (all of them interrelated)
(Gliessman 2002). Finally, the criterion of safety proposed by Barrera
Gaytán (2006) is tacit behind the various contributions of agroecologists. It
covers multiple actors, from the farmer to local populations in rural com-
munities, farm neighbors, rural workers, consumers and ecosystems.

We define a healthy cropping system as one that tends to achieve short-,
medium-, and long-term goals of the farmer (or community of farmers),
contributing to meeting the needs of society, enhancing ecological and social
processes by minimizing reliance on external inputs and maximizing safety
for humans and ecosystems. This definition allows the incorporation of the
criteria of the theoretical framework of agroecology, without excluding the
diversity and heterogeneity of farmer´s objectives. These can be very variable,
as for example, to increase incomes of the farmer, to reduce the labor that
agriculture demands, or to achieve certain product quality to sell in a
particular market, or that a population of plants provide certain ecosystem
services (nitrogen fixing, control of weed populations, recovery of degraded
soil, reduction of wind speed), provision of food to its family group, savings
(such as a forest crop), or having greater economic stability or reduced
problems of marketing. This definition recognizes that the objectives of
agriculture can be highly variable, and they are not restricted to a maximiza-
tion of productivity or reaching the genetic potential of a plant population, as

Figure 3. Graphical representation of the concept of health understood as a process. The
components of the salutogenic model applied to cropping systems are organized in those that
promote crop health and those that describe crop health state.
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proposed by the classic conceptualizations of crop health (Agrios 2005;
Browning 1998; Cook 2000). At the same time, it recognizes the heteroge-
neity of social contexts, farmer typologies, as well as values, criteria and local
knowledge.

What is a crop health problem? This question can be broken down into two
parts: (a) to who, with which criteria and based on what conceptual frame-
work (local or academic, and in the latter case, what discipline and theore-
tical approach) defines what a health problem is; and (b) what are the limits
of the problems linked to crop health. IPM responds to the first question
with the concept of economic threshold, while alternative approaches incor-
porate local criteria and knowledge (Barrera Gaytán 2006). The economic
threshold, however, has many theoretical problems in ecological and eco-
nomical terms (see: Barrera Gaytán 2006; Rosset 2008). With respect to the
second question, if we consider that a cropping system includes the relation-
ship with the farmer, then pests, weeds or diseases are not the only possible
adversities. As the system of reference has no strict limits, it will also be
diverse what should be considered as a health problem and what not. For
example, if a farmer aims to maximize his/her income and has a single
marketing channel, which suffered a drop in the price that threatens eco-
nomic viability, is this an adversity for the cropping system? In another
context, if the purpose of the cropping system is to maximize food self-
sufficiency but this is not reached because not enough protein sources are
included in the design, are we facing a crop health problem? On another
level, if a cropping system meets economic objectives of a farmer, but this is
detrimental for the society’s food needs, is there a health problem?
Analogous to human health, limits for health problems of the cropping
systems are fuzzy.

How can we promote crop health?

Antonovsky (1996) proposed a theoretical construct that he called “sense of
coherence” (SOC). The SOC has three main components: (a) the mean-
ingfulness, i.e., that the challenge imposed makes sense to the person; (b)
the comprehensibility, the cognitive aspect; and (c) manageability, which is
related to the behavior, i.e. the world of actions, what he/she does or can do
in response to a challenge. Of course, these components are not suitable to a
plant or a plant population, but they are for a cropping system if the
relationship with a farmer is included as part of the system.

Alternative approaches discussed above considered the three components of the
SOC in different ways. Themeaningfulness is related to the motivation, objectives,
needs and values of the farmers in their agricultural activity, which is proposed by
Barrera Gaytán (2006) and Segura et al. (2004). The comprehensibility is related to
the perceptions, knowledge and experience of the farmer or community of farmers,
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which is considered by all authors of alternative approaches, in ethnographic
studies (Bentley et al. 2009; Bentley and Thiele 1999; Silva and Castaño-Zapata
2014), and the works by Segura et al. (2004), Barrera Gaytán (2006), Vázquez
Moreno (2006) and Nicholls et al. (2004). This includes not only the ecological-
productive dimension, i.e. the design andmanagement of the agroecosystem, but it
can also refer to knowledge linked to forms of marketing, or socio-organizational
processes as proposed by Barrera Gaytán (2006). Finally, the manageability com-
ponent is linked with the capacity to organize productive aspects and marketing
and with the ability to respond to a problem, which are considered by Barrera
Gaytán (2006) within the concept of Holistic Pest Management. This ability to
respond can be understood on different time scales, since at the short-, medium-
and long-term the responses to health problems can be different. The manage-
ability can also refer to different levels of environmental governance (Jordan et al.
2016) or decision, as demonstrated in various levels studied by Vazquez Moreno
(2006) for Cuban agriculture.

All three components are interrelated and conceive health as a process
(Figure 3), where the key issue is the ability of the system to recover from
disturbances, which can be considered as its resilience (Altieri, Nicholls, and
Funes 2012; Alvarez Salas et al., 2014; Nicholls et al., 2015; Ríos Osorio et al.,
2009). This is consistent with the theoretical proposals of Döring et al. (2015),
who propose resilience as a universal criterion for the concept of health. It is
also consistent with the theoretical proposals from agroecology which attribute
a central role to resilience (Altieri, Nicholls, and Funes 2012; Álvarez-Salas,
Polanco-Echeverry, and Ríos-Osorio 2014; Salas-Zapata 2011).

Extensionists or field technicians that are specialists in plant pathology,
plagues and weed management could start incorporating this approach by
including in any diagnosis the socio-economic and cultural context of the
system. This involves considering the type of farmers and their motivation
and values, and rescuing their knowledge and perceptions of the problem/s
(Sevilla Guzmán, 2006). Participatory methodologies include the construc-
tion of the problem with people. This is in part the beginning of a social-
learning process in which extensionist/researchers promote a dialogue of
knowledge (Cuéllar-Padilla and Calle-Collado 2011; Freire 1973). It is impor-
tant to note, that this proposal does not question the importance of these
disciplines or the value of the specific knowledge, on the contrary, it intends
to give a more comprehensive framework from which the problems of crop
health can be addressed. The professional needs to be open to a holistic
construction of the crop health problem, because what might seem the
problem from a reductionist/conventional framework might not necessarily
be the main problem from a holistic point of view. An interesting example is
the experience of the entomologist Morales (2009) with Cakchiqueles pea-
sants in Guatemala. When she asked peasants what pest they had, they
answered that they had no pests. Insect species that where pests in other
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systems were present in these systems too, and they were well known by
peasants, but they did not reach the problem status for them (Morales 2009).
The study of these systems where herbivores, spontaneous plants or patho-
gens are not a problem for the farmers are an interesting and important
subject of research in the field of “crop protection” that can be better
understood from a holistic crop health approach.

There are many extensionists, researchers and social organizations that work
under these premises for improving crop health. Mainly entomologist (cited
above) that worked with peasants in Latin America included interviews in their
research or developed participatory methodologies (Segura et al. 2004; Barrera
Gaytán 2006; Nicholls et al. 2004; Vázquez Moreno, 2006; Morales 2009). An
important example is the “campesino a campesino” (peasant to peasant) meth-
odology, developed by social rural movements in Central America and in Cuba
to share technological solutions between peasants through exchange visits
between farms (Mier Y Terán Giménez Cacho et al. 2018; Martínez-Torres
and Rosset 2014).

Example of application: tobacco production in Misiones (Argentina)

In this section, a hypothetical study case of crop health is presented to
illustrate how the conceptual model proposed here could be applied to a
real situation and is more convenient as a guide for professional practice and
as a theoretical framework for research. We selected the production system of
tobacco in the province of Misiones in northeastern Argentina. The informa-
tion of the case is hypothetical, because no field data collection has been
done, but it is based on bibliography and the experience of the authors in the
region based on interactions with local actors.

From the conventional point of view, tobacco crops in the production
system of Misiones are healthy. Production is maximized in terms of quantity
and quality (complete leaves without symptoms or damages). The problems
that arise are infectious diseases, plagues and weeds that are regularly con-
trolled by pesticides. Fertilizers, mainly nitrogen based, are also added to
maximize productivity. With this set of technologies crop health is achieved
and the commercialized product is acceptable for the industry.

From an agroecological viewpoint, the farmer/s and the context of the
system is considered. In Misiones, a humid subtropical province of
Argentina, tobacco is produced by peasant communities (Diez 2011). These
farms are usually of 20–25 ha and have, apart from tobacco, another highly
diversified sub-system based on the low use of external inputs for self-
consumption: crops (maize, sorghum, sunflower, yucca and squash), horti-
culture, small farm animals (chickens, ducks, rabbits, pigs) and cattle for
meat and milk production (Sarandón et al. 2006; Figure 4). This sub-system,
which integrates plant and animal components, allows the families to have a
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diverse diet and to sell some excess production. Tobacco production requires
a high amount of external inputs, and provides an important monetary
income to the peasant families as well as social security, offered by the
company that buys the dried tobacco leaves (Diez 2011; Sarandón et al.
2006). This firm is very powerful in the area and has strong influence on
the tobacco production systems of peasants, since it supplies them with
pesticides, makes recommendations and controls the quality of the produc-
tion that it buys (Diez 2011).

Based on our proposal to evaluate crop health, safety, autonomy, adver-
sities and usefulness all need to be considered. Safety is highly affected in this
system. The high pesticide load represents a risk for farming families, not
only because of their use by people that apply the products, but also water
contamination is a risk for human health as peasants rely on local water
resources for their domestic use. For the consumer, pesticide is also a risk
and increases the toxicity of tobacco, which is toxic itself. The autonomy of
the peasant unit is reduced, because of the high dependence on external
inputs, provided by only one firm that also buys the production, and the
reduced number of the marketing channels of the commercialized product.
In contradiction to the conventional viewpoint, biotic adversities are actually
an unsolved health problem, which is evidenced by the regular need to use
pesticides. Usefulness for the farmers can be considered medium, because in

Figure 4. Tobacco production in peasant communities in Misiones (Argentina). Highly industria-
lized tobacco crop (a) and diversified sub-system based on a low use of external inputs mainly
produced for self-consumption: horticulture (b; c) and yucca and maize crops (d).
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the short term the monetary incomes are increased, but these are not stable
in different years, as they depend on market variability and on the demand of
the tobacco industry.

To understand health as a process, the meaningfulness (motivation, needs
and values), comprehensiveness (construction of knowledge) and manage-
ability can be evaluated. The main factor involved in this tobacco production
system is the motivation and the needs of the farmers to have monetary
income and social security. This is a central point as it addresses one of the
reproduction strategies of these peasants. Many of them are aware of the
problems associated with pesticide use, as they express that they intentionally
do not use “poisons” for the crops they eat (self-consumption subsystem).
Interestingly, peasants have experience and knowledge of how to produce
food without pesticides, as the self-consumption subsystem in the farm is
radically different in terms of diversification and health management. Finally,
manageability is related to socio-organizational skills and ecological pro-
cesses. They have not been able yet to diversify commercialization channels,
not only for tobacco but also for alternative products. In the tobacco sub-
system the process of regulation of pest populations is reduced because of
mono-cropping, the high use of pesticides that affect natural enemies, and
the low soil biological activity associated with the mono-cropping and tillage.
All these practices reduce the manageability of biological adversities.

To guide the action of professionals in agroecology in this case, motivation
and needs of the farmers as well as their perceptions and values are the
central aspect to consider. In order to move towards health, the monetary
income of peasant families should be diversified with other crops and/or
diversified marketing channels. The perceptions and values of peasants are
points of departure for problem solving of tobacco production, using parti-
cipatory methodologies. By this, we are working on the meaningfulness, that
the challenge has a meaning and a reason for peasants. The same process
involves working on the comprehensiveness, the construction of knowledge
around the problems of tobacco production and the valorization of their
local traditional knowledge. The way of practicing agriculture without pesti-
cides in the self-consumption subsystem should be systematized by different
means of educational processes that also valorize this local knowledge. This
learning process is a key element of the promotion of crop health. Finally,
improving manageability implies socio-organizational skills as well as the
promotion of ecological processes that reduce the needs of external inputs.
The capacity to organize productive aspects and marketing channels for
tobacco or alternative products could be addressed by promoting, in the
long term, a greater socio-political organization of peasants. The improve-
ment of ecological processes, as population regulation or nutrient cycling for
plant nutrition by diversification of the planned biodiversity in the tobacco
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subsystem, and the improvement of soil health, are also strategies for a
greater manageability.

Conclusions

The conceptual framework proposed here defines crop health in positive and
holistic terms and allows integrating the contributions of alternative approaches
in the area of crop protection and is consistent with the theoretical-epistemolo-
gical framework of agroecology. It also provides clear criteria to guide the action
in professional practice. The main goal is to promote crop health and for this we
need to work with people: value farmer’s local knowledge, interact in a colla-
borative social learning process and look for means to strengthen the natural
resource base (i.e. promotion of ecological processes) and collective organization
of farmers. In addition, to fully contribute to the diagnosis of a crop health
problem, the type of farmer and his/her/their socio-economic and cultural
context has to be taken into account (no problem is a problem by itself), and
the diagnose includes the identification of the weaknesses and strengths of the
system considering its multidimensionality and context.

This approach also provides a comprehensive framework for research, facil-
itating the identification of key factors promoting crop health from a holistic
perspective. It facilitates the study of interrelationships and dynamics of factors
belonging to different dimensions. This should be addressed with case studies,
which allow revising these concepts in empirical situations. In doing so, an
operationalization of these concepts into sets ofmethodological tools needs to be
developed. The sustainability multi-criteria evaluations based on indicators,
commonly used in research related to agroecology (Sarandón and Flores 2009;
Lopez-Ridaura et al., 2002; Altieri 2002), may serve as inspiration. It would be
necessary to develop indicators to assess health status (i.e., a moment in the
process of health) and the factors that promote it.

Acknowledgments

This article is part of the Doctor Thesis of D. Vega, which has been developed at the Doctoral
Program in Agroecology, University of Antioquia (Medellin, Colombia), which is held in
association with the Sociedad Científica Latinoamericana de Agroecología (SOCLA). S. L.
Poggio is research scientist of CONICET, the National Research Council of Argentina.
Authors declare that there is no conflict of interest related to this study. We thank Delfina
Arancio Sidoti for kindly providing the photographs for Figure 4, and the team of the course
Agroecosistemas campesinos (Facultad de Agronomía, Universidad de Buenos Aires) for
promoting solidarity and closeness with the realities of peasant communities of Misiones
(Argentina).

232 D. VEGA ET AL.



ORCID

Damián Vega http://orcid.org/0000-0002-9245-4602

References

Abawi, G. S., and T. L. Widmer. 2000. Impact of soil health management practices on
soilborne pathogens, nematodes and root diseases of vegetable crops. Applied Soil
Ecology 15 (1):37–47. doi:10.1016/S0929-1393(00)00070-6.

Agrios, G. N. 2005. Plant Pathology. 922 p. 5th ed. Elsevier Academic Press.
Altieri, M. A. 1987. Agroecology: The scientific basis of alternative agriculture, 227. Boca

Raton: Westview Press. Boulder, Co.
Altieri, M. A. 1999. The ecological role of biodiversity in agroecosystems. Agriculture,

Ecosystems & Environment 74 (1):19–31. doi:10.1016/S0167-8809(99)00028-6.
Altieri, M. A. 2002. Agroecology: The science of natural resource management for poor

farmers in marginal environments. Agriculture, Ecosystems & Environment 93 (1):1–24.
doi:10.1016/S0167-8809(02)00085-3.

Altieri, M. A., C. Nicholls, and F. Funes. 2012. The scaling up of agroecology: Spreading the
hope for food sovereignty and resiliency. In A contribution to discussions at Rio, 20.

Altieri, M. A., and C. I. Nicholls. 2003. Soil fertility management and insect pests:
Harmonizing soil and plant health in agroecosystems. Soil and Tillage Research 72
(2):203–11. doi:10.1016/S0167-1987(03)00089-8.

Álvarez-Salas, L., D. Polanco-Echeverry, and L. Ríos-Osorio. 2014. Reflexiones acerca de los
aspectos epistemológicos de la agroecología. Cuadernos de Desarrollo Rural 11 (74):55–74.
doi:10.11144/Javeriana.CRD11-74.raea.

Antonovsky, A. 1996. The salutogenic model as a theory to guide health promotion. Health
Promotion International 11 (1):11–18. doi:10.1093/heapro/11.1.11.

Balfour, E. B. (1943). The living soil: Evidence of the importance to human health of soil
vitality, with special reference to post-war planning.

Barfield, C. S., and R. J. O’Neil. 1984. Is an ecological understanding a prerequisite for pest
management? In Florida entomologist, 67 (1): 42–49.

Barrera Gaytán, J. F. 2006. Manejo holístico de plagas: Hacia un nuevo paradigma de la
protección fitosanitaria. In El cafetal del futuro: Realidades y Visiones, ed. J. Pohlan, L. Soto,
and J. Barrera, 61–81. Aachen: Shaker Verlag.

Bentley, J. W., E. R. Boa, P. Kelly, M. Harun Ar Rashid, A. K. M. Rahman, F. Kabeere, and J.
Herbas. 2009. Ethnopathology: Local knowledge of plant health problems in Bangladesh,
Uganda and Bolivia. Plant Pathology 58 (4):773–81. doi:10.1111/ppa.2009.58.issue-4.

Bentley, J. W., and G. Thiele. 1999. Bibliography: Farmer knowledge and management of
crop disease. Agriculture and Human Values 16 (1):75–81. doi:10.1023/A:1007558919244.

Browning, J. A. 1998. Growth through IPM to holistic plant health: The key to approaching
genetic yield potential. Annual Review of Phytopathology Vol.36:1–500. doi:10.1146/
annurev.phyto.36.1.1.

Cáceres, D. (2003). El campesinado contemporáneo. La extensión rural en debate.
Concepciones, retrospectivas, cambios y estrategias para el Mercosur, 173–97.

Cardina, J., T. M. Webster, C. P. Herms, and E. E. Regnier. 1999. Development of weed IPM:
Levels of integration for weed management. Journal of Crop Production 2 (1):239–67.

Chaboussou, F. (1980). Plantes malades des pesticides: bases nouvelles d’une prevention
contre maladies et parasites. Debard.

AGROECOLOGY AND SUSTAINABLE FOOD SYSTEMS 233

https://doi.org/10.1016/S0929-1393(00)00070-6
https://doi.org/10.1016/S0167-8809(99)00028-6
https://doi.org/10.1016/S0167-8809(02)00085-3
https://doi.org/10.1016/S0167-1987(03)00089-8
https://doi.org/10.11144/Javeriana.CRD11-74.raea
https://doi.org/10.1093/heapro/11.1.11
https://doi.org/10.1111/ppa.2009.58.issue-4
https://doi.org/10.1023/A:1007558919244
https://doi.org/10.1146/annurev.phyto.36.1.1
https://doi.org/10.1146/annurev.phyto.36.1.1


Cook, R. J. 2000. Advances in plant health management in the twentieth century. Annual
Review of Phytopathology 38 (1):95–116. doi:10.1146/annurev.phyto.38.1.95.

Coolsaet, B. 2016. Towards an agroecology of knowledges: Recognition, cognitive justice and
farmers’ autonomy in France. Journal of Rural Studies 47:165–71. doi:10.1016/j.
jrurstud.2016.07.012.

Costanza, R. 1992. Toward an operational definition of ecosystem health. In Ecosystem health:
New goals for environmental management, eds. R. Costanza, B. G. Norton, B. D.
Haskell, 239–56.

Cuéllar-Padilla, M., and Á. Calle-Collado. 2011. Can we find solutions with people?
Participatory action research with small organic producers in Andalusia. Journal of Rural
Studies 27 (4):372–83. doi:10.1016/j.jrurstud.2011.08.004.

Das Chagas Oliveira, F., Á. C. Collado, and L. F. C. Leite. 2013. Autonomy and sustainability:
An Integrated analysis of the development of new approaches to agrosystem management
in family-based farming in Carnaubais Territory, Piauí, Brazil. Agricultural Systems 115:1–
9. doi:10.1016/j.agsy.2012.09.005.

Diez, M. C. 2011. Reproducción social del campesinado en Misiones: Prácticas económicas
heterogéneas en la producción tabacalera. Folia Histórica Del Nordeste (19):51–69.

Doran, J. W., and M. R. Zeiss. 2000. Soil health and sustainability: Managing the biotic
component of soil quality. Applied Soil Ecology 15 (1):3–11. doi:10.1016/S0929-1393(00)
00067-6.

Döring, T. F., A. Vieweger, M. Pautasso, M. Vaarst, M. R. Finckh, and M. S. Wolfe. 2015.
Resilience as a universal criterion of health. Journal of the Science of Food and Agriculture
95 (3):455–465.

Döring, T. F., M. Pautaos, M. R. Finckh, and M. S. Wolfe. 2012. Concepts of plant health –
Reviewing and challenging the foundations of plant protection. Plant Pathology 61 (1):1–
15. doi:10.1111/j.1365-3059.2011.02501.x.

Freire, P. 1973. ¿Comunicación o extensión? La Concientización En El Medio Rural. Buenos
Aires: Siglo XXI.

Funtowicz, S. O., and J. R. Ravetz. 1993. Science for the post-normal age. Futures 25:735−
755. doi:10.1016/0016-3287(93)90022-L.

García, R. (2011). Interdisciplinariedad y sistemas complejos.
Gliessman, S. R. 2002. Agroecología: Procesos ecológicos en agricultura sostenible. Turrialba,

Costa Rica: CATIE.
Hecht, S. 1987. La evolución del pensamiento agroecológico. En. Agroecología: bases

científicas para una agricultura sustentable 4:15–30.
Heckman, J. 2006. A history of organic farming: Transitions from Sir Albert Howard’s war in

the soil to USDA national organic program. Renewable Agriculture and Food Systems 21
(3):143–50. doi:10.1079/RAF2005126.

Howard, A. (1943). An agricultural testament.
Iermanó, M. J., S. J. Sarandón, L. N. Tamagno, and A. D. Maggio. 2015. Evaluación de la

agrobiodiversidad funcional como indicador del “potencial de regulación biótica”. en
agroecosistemas del sudeste bonaerense. Revista de la Facultad de Agronomia. La Plata
114(Número Especial 1):1–14. Agricultura Familiar, Agroecología y Territorio.

Irwin, M. E., W. G. Ruesink, S. A. Isard, and G. E. Kampmeier. 2000. Mitigating epidemics
caused by non-persistently transmitted aphid-borne viruses: The role of the pliant envir-
onment. Virus Research 71 (1):185–211.

Jantsch, E. 1972. Towards interdisciplinarity and transdisciplinarity in education and innova-
tion. In Interdisciplinarity: Problems of Teaching and Research inUniversities. Organisation
for Economic Cooperation and Development (OECD) and Center for Educational Research
and Innovation (CERI), eds. L. Apostel, G. Berger, 97–121.

234 D. VEGA ET AL.

https://doi.org/10.1146/annurev.phyto.38.1.95
https://doi.org/10.1016/j.jrurstud.2016.07.012
https://doi.org/10.1016/j.jrurstud.2016.07.012
https://doi.org/10.1016/j.jrurstud.2011.08.004
https://doi.org/10.1016/j.agsy.2012.09.005
https://doi.org/10.1016/S0929-1393(00)00067-6
https://doi.org/10.1016/S0929-1393(00)00067-6
https://doi.org/10.1111/j.1365-3059.2011.02501.x
https://doi.org/10.1016/0016-3287(93)90022-L
https://doi.org/10.1079/RAF2005126


Jordan, N., M. Schut, S. Graham, J. N. Barney, D. Z. Childs, S. Christensen, … C. Fernandez
Quintanilla. 2016. Transdisciplinary weed research: New leverage on challenging weed
problems? Weed Research 56 (5):345–58. doi:10.1111/wre.12219.

Kremen, C., A. Iles, and C. Bacon. 2012. Diversified farming systems: An agroecological,
systems-based alternative to modern industrial agriculture. Ecology and Society 17:4.
doi:10.5751/ES-05103-170444.

Lewis, W. J., J. C. Van Lenteren, S. C. Phatak, and J. H. Tumlinson. 1997. A total system
approach to sustainable pest management. Proceedings of the National Academy of Sciences
94 (23):12243–48. doi:10.1073/pnas.94.23.12243.

Loos, J., D. J. Abson, M. J. Chappell, J. Hanspach, F. Mikulcak, M. Tichit, and J. Fischer. 2014.
Putting meaning back into “sustainable intensification”. Frontiers in Ecology and the
Environment 12 (6):356–61. doi:10.1890/130157.

López-Ridaura, S., O. Masera, and M. Astier. 2002. Evaluating the sustainability of complex
socio-environmental systems. The MESMIS framework. Ecological Indicators 2 (1):135–48.
doi:10.1016/S1470-160X(02)00043-2.

Martínez-Torres, M. E., and P. M. Rosset. 2014. Diálogo de saberes in La Vía Campesina:
Food sovereignty and agroecology. Journal of Peasant Studies 41 (6):979–97. doi:10.1080/
03066150.2013.872632.

Max-Neef, M. A. 2005. Foundations of transdisciplinarity. Ecological Economics 53 (1):5–16.
doi:10.1016/j.ecolecon.2005.01.014.

Méndez, V. E., C. M. Bacon, and R. Cohen. 2013. Agroecology as a transdisciplinary,
participatory, and action-oriented approach. Agroecology and Sustainable Food Systems
37 (1):3–18.

Mier Y Terán Giménez Cacho, M., O. F. Giraldo, M. Aldasoro, H. Morales, B. G. Ferguson, P.
Rosset, and C. Campos. 2018. Bringing agroecology to scale: Key drivers and emblematic
cases. Agroecology and Sustainable Food Systems 42 (6):637–65. doi:10.1080/
21683565.2018.1443313.

Moonen, A. C., and P. Bàrberi. 2008. Functional biodiversity: An agroecosystem approach.
Agriculture, Ecosystems & Environment 127:7–21. doi:10.1016/j.agee.2008.02.013.

Morales, H. (2009) ¿Es apropiado el Manejo Integrado de Plagas para los Campesinos de
América Latina? Vertientes del pensamiento agroecológico: fundamentos y aplicaciones, 247.

Morin, E. 1994. Introducción al pensamiento complejo. Barcelona: Gedisa.
Nelson, A. 2017. Crop pests: Crop-health survey aims to fill data gaps. Nature 541

(7638):464–464. doi:10.1038/541464a.
Nicholls, C. 2006. Bases agroecológicas para diseñar e implementar una estrategia de manejo

de hábitat para control biológico de plagas. Agroecología 1:37–48.
Nicholls, C. I., A. Henao, and M. A. Altieri. 2015. Agroecología y el diseño de sistemas

agrícolas resilientes al cambio climático. Agroecología 10 (1):7–31.
Nicholls, C. I., M. A. Altieri, A. Dezanet, M. Lana, D. Feistauer, and M. Ouriques. 2004. A

rapid,farmer-friendly agroecological method to estimate soil quality and crop health in
vineyard systems. Biodynamics, 33–39.

Norgaard, R., and T. Sikor. 1987. The methodology and practice of agroecology. Agroecology:
The scientific basis of alternative agriculture, 227. Westview Press.

Novo, M. 2006. El desarrollo sostenible. Su dimensión ambiental y educativa p. 431. Madrid:
UNESCO -Pearson Educación.

Obschatko, E. S., M. D. P. Foti, M. E. Román, F. A. Pino, J. A. Morera, J. J. Galindo, … L. A.
Paredes (2007). Los pequeños productores en la República Argentina: Importancia en la
producción agropecuaria y en el empleo en base al Censo Nacional Agropecuario 2002 (No.
IICA 307.1412092 O14). Dirección de Desarrollo Agropecuario, Buenos Aires (Argentina).
Proyecto de Desarrollo de Pequeños Productores Agropecuarios, Buenos Aires

AGROECOLOGY AND SUSTAINABLE FOOD SYSTEMS 235

https://doi.org/10.1111/wre.12219
https://doi.org/10.5751/ES-05103-170444
https://doi.org/10.1073/pnas.94.23.12243
https://doi.org/10.1890/130157
https://doi.org/10.1016/S1470-160X(02)00043-2
https://doi.org/10.1080/03066150.2013.872632
https://doi.org/10.1080/03066150.2013.872632
https://doi.org/10.1016/j.ecolecon.2005.01.014
https://doi.org/10.1080/21683565.2018.1443313
https://doi.org/10.1080/21683565.2018.1443313
https://doi.org/10.1016/j.agee.2008.02.013
https://doi.org/10.1038/541464a


(Argentina). IICA, Buenos Aires (Argentina). Secretaría de Agricultura, Ganadería, Pesca y
Alimentación, Buenos Aires (Argentina).

Park, J., and S. H. Cousins. 1995. Soil biological health and agro-ecological change.
Agriculture, Ecosystems & Environment 56 (2):137–48. doi:10.1016/0167-8809(95)00624-9.

Perfecto, I., J. H. Vandermeer, and A. L. Wright. 2009. Nature’s matrix: Linking agriculture,
conservation and food sovereignty. Earthscan.

Polanco-Echeverry, D. N., and L. A Rios-Osorio. 2015. Proposed methodology for research
into thesocioecological resilience of agroecosystems. Tropical and Subtropical
Agroecosystems 18(2).

Rapport, D. J., R. Costanza, and A. J. McMichael. 1998. Assessing ecosystem health. Trends in
Ecology & Evolution 13 (10):397–402. doi:10.1016/S0169-5347(98)01449-9.

Ríos Osorio, L. A., M. O. Lobato, and X. Á. Del Castillo. 2009. An epistemology for
sustainability science: A proposal for the study of the health/disease phenomenon.
International Journal of Sustainable Development & World Ecology 16 (1):48–60.
doi:10.1080/13504500902760571.

Rosset, P. 2008. Umbrales económicos. Problemas y perspectivas. InManejo integrado de plagas
en Mesoamerica, ed. L. Hilje and J. L. Saunders, 141–50. Editorial Tecnologica de CR, Costa
Rica.

Salas-Zapata, W. 2011. La ciencia emergente de la sustentabilidad: De la práctica científica
hacia la constitución de una ciencia. Interciencia 36 (9):699–706.

Sarandón, S. J., and C. C. Flores. 2009. Evaluación de la sustentabilidad en agroecosistemas:
Una propuesta metodológica. Agroecología 4:19–28.

Sarandón, S. J., M. S. Zuluaga, R. Cieza, C. Gómez, L. Janjetic, and E. Negrete. 2006.
Evaluación de la sustentabilidad de sistemas agrícolas de fincas en Misiones, Argentina,
mediante el uso de indicadores. Revista Agroecología 1:19–28.

Segura, H. R., J. F. Barrera, H. Morales, and A. Nazar. 2004. Farmers’ perceptions, knowledge,
and management of coffee pests and diseases and their natural enemies in Chiapas,
Mexico. Journal of Economic Entomology 97 (5):1491–99. doi:10.1603/0022-0493-97.5.1491.

Sevilla Guzmán, E. 2006. Agroecología y agricultura ecológica: Hacia una” RE” construcción
de la soberanía alimentaria. Agroecología, 1: 7–18.

Shennan, C. 2008. Biotic interactions, ecological knowledge and agriculture. Philosophical
Transactions of the Royal Society of London B: Biological Sciences 363 (1492):717–39.
doi:10.1098/rstb.2007.2180.

Silva, K., and J. Castaño-Zapata. 2014. Ethnophytopathology: Rice fields free of diseases, from
the culture of producers in a Nuquí, Chocó-Colombia´ s community. Research in Plant
Sciences 2 (1):16–21.

Toledo, V. M. 2011. La agroecología en Latinoamerica: Tres revoluciones, una misma
transformación. Agroecología 6:37–46.

van Bruggen, A. H. C. 1995. Plant disease severity in high-input compared to reduced input
and organic farming systems. Plant Disease 79–10:976–84. doi:10.1094/PD-79-0976.

van der Ploeg, J. D. 2009. The new peasantries: Struggles for autonomy and sustainability in an
era of empire and globalization. New York: Earthscan.

Van der Ploeg, J. D. 2012. The drivers of change: The role of peasants in the creation of an
agro-ecological agriculture. Agroecología 6:47–54.

Vandermeer, J., D. Lawrence, A. Symstad, and S. Hobbie. 2002. Effect of biodiversity on
ecosystem functioning in managed ecosystems. In Biodiversity and ecosystem functioning:
Synthesis and perspectives, Eds. M. Loreau, S. Naeem, & P. Inchausti. 157–168. Oxford:
Oxford University Press.

236 D. VEGA ET AL.

https://doi.org/10.1016/0167-8809(95)00624-9
https://doi.org/10.1016/S0169-5347(98)01449-9
https://doi.org/10.1080/13504500902760571
https://doi.org/10.1603/0022-0493-97.5.1491
https://doi.org/10.1098/rstb.2007.2180
https://doi.org/10.1094/PD-79-0976


Vázquez Moreno, L. L. 2006. La lucha contra las plagas agrícolas en Cuba. De las aplicaciones de
plaguicidas químicos por calendario al manejo agroecológico de plagas. Control químico 10
(3):221.

Vázquez Moreno, L. L. 2012. Desarrollo del manejo agroecológico de plagas en los sistemas
agrarios de Cuba. Fitosanidad 11 (3):29–39.

Vega, D., M. E. Gally, A. M. Romero, and S. L. Poggio. 2019. Functional groups of plant
pathogens in agroecosystems: A review. European Journal of Plant Pathology 153 (3):695–
713. doi:10.1007/s10658-018-01616-8.

Walters, D. R., and I. J. Bingham. 2007. Influence of nutrition on disease development caused
by fungal pathogens: Implications for plant disease control. Annals of Applied Biology 151
(3):307–24. doi:10.1111/aab.2007.151.issue-3.

Wezel, A., S. Bellon, T. Doré, C. Francis, D. Vallod, and C. David. 2009. Agroecology as a
science, a movement and a practice. A review. Agronomy for Sustainable Development 29
(4):503–15. doi:10.1051/agro/2009004.

Xu, W., and J. A. Mage. 2001. A review of concepts and criteria for assessing agroecosystem
health including a preliminary case study of southern Ontario. Agriculture, Ecosystems &
Environment 83 (3):215–33. doi:10.1016/S0167-8809(00)00159-6.

Yiridoe, E. K., and A. Weersink. 1997. A review and evaluation of agroecosystem health
analysis: The role of economics. Agricultural Systems 55 (4):601–26. doi:10.1016/S0308-
521X(97)00026-7.

AGROECOLOGY AND SUSTAINABLE FOOD SYSTEMS 237

https://doi.org/10.1007/s10658-018-01616-8
https://doi.org/10.1111/aab.2007.151.issue-3
https://doi.org/10.1051/agro/2009004
https://doi.org/10.1016/S0167-8809(00)00159-6
https://doi.org/10.1016/S0308-521X(97)00026-7
https://doi.org/10.1016/S0308-521X(97)00026-7

	Abstract
	Introduction
	Defining the system. What plants do we consider to define health?
	Differentiating epistemological paradigms and theoretical frameworks
	Contributions and limitations of the alternative approaches applied in crop protection
	The salutogenic model applied to crops
	Adaptation of the salutogenic postulates to crop health
	Re-defining crop health and crop health problems
	How can we promote crop health?

	Example of application: tobacco production in Misiones (Argentina)
	Conclusions
	Acknowledgments
	References

