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Incorporating the views and perceptions of local farmers and other actors with stakes

in agricultural production is critical for better-informed decision making and tackling

pressing issues, such as soil degradation. We conducted a study that sought to integrate

and analyze perceptions regarding the quality and degradation of agricultural soils across

different social sectors in Mexico, including producers of two annual crops (maize

and beans) and two perennial crops (coffee and avocado), members of civil society

organizations and members of the Federal Government. We analyzed the community

perception using Cognitive Maps and network metrics. Our fully documented method

to formally gather and analyze local and regional perceptions can be used in future

efforts toward the collective design of sustainable food systems. Our results highlighted

common and potentially conflicting aspects among the different perceptions and allowed

us to identify and discuss drivers and processes of special interest in different regions in

Mexico. This study also contributes to a deeper understanding of the current situation of

agricultural soils in Mexico and seeks to inform the decision-making process regarding

agricultural management in the country.

Keywords: soil, sustainability, collective perception, social-ecological systems, participatory methods, focus

group

INTRODUCTION

Given the prevalence of unsustainable production systems (Lambin et al., 2001), and in the
face of climate change, agricultural systems should increasingly adopt production modes that
make an efficient use of natural resources and improve soil quality (Pannell and Schilizzi, 1999;
Schmidhuber and Tubiello, 2007). In particular, agricultural soils over the world exhibit severe
levels of degradation (Jie et al., 2002). In Mexico, from 45 to 63% of the soils are estimated
to exhibit some degree of degradation (SEMARNAT-COLPOS, 2002; CONAFOR-UACH, 2013),
jeopardizing food production and several ecosystem services. In order to successfully manage
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natural resources and increase soil quality, understood as “the
capacity of a soil to function within ecosystem boundaries to
sustain biological productivity, maintain environmental quality,
and promote plant and animal health” (SSSA, 1997), it is critical
to integrate the knowledge and perception of diverse social actors,
such as local communities, academics and decision makers
(Prell et al., 2009; Stone-Jovicich et al., 2011). Indeed, it is
widely recognized that natural resource management decisions
are better taken after very diverse interactions between different
actors and across local to national levels (Buckles, 1999).
However, most of the policies and approaches designed for large-
scale food production and soil conservation have not considered
the needs and points of view of rural communities and the
intricate socio-cultural context of pluricultural countries, such
as Mexico (Tripp, 2001; Camacho-Villa et al., 2016; CEMDA,
2016). Decision-making processes on agroecosystems1 involve
complex interactions among local, regional and global factors
(e.g., Barlett, 1980; Dury et al., 2010; Martin-Clouaire, 2017)
and decisions cannot be grounded solely on scientific (Soleri
et al., 2000) or economic (Ilbery, 1978) perspectives. Local and
traditional knowledge and management practices are the base
of agroecosystem resilience (Altieri et al., 2012; Gavin et al.,
2015), so this knowledge should be included in the design of
policies along with scientific knowledge. Thus, the incorporation
of the view and perceptions of local food producers and other
actors with stakes in agricultural production is critical for better-
informed decision making and sustainably securing agriculture
food production for future generations.

The degradation of agricultural soils in Mexico has been
assessed and approached by focusing mainly on physicochemical
features (e.g., Roldán et al., 2003; Govaerts et al., 2006; Fuentes
et al., 2009). Undoubtedly important, relying only on these
characteristics leads to an incomplete view of soil function,
degradation and sustainable productivity. Beyond the physical,
geochemical and biological aspects, agricultural management is
the result of the interrelated views and actions of producers
and landowners (Pulido and Bocco, 2003, 2014; Martin-Clouaire,
2017; González-Morales et al., 2018). Hence, in order to fully
characterize soil degradation processes and improve soil quality
in the long term it is critical to integrate the perceptions,
necessities and socio-cultural context of local producers into
agroecosystem understanding (Pulido and Bocco, 2003; Altieri,
2004).

In Mexico, in the last decades, the work of the Ministry
of Agriculture (currently known as SADER), as well as some
international and national organizations involved in agricultural
production, has been mainly focused on increasing crop
production through the use of synthetic pesticides and chemical
fertilizers, with little or no collaboration or dialogue with local
producers. For example, regarding soil conservation, one of the
programs fostered by the Mexican government has encouraged
the adoption of Conservation Agriculture principles by small
producers (MASAGRO, see CEMDA, 2016), without taking

1Agroecosystems are ecological, productive and social units of food production
composed by living and nonliving elements, as well as their interactions and the
processes they enable (Rosset and Altieri, 2018).

into account its pertinence from a biocultural perspective,
compatibility with traditional production systems, or the local
community’s necessities (Winters and Davis, 2009; CEMDA,
2016). This has led to an inefficient use of resources and, in
some cases, to the violation of human rights, such as the rights
to cultural identity, adequate food and a healthy environment
(CEMDA, 2016, 2017; DESCA, 2017). This highlights the
crucial role of the active participation of local stakeholders and
communities to inform soil-related decisions and design policies
with a biocultural approach (i.e., supporting both the cultural and
biophysical components of local communities social-ecological
systems) (Tengö et al., 2014; Lyver et al., 2019).

Methods for increasing public participation in scientific
research and decision making have been widely developed and
include approaches as varied as citizen science, participatory
action research and participatory modeling (Sandker et al., 2010;
Shirk et al., 2012). Such participatory methods contribute to
an open dialogue and interaction across several societal actors
to achieve a shared view or decision and take responsibility
for it, as well as to address problems (Bousset et al., 2005). A
frequently used participatory approach for understanding social-
ecological systems is the analysis of mental models through
Cognitive Mapping (CM) (Gray et al., 2013). Mental models
are personal internal representations of the external world.
These representations are unique to each individual, dynamic,
and context-dependent. Eliciting mental models usually relies
on interviewing individuals to develop cognitive map network
models (Jones et al., 2011; Halbrendt et al., 2014). Mental models
are thus represented as Cognitive Maps (CMs) depicted as the
relationships (edges) between concepts (nodes) that describe a
system and may represent direct and indirect causality (Özesmi
and Özesmi, 2004; Gray et al., 2013). The development of
collective mental models is feasible because a certain degree
of shared understanding among groups of people with similar
experiences is expected (Jones et al., 2011). Collective perceptions
within communities can reflect the shared understandings of a
social-ecological systemwhich include the physical and biological
processes and their interactions; the social actors involved, their
expectations and relations; as well as the rules and norms
that drive social-ecological change (Halbrendt et al., 2014;
Reyers et al., 2018). Community perception is dynamic and
may change in time and across sectors, regions or groups
(e.g., Bertram and Rehdanz, 2015). Specific cases on which
participatory methods and mental models have been employed
include water management (Mathevet et al., 2011), learning and
education (Elsawah et al., 2013), understanding urban resilience
and transformation (Olazabal and Pascual, 2016; Siqueiros-
García et al., 2019; Zambrano et al., 2019) and risk management
(Devisscher et al., 2016), among others.

Studies with a participatory approach on community
perception regarding agricultural soil quality and degradation
have been developed mostly in Africa (Barker, 2009; Mekuria
et al., 2009; Dawoe et al., 2012; Kuria et al., 2019), Europe
(Dury et al., 2010; Lamarque et al., 2013; Karali et al.,
2014), and to a lesser extent in Latin America (Barrios and
Trejo, 2003; Vignola et al., 2010; Lima et al., 2011). To our
knowledge, there are a few studies in Mexico that consider the
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communities’ perception regarding soil quality and degradation
(see Tucker and Castellanos, 2010; Barrera-Bassols, 2016;
González-Morales et al., 2018). However, none of them examined
different perceptions across multiple social sectors, ecoregions
and agroecosystems.

In the present study we conducted a study that sought to
integrate and analyze different perceptions regarding quality and
degradation of agricultural soils across several social sectors
including producers of two annual crops (maize and beans) and
two perennial crops (coffee and avocado) with high economic
and cultural significance, civil society organization members and
decision makers or technicians from the Federal Government.
We analyzed the community perception using CMs generated by
different focus groups, which are planned discussions facilitated
by a moderator (Slocum, 2003). In spite of the differences
among groups, and the diverse ecological and social contexts
of the regions involved, we expected to find some common
elements and concerns that could suggest shared perceptions and
touchpoints among sectors. We also expected to find exclusive
elements and concerns for specific groups, which can reflect
potential areas of conflict and should be considered in future
decision-making processes. This study contributes to a deeper
understanding of the current situation of agricultural soils
in Mexico and seeks to inform the decision-making process
regarding agricultural management in the country.

METHODS

Two types of agricultural systems were included in the study.
On the one hand, we included localities with annual crop
production that consisted of maize and beans agroecosystems
located in the central states of Guanajuato and Puebla. On
the other hand, we included localities with perennial crop
production that consisted of coffee and avocado agroforestry
systems2 located in the eastern state of Veracruz, Mexico.
Within these systems, the specific study sites spanned several
types of agricultural practices, from backyard orchards and
small-scale farming to highly technified and input-dependent
production (Figure 1). This selection allowed us to include a
wide range of biophysical and social characteristics associated
with production systems. For instance, some of the coffee
producers that participated in one of the focus groups were
following only organic agricultural practices, whereas some
others were practicing intensive agriculture. The focus groups
were carried out in two localities of Guanajuato (Guarapo and
La Quemada), and one locality in Puebla (Zapotitlán Salinas).
As for the coffee region, focus groups took place in Veracruz
in the localities of San Pablo Coapan, Coatepec and Huatusco.
In the latter, a focus group was also conducted with avocado
producers. Additionally, two focus groups were carried out in
Mexico City at the National Autonomous University of Mexico
(UNAM): one with members of three Mexican Civil Society
Organizations promoting sustainable agriculture, and another

2Agroforestry systems are productive units in which woody and herbaceous
perennials are combined, temporally or spatially, with animals and crops (Rosset
and Altieri, 2018).

one with members of three federal entities in charge of soil and
water conservation in agricultural contexts (see details below).

Social Sectors Involved in the Study
The four social sectors participating in the project were: (1)
Small-scale producers of the annual crops maize and beans
(MBP), (2) producers of perennial crops coffee and avocado
(CAP), (3) members of several Civil Society Organizations
(CSO), and (4) decision makers or technicians from three
different offices of the federal government (FG). Most of
the participants were males (91%) and showed willingness to
participate and be informed about the outcomes of the research.

Small-Scale Producers of Maize and Beans
It is important to note that among food producers there is a
large variety of socioeconomic groups, and besides agriculture,
other economic activities are developed in the study sites
such as cattle raising, trading and tourism. Focus groups
were conducted in three localities: Guarapo, La Quemada and
Zapotiltán Salinas. The former two in the state of Guanajuato
and the latter in the state of Puebla (summary in Table 1;
see Supplementary Material 1 to consult characteristics of the
localities). We extended an invitation to producers who had
previously collaborated with some of the co-authors’ projects
or institutions. Specifically, maize and bean producers were
contacted by one of the co-authors (A.W.).

Producers of Coffee and Avocado
Four focus groups were conducted with coffee and avocado
producers in the state of Veracruz, as summarized in Table 1.
Producers were all from municipalities found at the Trans-
Mexican Volcanic Belt. Avocado producers were contacted
by one of the co-authors, who had previously collaborated
with them (F.R.), most of whom are active members of the
Veracruz Association of Avocado Growers, whereas coffee
producers were contacted through the Cafecol A. C., which
is an organization in Veracruz in charge of developing and
transmitting traditional, scientific and technological knowledge
among producers and where producers, processors, roasters and
coffee shops participate.

Civil Society Organizations
We invited organizations working closely with food producers or
interested in agroecosystems and soil sustainability topics. The
three CSO that participated in the focus group were: (1) Enlace
Comunicación y Capacitación (Enlace CC, A.C.) working on the
promotion of social programs and productive projects in low
income communities (one participant), (2) Grupo de Estudios
Ambientales (GEA) working on sustainability projects (one
participant), and (3) Centro Mexicano de Derecho Ambiental
(CEMDA) working on the legal defense of natural resources and
the right for a healthy environment (one participant).

Decision Makers or Technicians From the Federal

Government
We extended an invitation to government offices related
to policy generation and decision-making regarding soil
conservation and agriculture in Mexico. Members of the
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FIGURE 1 | (a) Localities of interest in the states of Guanajuato, Puebla, Veracruz and Mexico City [altitude map by Comisión Nacional para el Conocimiento y Uso de

la Biodiversidad (1998)]. Focus groups with coffee producers (two co-authors provided consent to be identifiable in the image) (b) and officials of the federal

government (c). Sites where maize and beans are cultivated (d–g) and sites where coffee and avocado are produced (h,i).

following ministries agreed to participate in a focus group:
(1) Ministry of Natural resources (SEMARNAT) in charge of
the protection, conservation and use of the natural resources
allowing sustainable development (one participant); (2) National
Water Commission (CONAGUA) focused on the administration,
regulation and protection of water resources but largely involved
in land-use ordering and watershed planning (two participants);
and (3) Commission for the Knowledge and Use of Biodiversity
(CONABIO), an inter-secretarial commission in charge of
promoting the conservation and sustainable use of biological
diversity (one participant).

Elicitation of Perceptions and Cognitive
Maps Building
Focus groups, a participatory approach involving group
dynamics and consensus building, were employed to obtain
information about the participants’ mental models regarding
soil quality (Figure 2). CM were used to represent mental
models and group’s perceptions (Gray et al., 2014). The design
of the activities carried out in each focus group aimed to
ensure that the perception of the focus group community
was effectively captured and not only the perception of
few individuals. The focus groups’ activities engaged the
participants in a dialogue to discuss agricultural soil quality
and degradation at the community level. In addition, a
method to systematically analyze the CM components and
network structure and to compare multisector perceptions

(CM of different social sectors) was introduced (see
Figure 2).

Focus Groups: Activities, Organization and People

(Participants and Facilitators)
In order to obtain a group’s CM several activities were carried out
with each focus group. The focus groups’ dynamics were designed
for 5 to 15 participants. The activities were coordinated by three
to five facilitators who supervised timing, documented activities,
and supported the attendees when required. The overall focus
group involves 3 to 4 h of activities. Below we include a detailed
description of each one of the activities:

1) Introduction of the participants.–Getting to know the
participants and promoting dialogue. This activity promotes
the dialogue and helps the attendees to know each other, as
well as background and experience. Thus, participants introduce
themselves and briefly describe their activities and interests.

2) Rich picture construction.–The activity aims to identify
multiple viewpoints and is based on a specific question to be
collectively addressed. The central question referred to how
the participants perceived the issue of soil degradation in their
community or field of expertise, but it was adapted depending
on the site. This question is discussed, and participants draw
a sketch to illustrate their thoughts and discussion. In the case
of large attendance, the group is separated into subgroups of
up to five persons. A first community dialogue among the
participants around the triggering question is the beginning
of the activity and it is followed by the collective sketching
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TABLE 1 | Main characteristics of the six localities where focus groups with local food producers were conducted.

Locality (State) Crops Dominant

soils

Climate Average annual

temp. (◦C)

Average annual

rainfall (mm)

Focus groups

participants

Guarapo

(Guanajuato)

Maize and beans Vertisol,

Phaeozem

Semi-warm sub humid with heavy rains in

summer

19.8 564.9 14 small-scale producers

(all men)

La Quemada

(Guanajuato)

Maize and beans Phaeozem Semi-dry temperate climate 16.7 473 14 small-scale producers (3

women, 11 men)

Zapotitlán Salinas

(Puebla)

Maize and beans Leptosol,

Calcisol,

Regosol,

Fluvisol

Temperate semi-arid with rains during the

summer

14–22 400–450 13 small-scale producers

(12 men, 1 woman)

San Pablo Coapan

(Veracruz)

Coffee Andosol Semi-warm humid with rains all year round

(abundant rains in summer)

18–24 1,100–1,600 9 producers (farmer workers

and smallholders, all men)

Coatepec (Veracruz) Coffee Andosol Humid semi warm and temperate humid

with rains during the summer and all year

round

19.2 1,926 8 farmer workers and 1 farm

manager (all men)

Huatusco (Veracruz) Coffee Andosol Semi-warm humid with rains all year round

(abundant rains in summer)

16–26 1,100–1,600 10 farmer workers (9 men, 1

woman), and 1 landowner

(man)

Huatusco (Veracruz) Avocado Andosol Semi-warm humid with rains all year round

(abundant rains in summer)

16–26 1,100–1,600 11 producers (farmer

workers, landowners and

smallholders, all men)

FIGURE 2 | Summary of the workflow and methods involved in the work with focus groups, and in eliciting perceptions and analyzing the CMs.

of such ideas. The construction of the rich picture should
have a duration of 10 to 15min. During this activity a
facilitator is making notes and refocusing the discussion when
necessary. The outcome is a rich picture per work group
(Figures 3a,b).

3) Rich picture explanation and collecting concepts for the
CM.–A member of each group explains the sketch to all of the
participants. While the explanation is carried out, two facilitators
document the main ideas; one of them writes on paper cards
the ideas, phrases or words the exponent mentions, while the
other makes a list of words or phrases. This list is visible for

everyone and will complement the cards. Through a narrative
or qualitative description of the sketches facilitators obtain the
words, phrases and concepts that in turn will be the elements of
the CM.

4) CM building.–During this activity, a collective CM is
constructed by connecting the card words (concepts of the
CM). This allows to build a dialogue and consensus on the
structure, dynamics and understanding of the central question
raised at the beginning of the participatory focus group. To
begin with, the participants are asked to choose -among all of
the cards- a keyword to start. From this keyword, attendees
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FIGURE 3 | Activities conducted during the focus group. (a) Rich picture drawn at the beginning of a focus group and (b) producers of maize; (c) Group CM built

during the focus group with coffee producers, and (d) same group CM depicting weighting scores for the most important concepts according to the participants

during the focus group.

start to connect components to each other through causal
relationships, which takes place by defining links between the
cards. A causal relationship refers to one concept that has a
direct influence on another, that is, increasing or decreasing
it. Thus, variables are connected positively or negatively. At
this stage “new” words or variables not mentioned before can
be added as long as the participants agree and consider them
relevant for the system. A long-enough discussion reflecting the
perception of each one of the attendees is crucial to construct
a representative system. This activity should have a duration of
60 to 90min and the outcome is an agreed upon group CM
(Figure 3c).

5) CM concepts weighting.–A comprehensive community
dialogue is required to accomplish a representative group mental
model. Indeed, training of the focus group facilitators was largely
focused in the promotion of equal participation of the focus
group members, be it by time management or other strategies.
This was easier in some cases, for instance, when the participants
knew each other beforehand and had trustful relationships (e.g.,
some of the maize and bean producers were members of the same
family). In other cases, equal participation was more difficult to
achieve, either because participants did not know beforehand,
or they knew beforehand but had asymmetric relationships

(e.g., some participants worked in the same coffee plantations
but had different employment status). Node weighting was
thought as one strategy to collect the relative importance that
all participants, including those who could have been less
participative, attributed to particular concepts or nodes. Three
stickers with a value of one point each are given to the attendees.
Each participant has to silently select and to mark the most
relevant word (or words) of the system, according to his/her
perception. There are several options to weight individually. For
instance, to put one sticker per card-word, so that a participant
marks three different words with one point each, or the three
stickers can be put on the same word, that is, the three points
go for one word. The outcome of this activity is a weighted CM
(Figure 3d).

Cognitive Maps Analysis

Data, Homogenizing Concepts
For comparing different CMs to identify both similarities and
differences, a standardized set of words or concepts was required.
CMs of different social sectors, for instance food producers and
decisionmakers, contain different words for the same concept, so
that it was necessary to homogenize such words or concepts for
the CM to be comparable. To do this a Thesaurus of concepts was
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generated by the co-authors of this work in collective working
sessions. The thesaurus consisted of the original words used
by each focus group (e.g., producers, decision makers, etc) and
the homogenized/standardized concepts. Homogenization refers
to the process of finding a common terminology to unify the
understanding of concepts (Olazabal et al., 2018) of the different
CMs. The process to build a thesaurus is explained as follows:

i. Databases of the original and homogenized words. A
database was built with the original concepts of each one
of the CMs to be compared as well as standardized words
or concepts. To illustrate, different CMs contained the
variable “chemical fertilizer,” or “inorganic fertilizer system”
or “synthetic fertilizers”; the suggested standardized concept
would be “inorganic fertilizer.”

ii. Depurating concepts. Narrative extracts (audio) from the
focus groups are used to confirm and clarify unclear concepts
or phrases as well as the type of connection/relation (positive
or negative) and doubts on the meaning of words. At this
stage we also consolidated a few identical concepts and
verified that the terminology was consistent (Jetter, 2006;
Alizadeh and Jetter, 2017; Brouwer et al., 2017).

iii. R script. In order to manage the concept database
systematically and reproducibly, we generated a set of
R scripts that enabled us to organize, consult, compare,
visualize or extract information from this database (the script
is available upon request).

Classification of Concepts
Based on the thesaurus, a classification of the concepts
corresponding to environmental, socio-cultural, government,
financial and technological aspects and practices (focused on
water, soil, crop and agricultural system) was carried out. Overall,
the categories include the three main axes of sustainability
(environment, society, and economy), although the society
and economy axes were specified as: financial, technological,
policy, and socio-cultural aspects. In addition, since most of the
cognitive maps included a large number of concrete practices
that we deemed convenient not to collapse into a single category,
we organized practices as related to water, soil, crop and whole
agroecosystems. This allowed us to analyze the commonalities
and differences among the categories represented in the CMs,
not only in terms of broad sustainability-related categories, but
also in terms of concrete practices that varied in scale, scope
and approach. Concepts in the thesaurus were arranged in these
categories by five of the authors, who reviewed each of the terms
in a series of group working sessions where they collectively
coded them. This classification was later used to analyze in depth
and characterize the concepts, as well as to provide additional
insight into the overall structure of the CMs and how these
categories relate to each other.

Digitizing and Visualizing Cognitive Maps
The CMs generated during the focus groups were visualized and
analyzed using the specialized network Mental Modeler (Gray
et al., 2013) and the open source software platform Cytoscape
v3.7.1 (Shannon et al., 2003). Since the CMs can be understood

as networks of concepts, we analyzed and compared them on
the basis of their network features. The networks’ structure
was characterized by calculating the total number of concepts
(nodes), type of node (driver, receiver, ordinary), total number of
connections, connections per node determined as the number of
connections divided by the number of nodes, density calculated
as number of connections divided by the maximum number
of possible connections (Hage and Harary, 1983; Özesmi and
Özesmi, 2004), and complexity calculated as the ratio of receiver
to driver nodes (Özesmi and Özesmi, 2004; Gray et al., 2014).
Three measures of centrality were employed. Degree centrality,
hereafter called connectivity, is used for finding highly connected
nodes, those that are directly linked to many of the nodes
(concepts in CMs) (Sharma and Surolia, 2013). This centrality
measure is the simplest measure of node connectivity. On the
other hand, betweenness centrality shows which nodes act as
“bridges” between nodes in a network, is used for finding the
nodes that indirectly link many nodes of the network and
largely influence the flow of information in CMs (Freeman,
1979; Raghavan Unnithan et al., 2014). Several studies on the
evaluation of complex systems, sustainability science and social-
ecological systems have employed these two measures (see Lü
et al., 2016; Horcea-Milcu et al., 2020). The third measure
was the weighting of the concepts determined by participants
during workshops. The latter, as mentioned before (see section
Small-Scale Producers of Maize and Beans of the methods) is
a measure that reflects the view of the participants and gives
voice to those that find it difficult to express verbally. Although
connectivity, betweenness centrality and node weighting by the
participants are all centrality measures, they are estimated and
interpreted in slightly different ways, which is why they were
used as complementary measures. Each one of the networks
associated with a CM was arranged hierarchically (Hierarchical
Layout algorithm in Cytoscape) to help visualize the flow of
information from the base to the top nodes.

Merging and Comparing Cognitive Maps
For analytical purposes, the three CMs created by the maize-
beans producers (Guarapo + La Quemada + Zapotitlán) were
merged into a representative collective CM (MBP). Similarly, the
four CMs developed by the coffee-avocado producers (Naolinco
+ Coatepec + HuatuscoC + HuatuscoA) were combined into
a single collective CM (CAP). CMs were merged by using
the Advanced Network Merge interface function available in
Cytoscape. Within this function, we chose the mathematical
union of the networks, based on the column that contained the
names of the nodes. As described before, we considered these two
types of producers as belonging to two distinct sectors because
they exhibit important differences in the type of agriculture they
practice (plot scale, cash crop vs. self-consumption agriculture,
etc.). Since we only performed one focus group for CSO and one
for FG, there was no need to merge CMs in these two cases.
It is important to bear in mind the limitations associated with
the fact that the CMs of some social sectors (e.g., maize-beans
producers) were created from multiple sub-CMs generated in
multiple separated focus groups. In those cases, the participants
across focus groups had no social interactions. Therefore, the
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final CMs of all social sectors are not representing the same scale
of social-influence and group dynamics.

From the four networks representing MBP, CAP, CSO and FG
CMs, an exploration to identify the most important nodes was
conducted through the CytoHubba application (Chin et al., 2014)
implemented in Cytoscape with a centrality criterion. The top
10 (and top 11 for CSO) ranked nodes were obtained. Then, for
each of the four social sectors a network with the top ten ranked
connectivity and betweenness nodes was obtained (Figures 5–
8) and visualized with the corresponding weighting of nodes.
Finally, by using the thesaurus of the concepts, visualizing them
with Venn diagrams and applying a merging networks tool
(intersection and difference) in Cytoscape, a comparison of the
CMswas conducted, identifying unique and shared CM concepts.

Cognitive Map Socialization
We developed a poster with a stylized version of the CM for each
site and sector, visited each one of the localities where the focus
group took place to present the results (final CMs) and discussed
them with the participants. These posters contained the original
terms used by the participants of the focus groups, not those used
in the thesaurus. Posters were designed in order to be used on a
table or a wall in an individual or collective manner (examples of
these posters can now be found as Supplementary Material 2).
Printed or digital versions were handed to the participants of
the focus groups and, in some cases, also to local authorities or
local institutions. However, in these follow-up visits we could not
gather the focus groups again and collected mostly individual
and incomplete impressions of the CMs. Therefore, the final
CMs were not strictly validated at the end of the project by the
focus groups.

RESULTS

Cognitive Maps, Their Representation and
Interpretation
For each focus group a CM was built. These were visualized
as networks connecting nodes (concepts) through either
positive (gray) or negative (red) edges (Figure 4). Each node
represented a concept that could be an abstract idea such
as “distrust in government programs,” a tangible object like
“organic matter” (Vasslides and Jensen, 2016), or any ideas that
individuals or a group considered part of the system (Levy
et al., 2018).The size of the nodes represents the connectivity,
calculated as the total number of connections with other
nodes. The color of the nodes (from warm to cold colors)
corresponds to the betweenness centrality or the number
of minimal paths passing through each node. Large, warm-
colored nodes are postulated as key concepts in the CM (see
complete CMs of the four sectors in Supplementary Material 3).
Black dots indicate the node weighting made by the focus
group participants.

The blue arrow to the left shows the proposed flow of
information. At the bottom of the network, the driver nodes are
localized (nodes that influence the system but are not affected
by others in the spatio-temporal scale that the group considered
in the discussion). Toward the middle section are located the

ordinary nodes (nodes that are affected by others but also
influence other nodes). At the top of the network are the receiver
nodes (nodes that are only affected by others) (Figure 4). We
calculated connectivity and betweenness centrality of each node,
as these metrics are often used to indicate the relative importance
of a node in structure and integration of the whole system
(Newman, 2010). An example of a CM generated from a single
focus group is presented in Figure 4.

Cognitive Maps per Sector
The merged network for the MBP (Supplementary Material 3)
showed that among the driver nodes were Trees, Government
support and Soil depth. The nodes with the highest connectivity
were Rain, Crop production, and Own economic resources,
whereas that the two former nodes along with Organic fertilizers
were the nodes with the highest betweenness. The greatest
percentage of node weighting was for Rain (28.8%), followed
by Water and soil retention techniques and Organic fertilizers
(19.2% each) and these concepts corresponded to the categories
of Environmental aspects, Practices focused on agroecosystem
and soil (Figure 5).

As for the merged network of the CAP
(Supplementary Material 3), among the driver nodes were
Extensive production model, Traditional plantation, Sustainable
plantation, and Gravel. The nodes with the highest centrality
(connectivity and betweenness) were Permeable soil, Tree shade
and Moisture which corresponded to Environmental aspects
category (Figure 6) and were also among the concepts with the
highest weighting percentages (Moisture 30.3% and Permeable
soil with 24.2%).

For the CSO CM (Supplementary Material 3) the
driver nodes included Public policies, Extensive agriculture,
Extensive production model, Climate change, and Green
fertilizer among others. The nodes with the highest
connectivity were Cultural identification, organization, and
collective knowledge, Extensive agriculture and Public policies
which fell into the Socio-cultural aspects, Public policy
and programs and Practices focused on agroecosystem
categories (Figure 7). As for the betweenness, again, the
nodes Cultural identification, organization, and collective
knowledge, Extensive agriculture and Crop production had
the highest values. The former concept along with Public
policies showed the highest weighting percentage with
33.3% each.

The FG network (Supplementary Material 3) had among
the driver nodes Abuse of agrochemicals, Lack of continuity
of programs, Deforestation, Irrigation systems technification,
Land tenure, and Taxes. The driver nodes fell into almost
all of the proposed categories of concepts. The node Land
use change had the highest connectivity followed by Public
policies and Soil compaction. Again the nodes Land use
change and Soil compaction along with Livestock had the
highest betweenness. Land use change was also the one with
the highest weighting percentage (60%) given by participants
(Figure 8).

In general, the concepts corresponding to the Environmental
and Socio-cultural aspects as well as Practices focused on soil
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FIGURE 4 | Example of a hierarchized Cognitive Map (CM). The blue arrow to the left shows the proposed flow of information. Positive and negative relations are in

gray and red, respectively. The size of the nodes represents the connectivity and the colors of the nodes (from warm to cold colors) corresponds to the betweenness

centrality. Black dots indicate the node weighting.

FIGURE 5 | Top ten nodes for the MBP CM based on centrality measures. The size of the nodes corresponds to connectivity (the bigger the node, the more

connections it has). Black dots represent the weighting scores.

and crop categories prevailed in the CMs (see Figure 9). The
highest proportion of categories across the four social sector
networks based on connectivity (Figure 9A) was Environmental

aspects (having MBP the highest proportion followed by
CAP, CSO and finally FG with the lowest proportion). As
for betweenness centrality (Figure 9C) the highest proportion
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FIGURE 6 | Top ten nodes for the CAP CM based on centrality measures. Size of the nodes correspond to connectivity. Black dots represent the weighting scores.

FIGURE 7 | Top eleven nodes for the CSO CM based on centrality measures. Size of the nodes correspond to connectivity. Black dots represent the weighting scores.

was for the Environmental aspects (for CAP), Socio-cultural
aspects (for MBP and CSO) and Practices focused on soil
(for FG). In addition, the Cognitive color spectrum charts (see
Cholewicki et al., 2019; Hodges et al., 2019) were developed
to show the sequence of dominance based on the connectivity
and betweenness (Figures 9B,D, respectively). The category of
Environmental aspects was dominant across the four networks
based on connectivity (Figure 9B), and the less dominant

categories were Technological aspects (for MBP and FG) and
Practices focused on soil (for CAP and CSO). In terms of
betweenness (Figure 9D), the dominating categories were Socio-
cultural aspects (for MBP and CSO), Environmental aspects (for
CAP) and Practices focused on soil (for FG), whereas the less
dominating categories were Technological aspects (for MBP),
Practices focused on water (CAP and CSO) and Practices focused
on agroecosystem (for FG).
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FIGURE 8 | Top ten nodes for the FG CM based on centrality measures. Size of the nodes correspond to connectivity. Black dots represent the weighting scores.

FIGURE 9 | Proportional centrality for each category for the sum of connectivity (A) and the sum of betweenness (C) per network as well as the Cognitive color

spectrum charts of the four networks based on connectivity (B) and betweenness (D).
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TABLE 2 | Summary of metrics and structure statistics for each one of the four

sector’s networks. Average (Ave) and standard deviation (SD) for the metrics.

Social sectors

MBP CAP CSO FG Ave SD

# Nodes 58 81 60 51 62.50 12.92

# Network hierarchical level 13 17 9 9 12.00 3.83

# Driver nodes 17 17 11 12 14.25 3.20

# Receiver nodes 14 21 18 15 17.00 3.16

# Ordinary nodes 27 43 31 24 31.25 8.34

# Positive edges 12 116 76 51 63.75 43.67

# Negative edges 46 72 22 23 40.75 23.60

# Total connections 135 188 98 74 123.75 49.64

# Weighted nodes 7 10 5 3 6.25 2.99

Connection per node 2.33 2.32 1.63 1.45 1.93 0.46

Density 0.04 0.03 0.03 0.03 0.03 0.01

Complexity 0.82 1.24 1.64 1.25 1.24 0.33

Network hierarchical level refers to the number of levels that a hierarchized Cognitive Map

(CM) has.

Cognitive Map Intersectoral Comparisons,
Commonalities and Specificities
For each one of the complete CMs the metrics summarizing the
network structure were obtained (Table 2). The networks with
the highest and lowest number of nodes (81 and 51) and the
total number of connections (188 and 74) were CAP and FG,
respectively. As for connections per node,MBP and FG presented
the highest (2.33) and the lowest (1.45) values, respectively.
Regarding complexity, the CSO and MBP networks presented
the highest (1.64) and the lowest (0.82) values, respectively. It
is important to note that higher values of complexity indicate
complex systems thinking (Özesmi and Özesmi, 2004; Gray et al.,
2014). Similar values of density were observed across the four
networks (see Methods).

The comparison of the concepts of the four social sector’s CM
(Figures 10, 11) revealed that the following five concepts
were shared among all the participants: Deforestation,
Water and wind erosion, Inorganic fertilizers, Agricultural
mechanization, and Cultural identity, organization and collective
knowledge (Figure 10). These concepts fell into the categories of
Environmental aspects, Socio-cultural aspects, Practices focused
on soils and Practices focused on crops. It is also worth noting
that each one of the sectors had exclusive concepts, that is,
concepts not shared with any other social sector (Figure 11). For
instance, CSO is the only sector that mentioned a Technological
aspects category, specifically the Transgenic concept or within
the category of Environmental aspects the concept of Climate
change. Likewise, concepts such as Corruption, Distrust of
government programs and Landowner decisions were mentioned
only by the FG sector (See all of the exclusive words in
Supplementary Material 4).

As for the weighting of nodes, the scores (given by participants
during the focus groups) generally matched the top ten
betweenness nodes in almost all of the networks (Figure 12).

This suggests that the top ten selection upon network properties
recovers the set of nodes that were considered themost important
by participants and that, therefore, network properties might
be good proxies for the individual perception of importance.
Among the concepts with the highest scores were Rain, Water
and soil retention techniques and Organic fertilizer and these
were present in the MBP sector. The weighted and shared nodes
between several social sectors wereCrop production (contained in
three out of the four practitioner groups, MBP, CAP, and CSO),
Soil fertility loss (shared between the sectors MBP and CAP),
and Public policies (shared between CSO and FG sectors) (see
Figure 12).

Finally, the CMs generated and digitally visualized after the
focus groups were shared with the actors who participated
in the focus groups, as well as with other people in the
localities interested in the research project. A second round of
meetings was carried out at the same localities in the states
of Guanajuato, Puebla and Veracruz to present and hand over
material containing the main results of the analyses and the
interpretation of the CMs (Section Cognitive map socialization
and Supplementary Material 2). Such dissemination material
was distributed and discussed with local producers during visits,
whereas that for the members of the CSO and FG reports
summarizing the outcomes were delivered by mail. Overall, the
participants agreed with the final representation of the CMs
and the posters were sometimes used by the participants to
imagine scenarios in which one or some of the nodes were
removed. In one of the sites (Puebla), the map was used to
collectively explore scenarios in which one or more nodes were
modified. This exercise allowed some of the local producers
to discuss the specifics and value of traditional techniques for
water accumulation in steep plots, especially under scenarios of
extended dry seasons.

DISCUSSION

Perceptions, necessities and the socio-cultural context of
several social actors are required to attain a comprehensive
characterization of soil degradation processes, as well as to
develop integral and efficient soil conservation strategies and to
increase soil quality. In this study, we integrated and analyzed the
perceptions of several social sectors involved in the management
of agricultural soils in Mexico. Participatory methods have been
successfully used in other soil studies conducted in Mexico with
the aim of exploring the perception of various social sectors
on soil processes and integrating different knowledge systems
(e.g., Grossman, 2003; Reséndiz-Paz et al., 2013; Barrera-Bassols,
2016). However, most of these studies assess the understanding
of soil processes through interviewing food producers from a
single community with the main objective of comparing local
and scientific soil knowledge. Here, we used a series of activities
with focus groups for different social sectors, which were aimed
to elicit the collective perceptions regarding soil quality and
degradation and to render CMs for each sector.

Through the comparison of the CMs, we aimed to identify
concepts that could help establish dialogues among sectors, as
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FIGURE 10 | Venn diagram showing the shared concepts between sectors and the five concepts shared among all of them (red arrow).

well as areas of potential conflict that require attention in future
decision-making processes. Some of these concepts are further
detailed in the following paragraphs. Due to the commitment
and active participation of the four social sectors in the focus
groups (see Tucker and Castellanos, 2010; González-Morales
et al., 2018), interesting outcomes were obtained nourishing
further our analysis and discussion. Like other studies, we found
that by applying a model collection technique with concepts
chosen freely (Gray et al., 2014; Henly-Shepard et al., 2015), the
participants were able to debate and articulate their perception
of the system with no apparent constraints (Jetter and Kok,
2014; Siqueiros-García et al., 2019). A hierarchical arrangement
of CMs and the network analyses contributed to: (1) visualize
the order of influence from the components over the whole
system and to identify driver, ordinary and receiver nodes, (2)
to hint on the potential long- or short-term effects of actions
taken to improve soil quality, and (3) to identify key components,
concerns and conflicts across social sectors that could be potential
action areas and focus for upcoming decision making processes
(Figures 5–8).

It is worth noting that the network analyses allowed to identify
nodes or concepts with high connectivity and betweenness values

within CMs and that such nodes coincided with those weighted
individually by the focus group participants, which supports
the use of network analyses to uncover key concepts in CMs
(Figures 5–8, 12). For example, for MBP the concept Organic
fertilizer was highly weighted (19.2%) and presented a relatively
high value of betweenness. The concepts Crop production, Soil
fertility loss and Public policies appeared among the top ten
connectivity and betweenness nodes in several of the social sector
networks and these were highly weighted as well. Thus, concept
score weighting represents a reliable method to identify the
most central components of a system. It also reflects that during
the group work and discussion the participants are aware or
become aware of the crucial role of the interactions in the overall
system. Moreover, the commonalities found among sectoral CMs
suggest that these representations are coherently capturing the
perceptions around soil degradation and encourage us to further
our interpretations and use of the obtained CMs.

As expected, all of the CMs shared some concepts belonging
to the categories of Environmental aspects and Practices focused
on soil (see Figures 5–9), although there was no consistent
pattern regarding their location (bottom, middle or at the top)
in the CMs. For the CMs of the four sectors (Figures 5–8)
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FIGURE 11 | Venn diagram showing the number of exclusive concepts and the categories in which these fell for each one of the sectors. In bold a category

mentioned only by one of the four sectors (see details in Supplementary Material 4).

FIGURE 12 | Distribution of nodes centrality (connectivity and betweenness) and nodes weighting for each of the CMs.
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the highest values of centrality (connectivity and betweenness)
were observed for concepts belonging to the Environmental and
Socio-cultural aspects and Practices categories, particularly those
focused on crop and soil (which were also the most dominant
categories, see Figure 9), highlighting a shared understanding
regarding the relevance of soil management on soil quality.
Indeed, some soil quality indicators like organic matter content
and aggregation, change with management over the years
(Karlen et al., 2008; Weil and Brady, 2017). Moreover, these
concepts were consistently connected to concepts belonging
to the Environmental aspects category, which include soil
characteristics that are unaffected by management. Three out of
the four CMs contained the word Crop production (Practices
focused on crops) including MBP, CAP, and CSO, and in all
of these cases, this concept was a highly connected receiver
node suggesting that for food producers, crop productivity
is an important index for soil quality. These results reveal
the farmers’ practical approach to soil quality assessment, as
found by Barrera-Bassols (2016) in an indigenous community
of Central Mexico. In accordance with other studies conducted
in Latin America, other indicators of soil quality among food
producers were related to the presence of certain soil biota (like
earthworms) and soil color (Barrios and Trejo, 2003; Barrios
et al., 2006).

It is known that soil quality is related to soil functionality,
such as productivity, biodiversity, filtering and buffering
contaminants, nutrient cycling, water and solute flow, and
physical stability (Karlen et al., 2008). However, food producers,
members of CSOs and the government also relate soil quality
to various socio-cultural, financial and technological aspects
that are usually overlooked when dealing with soil degradation
and developing soil conservation strategies. More importantly,
some of these concepts are driver nodes. When modified, they
can have large consequences on the whole agroecosystem. For
instance, in the CM of FG Public policies was a strong driver
node, reflecting their historical and current influence in many
agricultural systems in Mexico. Likewise, the concept of Cultural
identity, organization and collective knowledge was present in
all CMs and influenced other concepts related to soil and
agroecosystem management. Driver nodes by definition have
considerable influence upon the other components and the
connections going toward the top. While this definition of driver
nodes may be artificially lineal in systems that often exhibit
feedback, it is important to consider the long-lasting effect of
changes on these nodes. For instance, based on the complete
version of the CMs, specifically for the CM of CSO (Figure 7) if
action is taken to improve Public policies (driver, at the bottom of
the CM) the outcomes will be reflected in the medium and long
term on aspects such as Crop vulnerability and Soil loss (receiver
nodes, at the top of the CM). On the other hand, the components
on the highest levels of the network tend to refer to problems
and immediate necessities, that is, those urgent to satisfy and
possibly attracting most of the resources. Among these are, for
example, pest control, crop productivity, water and wind erosion,
degradation and water infiltration. While reflecting important
matters and often corresponding to central and highly connected
nodes, decisions made to solve urgent issues may contribute
relatively little to the entire system sustainability in the long term.

In this sense, public policies aimed at improving agricultural
soils quality and agroecosystems sustainability should focus
on strengthening cultural identity, organization, and collective
knowledge, as well as increasing farmers economic resources and
maximizing their cost-benefit ratio (Figures 5, 7, 8). In contrast,
public policies are too often focused on increasing crop yields
(e.g., CEMDA, 2016), disregarding the drivers that could have
a positive longer lasting effect on agroecosystems sustainability.
Mexico is a country in which many people live and have the
right to self-determination, and public policies have been largely
criticized for being imposed on these people (CEMDA, 2017). In
this sense, we suggest that the Public policy nodes could also be
interpreted as the collective decision over the territories made
by local or communitarian institutions whose actions may have
integrative and long-term effects.

The conceptsDeforestation,Water and wind erosion, Inorganic
fertilizers, Agricultural mechanization, and Cultural identity,
organization and collective knowledge were shared among the
four social sectors (Figure 10) and were always mentioned as
problems or sources of conflict. For instance, one of the most
mentioned sources of problems during the focus groups was the
excessive use of inorganic fertilizers, which is clearly reflected
in the CMs of MBP and CAP (Figures 5, 6). Interestingly,
despite all social sectors consider the use of inorganic fertilizers
problematic, their use in Mexico and in most Latin American
countries has been steadily increasing over time (Betancourt,
2020). Even though these five concepts were not the ones with the
highest values of centrality (connectivity and betweenness) (see
Figures 5–8), their common emergence in CMs highlights their
importance in the design of government programs and public
policies. Specifically, the shared mentions to Cultural identity,
organization and collective knowledge draws attention to the
historical disregard of these aspects in the design of government
policies and calls for truly participatory processes for the design
and continuous assessment of public policies in agricultural
matter (see Winters and Davis, 2009; CEMDA, 2016). In Mexico,
poorly designed policies or programs to support agricultural
productivity strongly affects agricultural management choices
(e.g., Zarazúa-Escobar et al., 2011; Appendini, 2014; CEMDA,
2016). For instance, some programs actively promote the use
of chemical fertilizers to increase crop production (Winters
and Davis, 2009). Furthermore, the lack of systemic actions
supporting the adoption and application of locally-produced
organic fertilizers is notorious (CEMDA, 2016). This supports
the idea that traditional practices including the application of
organic fertilizers as well as their preparation through local
techniques are not being taken into account, promoted nor
financially supported by government policies. In this regard, only
in the CM of MBP appeared the concept Organic fertilizers,
that besides being one with the highest connectivity and
weighting score was connected to Crop production and Own
economic resources. As mentioned during the focus groups,
local producers must invest their own economic resources,
that along with many other complex circumstances, force
them to take government financial support with whatever
conditions attached, adopting for instance the use of chemical
inputs and foremost depending thoroughly on them and
giving up traditional practices including crop rotation and
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green manure (Rasmussen and Collins, 1991; Appendini,
2014).

Some exclusive concepts per sector were directly or indirectly
related to time scales, the effects of soil conservation and
degradation or were related to site-specific characteristics. For
instance, Conservation tillage was an exclusive concept for
the MBP, while Conservation of soil permeability was only
mentioned by CAP. Both are site-specific concepts. Conservation
tillage is a soil conservation strategy that has been promoted
in areas that produce annual crops and would hardly be
relevant in avocado and coffee production. On the other hand,
conservation of soil permeability was an important concept
in localities with high average annual rainfall and does not
represent a problem in other sites (Table 1). The concept Abuse
on the use of agrochemicals was a private concept for FG
(Supplementary Material 4), underscoring the notion of conflict
around the use of inorganic fertilizers, herbicides, and pesticides.
These concepts are reflecting actions that can be executed day by
day or somehow imply short-term modifications. On the other
hand, the exclusive concepts of CSO included Soil restoration that
represents a more abstract but long-termed concern for securing
agriculture food production for future generations.

By going deeper in the analysis of unique concepts, we
found that CSO social sector was the only one that mentioned
the concepts: Transgenic crops, Impacts on human health and
Climate change, revealing concerns that involve long-term
processes and problems that are not so directly related to soil
quality or degradation but are important for agroecosystems
sustainability. We could also observe a difference in the spatial
scales considered by the different sectors. For instance, the
FG CM and rich pictures refer to a basin or regional scale
(Figure 8; Supplementary Material 4), while the MBP CM refer
to a plot or local scale (Figure 5; Supplementary Material 4).
This coincides with other soil studies conducted in the Global
South where local practitioners have greater knowledge of
local soil processes but lack a broader understanding of soil
processes at larger spatial scales. Conversely, technical or
scientific knowledge systems fail to grasp site-specific details but
exhibit a general understanding of soil processes at regional and
global scales (Barrios et al., 2006; Barrera-Bassols, 2016). These
complementary sources of information should be considered in
the design and implementation of public policies and programs
that are pertinent for each context. It is worth noting that shared
concepts, categories and scales considered altogether point to
OSC as ideal bridges in the dialogue among sectors, which is why
they should probably be continuously involved in the design of
programs and policy regarding soil quality and degradation.

It is noteworthy that the sites where maize and beans
are cultivated exhibit a high incidence of land abandonment.
Indeed, most of the young population from Guarapo migrate
to the United States looking for job opportunities. Although
seemingly disconnected, migration turned out to be an
important concept for soil quality among maize and beans
producers. Since many public policies and programs supporting
agricultural productivity (through technological improvements
and marketing) promote capitalization with equipment, that is,
purchase of machinery and agricultural implements (Zarazúa-
Escobar et al., 2011; Orozco-Hernández et al., 2017), migration

abroad is also encouraged or stimulated as it represents an
opportunity to obtain enough capital and to adopt technologies
for crop management, that, in turn, are expected to ensure
crop production, among other aspects (Zarazúa-Escobar et al.,
2011; Figures 5, 6; Supplementary Material 4). In contrast,
coffee and avocado producers did not mention migration, land
abandonment and other socio-cultural concepts. However, their
CM revealed a great influence of the coffee and avocado regional,
national and internationalmarkets. Differences among producers
like the ones emerging from their CMs have not been adequately
considered in the development of public programs and policies
and may thus lead to the partial or total failure of such policies
(Camacho-Villa et al., 2016; CEMDA, 2016).

As for the limitations of our study, the uneven number of
participants in the focus groups might lead to biases in the
outcomes. However, in the case of the CSO (three participants)
and FG (four participants), the small number of participants was
partially overcome by a thorough selection of participants, as
they were working directly with local food producers or were
members of the ministry in charge of the design of public policy
and programs focused on agricultural soils and water resources
in Mexico. Moreover, the participatory elicitation process aimed
to capture all relevant concepts for a group of practitioners
no matter the number of participants (Singer et al., 2017;
Siqueiros-García et al., 2019). On the other hand, the edaphic,
environmental and socio-cultural conditions involved in soil
management in Mexico are extremely heterogeneous and are
surely not fully represented by the set of sites and participants in
the study. Indeed, while we considered diverse crops of cultural
and economic importance (annual and perennial), localities and
ecoregions, some other important crops and types of production
were not considered, and further studies could focus on them.
Nevertheless, this study contributes to a deeper understanding of
the current situation of agricultural soils in Mexico as it spans
several agroecosystems, regions and social sectors.

Among the main contributions of our study for better
understanding the current situation of agricultural soils in
Mexico are, first, the need of identifying the drivers that
improve or diminish soil quality beyond the effects of biophysical
processes. These drivers include, but are not limited to, public
policies, cultural identity, organization and collective knowledge,
and economic resources. In other words, the current situation of
agricultural soils in Mexico is largely driven by soil management
practices that are conducted by food producers but are promoted
by public policies and constrained by economics. Both traditional
and scientific knowledge about strategies that could increase
soil quality exist in different sectors, but many are labor
intensive and food producers are rarely encouraged to put
them into practice. Secondly, our results show that the use
of agrochemicals is regarded as a highly problematic practice.
Although in many cases their use increases crop yields, all
sectors agreed on the fact that it also decreases soil quality.
Mexican agricultural soils are undoubtedly affected by the use
of synthetic fertilizers and other agrochemicals across different
agroecosystems and regions. Moreover, one of the conflicting
points found when comparing CMs was precisely related to the
use of agrochemicals. While for FG the abuse of agrochemicals
is a driver concept that generates other problems (like a poor
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cost-benefit ratio), for CSO the use of agrochemicals is a receiver
node that results from the tendency of intensifying agriculture
and generates dependency and pollution. Finally, Mexican
agroecosystems are highly heterogeneous and improving soil
quality will largely depend on site-specific strategies. In fact,
another difference among CMs was the scale in which different
sectors assess soil quality. As noted, food producers focused
on local scales whereas FG and CSO focused on landscape
or regional scales. This is not necessarily a conflicting point
but rather shows the complementarity of different knowledge
systems. Integrating different knowledge systems is crucial for
the sustainable management of agroecosystems and could have
positive synergistic outcomes for soil quality (Barrios et al., 2006;
Reséndiz-Paz et al., 2013; Barrera-Bassols, 2016).

The methods presented here can contribute to designing
sustainable food systems because they allow to identify current
problems in agroecosystems, as well as their drivers and
consequences. CMs are flexible enough to be unique for
each focus group but their structure and metrics (connectivity
and betweenness) make comparisons across focus groups
possible. Thus, these methods are a powerful tool for exploring
conflicts and agreements among several social sectors. Moreover,
identifying drivers and receivers provide the opportunity of
suggesting changes to the system for avoiding some paths
and strengthening others. Although we focused our study on
agroecosystems soil quality, these methods are applicable for
assessing any social-ecological system (Gray et al., 2015).

Research on the perceptions from different sectors involved
in soil management, degradation and conservation can provide
insights in the actions required to successfully conserve
agricultural soils in the long term. In this respect, this study:
(i) allows to identify local cultural and practical aspects,
some of them revealed as key elements of the system, that
have been left out from major programs and that could be
incorporated in the design of sustainable productive strategies,
(ii) highlights the importance of tackling specific issues that
appear to be a general concern, such as the control of
synthetic fertilizers, (iii) suggests factors that are recognized in
each community as important and that can be the focus of
long-term actions (driver nodes) or of monitoring strategies
(receptor nodes), and (iv) highlights the current role of CSOs
as knowledge breakers and key actors in the establishment
of potentially meaningful dialogue among sectors. Overall,
the incorporation of these diverse perceptions may help
overcome the systemic pattern of infringement of human
rights documented for rural Mexico (CEMDA, 2016; DESCA,
2017). Along with scientific knowledge, multisectoral perceptions
harbor invaluable information regarding the shared concerns,
particularities and potential sources of conflict that can inform
the design, monitoring and evaluation of public policies
and programs.
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