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ABSTRACT

The sustainability of agroecosystems constitutes a global challenge that requires
integration of ecological and social dimensions. This study identifies key actors, their
interests, influence on decision-making, and their relationships. We chose a representative
area of the Espinal ecoregion (Argentina) as a case study. We conducted in-depth and
semi-structured interviews with producers, agricultural advisors, and other stakeholders.
Membership and information-flow networks were analysed and complemented with an
actor map to characterise interest, influence, and relationships. The results indicated that
producers based their decisions on information from agricultural advisors, private producer
groups, and agricultural input cooperatives. The information network was more integrated
than the membership network, and central institutions structured the communities. Private
organisations predominated in these central positions. A public research and extension
institution (INTA) stood out for its central position as a source and intermediary in the
information flow; however, this role is weakening due to funding constraints. Producers
reported conflictual relationships with society and the national government, mainly driven
by environmental and economic tensions. These findings highlight the importance of
understanding stakeholder relationships for agroecosystem management and sustainable
production systems.
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Agroecosystems Social Networks

RESUMEN

La sostenibilidad de los agroecosistemas constituye un desafio global que requiere
integrar dimensiones ecoldgicas y sociales. En este marco, resulta clave identificar a los
actores clave, sus intereses, sus influencias en la toma de decisiones y sus relaciones. Se
seleccion6 un area representativa de la ecorregion del Espinal en Argentina y se realizaron
entrevistas en profundidad y semiestructuradas con productores y otros actores rele-
vantes. Se analizaron redes de pertenencia y de flujo de informacidn, junto con un mapa
de actores para caracterizar intereses, niveles de influencia y tipos de relaciones. Los resul-
tados indicaron que los productores tomaron decisiones a partir de la informaciéon de
asesores agricolas, de grupos privados de productores y de cooperativas de insumos. La
red de informacion fue mas integrada que la de pertenencia y las comunidades se estruc-
turaron en torno a instituciones centrales. Las organizaciones privadas predominaron en
estas posiciones. Si bien una institucidn publica (INTA) se destac6 por su posicidn central
en la red de informacidn, su rol parece debilitarse debido a restricciones de financiamiento.
Asimismo, los productores experimentaron relaciones conflictivas con la sociedad y con el
gobierno nacional, impulsadas por tensiones ambientales y econémicas. Comprender cdmo
se estructuran estas relaciones entre actores resulta fundamental para la gestion de los
agroecosistemas y para avanzar hacia sistemas productivos mas sostenibles.

Palabras clave
mapa de actores sociales  redes organizacionales e flujo de informacién  toma de decisiones
e innovacion e instituciones

INTRODUCTION

Agroecosystems are socioecological systems designed and managed by people to
maximise the provision of specific ecosystem services (ES). However, they also depend
on other ES, such as soil structure and fertility regulation (Lescourret et al.,, 2015; Power,
2010). The sustainability of these systems depends on whether actors consider the
multiple effects of management practices on the overall set of ES (Lescourret et al, 2015).
Managing trade-offs between agricultural production and maintaining ES constitutes a
major challenge, with increasing relevance in global agendas (FAO, 2021). Addressing this
challenge requires integrating ecological and social dimensions to achieve sustainable
production (Allen et al.,, 2022). This requires identifying decision-makers, their information
sources, and their interactions with one another and with institutions.

Stakeholders are individuals, organisations, or institutions with interests or influence
over agroecosystem management (Prell et al,, 2009; Reed et al.,, 2009). They can influence,
affect, or be affected by land management decisions, either directly or indirectly (Prell et al.,
2009; Reed et al, 2009). Stakeholder analysis involves identifying and categorising actors
by their roles and levels of interest or influence, and examining their relationships (Reed et
al, 2009). This information supports the development of social actor maps that visualise
and recognise different stakeholders’ types (key actors, context setters, subjects, and
crowd) (Reed et al, 2009; Tapella, 2023; Figure S1). These maps support understanding
socioecological systems and designing inclusive management strategies (Reed et al., 2009;
Tapella, 2023).

Social processes, such as information diffusion, governance, and decision-making, can
be analysed using social network analysis (SNA) (Allen et al, 2022). In agroecosystems,
these networks involve multiple actors, including individual farmers, agricultural
organisations, NGOs, and technical advisors (Isaac, 2012). Previous studies show that
farmers’ decisions are mainly influenced by interactions with other farmers, technical
advisors, and seed or fertiliser suppliers (Knoot & Rickenbach, 2011; Pahl-Wostl et
al, 2008). Farmers connected to regional extension actors tend to implement better
management practices than those without such connections (Baird et al.,, 2016). Although
these relationships are key for the exchange of information and the adoption of innovations
or sustainable agricultural practices (Baird et al., 2016; Bodin et al., 2012; Isaac, 2007), they
typically occur in common-pool resource management. However, in private agricultural
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systems, decisions are mostly made at the individual or farm level (Isaac, 2012). Thus,
understanding farmer information exchange is essential (Prell et al, 2009). These
interactions are critical for designing participatory management strategies (Allen et al.,
2022; Prell et al., 2009).

In Argentina, few studies have examined stakeholders involved in agroecosystems
(Gras & Hernandez, 2008, 2016; Maldonado & Bustamante, 2019). These contributions
highlight heterogeneous actors whose roles and influence are reshaped by political and
economic transformations. In particular, Gras and Hernandez (2008, 2016) emphasise the
centrality of agribusiness entrepreneurs, producer organisations, technical experts, and
institutional actors in consolidating the agribusiness model. Complementarily, Maldonado
and Bustamante (2019) identify producers, extension agents, cooperatives, governmental
bodies, and academic institutions as relevant social actors in productive dynamics
and decision-making at the territorial level. However, these studies have not explicitly
examined information diffusion from a network perspective, particularly in relation to
farmers’ decision-making. Moreover, no studies address this topic in the Espinal ecoregion,
characterised by distinct ecological and historical conditions.

This study addresses the following research questions: Who are the key stakeholders in
agroecosystems, and how are their social networks structured with respect to information
exchange and organisational membership? The objectives of this study are: 1) to analyse
membership and information-flow networks, and the role of public and private institutions;
2) to construct a social actor map including levels of interest and influence, and cooperative
and conflictive relationships, to identify key actors in agroecosystems management. We
hypothesise that producers are the central actors in agroecosystem social networks and
establish close relationships with private producer organisations of which they are members
for information exchange. Furthermore, they collaborate with public research organisations
and government institutions to obtain reliable information for decision-making.

MATERIALS AND METHODS

Study Area

The study area (figure 1, page 4) is located in central Argentina, in the north-eastern part
of the Union Department, Cérdoba Province. This department includes approximately 1,500
agricultural holdings with defined boundaries, covering a total area of about 980,000 ha
(INDEC, 2021), and ranks third in the province in terms of agricultural production (INDEC,
2021). The area belongs to the Espinal ecoregion (Burkart et al, 1999) and the Espinal
phytogeographic province of Argentina (Cabrera, 1976).

The original vegetation of the Espinal ecoregion, composed of woody species such
as Neltuma alba, Neltuma nigra, Celtis tala, and Trithrinax campestris, along with a spiny
shrub and grass layer of varying coverage, currently persists in remnant patches of native
forest (Lewis et al., 2006). These patches are embedded within a matrix of croplands under
different degrees of use (Lewis et al., 2006) (figure 1, page 4), and some are protected under
Argentina’s Native Forest Environmental Protection Law (Law No. 26331).

Historical Context of Land Use

Historically, land use in the Espinal region was dominated by extensive livestock
ranching, with pastures, natural grasslands, and forests used for cattle grazing
(Gavier-Pizarro et al, 2012). Despite the predominance of class V-VII soils (INTA et al,
2020), locally known as “overos” (mixed soils) and characterised by severe limitations for
agricultural cultivation (Cabido et al, 2003), a large proportion of these lands has been
converted to oilseed crop production since the 1990s (Potapov et al, 2022). This process
has reduced livestock production and led to rural population decline (Aizen et al,, 2009;
Villarruel-Parma et al., 2024).

Currently, different production systems coexist: agricultural, livestock, mixed systems
(combining both), and dairy farms. The area has experienced changes in hydrological cycles,
including increased flood frequency, rising water tables, and the consequent soil salinisation
(Houspanossian et al.,, 2023). These changes have resulted in losses in ecosystem functioning
and agricultural production (Bertram & Chiacchiera, 2013).
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Source/Fuente: IGN and Google satellite image.

Base maps for panels (A) and (B) were obtained from Argenmap (National Geographic Institute of Argentina, IGN),
whereas the background imagery in panel (C) corresponds to Google Satellite.

Figure 1. Map of the study area showing land cover and land use types.
Figura 1. Mapa del area de estudio con las diferentes coberturas y usos de la tierra.

Data Collection

We collected data from May 2022 to April 2025 using both primary and secondary
sources (figure 2, page 5). We conducted six in-depth interviews with key informants:
(1) an agricultural advisor, producer, and former employee of a multinational agrochemical
and seed company; (2) members of a local municipality (mayor, councillor, and secretary);
(3) a phytosanitary advisor from one of the localities, who is also a councillor, teacher, and
producer; (4) amixed producer; (5) an agricultural producer (formerly dedicated to livestock
production); and (6) an extension technician from the INTA agency in a locality within the
study area. These key informants were selected purposively to represent different actor
groups (Tapella, 2023; Villarruel-Parma et al., 2024). Guiding questions included: Who are
the actors involved in the productive system? How do they interact? What levels of interest
and influence do they hold in decision-making?

Based on this initial approach, we conducted semi-structured interviews with producers
and agricultural advisors (figure 2, page 5). We interviewed 27 participants. Data collected
included: sociodemographic information (age, residence, educational level, occupation),
production characteristics (type of production, farm size, land tenure, and forest patches
use), and relational data on organizational membership and information exchange
(e.g- “Which institutions do you belong to?”, “From which institutions do you obtain
information?”; “What type of information do you share?”).

Data Analysis

We conducted social network analysis using the igraph package in R (R Core Team).
We identified communities using the Louvain algorithm, scaled node size by normalised
betweenness centrality, labelled nodes by degree centrality, and generated layouts using the
Fruchterman-Reingold algorithm.
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Figure 2. Overview of the methodological approach and data sources.

Figura 2. Descripcién general del enfoque metodolégico y fuentes de informacion.

We assigned levels of interest and influence based on a qualitative, comparative
assessment combining primary and secondary data (figure 2). We defined interest as
the degree of involvement and commitment of each actor in decision-making processes.
We defined influence as the actor’s perceived capacity to affect such decision-making
processes. We classified both dimensions into low, medium, or high levels through a
comparative, context-dependent evaluation that considered actors’ roles, access to
resources, participation in decision-making and exchange spaces, and their institutional or
informal authority.

We positioned actors in an interes-influence matrix (Reed et al, 2009). These categories
are relational and context-dependent, and we used them as analytical tools to interpret
actor positions and interactions. Finally, we constructed a social actor map integrating
interest, influence, cooperative and conflictive relationships, and membership and
information-flow networks.

RESULTS

Characteristics of Participants

Table S2 presents the main characteristics of participants. Most participants identified
as producers (77.8%), and 33.3% as agronomists. Overall, 70.4% had a university degree.
The age distribution showed two distinct generations, with 37% aged 35-44, and 29.6%
were aged 65-74. In terms of locality, 37% resided in Noetinger, the most densely populated
area, and 25.9% in San Antonio de Litin, the second most densely populated locality.

Interviewees mentioned that the region was historically dedicated to livestock
production; however, much of the land was converted to agricultural production starting in
the 1990s. Currentproduction typesinclude: mixed systems (66.7%), dairy (22.2%),livestock
production (11.1%), and exclusive agriculture (11.1%). Regarding farm size, 48.1% of
producers had medium-sized holdings (200-1000 ha), while 33.3% had large or very large
holdings (>1000 ha). Most producers (63%) owned their land and leased additional plots.
Finally, 66.7% reported having native forest patches of varying sizes. Among them, 55.6%
integrated these patches into production, mainly for cattle grazing.
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Stakeholders Recognized

Based on the qualitative and quantitative analysis of the collected information, we
constructed a descriptive table of the roles, functions, and levels of power and interest for
each social actor (Table S1). We identified sixteen types of social actors (Table S2), and we
grouped them into six categories: (1) individuals: independent producers or agricultural
business owners, and agricultural advisors; (2) producer groups or organizations:
CREA (Regional Consortia for Agricultural Experimentation) and AAPRESID (Argentine
Association of No-Till Producers); (3) public institutions: INTA (National Institute of
Agricultural Technology) and national universities (e.g. Universidad Nacional de Cérdoba);
(4) private companies or businesses: grain collectors, cooperatives, input suppliers, and
contractors; (5) government agencies: national, provincial, and municipal agencies,
consortia, and liaison committees; and (6) society: citizens and general local businesses. We
summarised their primary roles and functions in Table S2.

We recognised different types of producers. Most manage farms as family enterprises,
although some employ managers or establish partnerships with other producers. Producers
emerged as the primary decision-makers and land managers, acting individually or with
advisors (agronomists and veterinarians).

A particular type of producer, referred to as the “gringo”, was identified. Interviewees
described this group as older adults residing in nearby towns, generally landowners who
no longer manage their farms directly but lease them and derive income from land rent.
They tend to make conservative production decisions, limiting expenditures in low-yield
years, and investing in machinery or personal assets during high-yield periods. They invest
in “machinery” (e.g., tractors, agricultural equipment) and personal vehicles. This producer
type was relevant because, despite owning the land, they show low propensity to adopt
agricultural innovations.

Membership and Information Networks

In the membership network (figure 3a, page 7), the most central institutions, measured
by degree (ie., the number of links) and betweenness centrality (ie., intermediation
degree), were agricultural input cooperatives, CREA, and AAPRESID, which connect with
various producer groups (Table S3). In particular, the INTA “Rural Change” programme,
which involved producers and other public and private organizations, was no longer active.

Several communities were observed (figure 3a, page 7). The main community was asso-
ciated with central institutions (i.e.,, CREA, AAPRESID, and agro-input cooperatives). Smaller
communities were associated with dairy cooperatives, consortia, and producers without
institutional membership (“NA”).

In the information network (figure 3b, page 7), the most frequently mentioned
institutions/organizations were similar (ie., CREA, AAPRESID, and agricultural input
cooperatives). However, INTA played a particularly central role due to its many connections
and its structural position within the network (Table S3). In this network, INTA connected
CREA, AAPRESID, cooperatives, and many producers.

While the main communities remained similar to those in the membership network, the
information exchange network was more integrated (figure 3b, page 7). In this network, INTA
and CREA acted as the primary intermediaries in the information flow. Although some producers
reported only one or two information sources, the majority cited INTA as a key source. A subset
of producers reported no institutional sources of information (figure 3b, page 7).

Overall, both networks showed communities structured around central institutions, along
with smaller, more isolated communities. In the membership network, each community
was organised around a main institution, with only a few producers linked to it (3-5 per
community). In contrast, in the information network, INTA and CREA formed a denser and
more connected core, integrating a larger number of producers (figure 3b, page 7).

These patterns reflected differences in producer profiles across networks (figure 3a and
3b, page 7; Table S3). Some producers belonged to multiple institutions or organizations,
resulting in more central positions (e.g., producers “1,” “2,” and “3” in figure 3a (page 7). In
contrast, we found other producers were linked to only a single institution or organisation
(figure 3a, page 7) and occupied more peripheral positions.
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Figure 3. a) Membership network, b) Information network.

Figura 3. a) Red de pertenencia, b) Red de informacion.

In the information network (figure 3b), the most central producers were different
(e.g., producers “6” and “7”) from those in the membership network. They were connected
to both central institutions (CREA, INTA) and more peripheral ones (Table S3).

Finally, we analysed the positions of different institutions and organizations by
management type (public, private, or public-private). Private organizations predominated
in central network positions. This pattern was especially evident for CREA, AAPRESID, and
agricultural input cooperatives (figures 4a, 4b). This pattern suggests that private actors
occupy more central roles in both information flows and membership communities.
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red de miembros (a) y en la de intercambio de informacién (b).
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In the information network (figure 4b, page 7), INTA stood out as the leading public
institution. It was also the only state entity recognized by producers. Other public research
and academic institutions (e.g., CONICET and national universities) showed low relevance
or were absent. This result suggested limited integration between scientific knowledge
production and local information exchange networks.

Social Actor Map

We constructed a social actor map integrating roles, levels of interest and influence,
conflict and cooperation relationships, and membership and information exchange ties
(figure 5). Based on their positions, key actors included producers, agricultural advisors,
CREA, and INTA (figure 5), all of whom showed high levels of interest and influence. Context
setters included the society and the municipal government. They showed medium to
high interest and moderate influence. Actors classified as subjects included the National
Government and AAPRESID, with medium to high power but medium to low interest.
Finally, we classified actors with low interest and influence as the crowd. These included
the provincial government, consortia, national universities, and private companies such as
grain collectors, cooperatives, and service providers/contractors (figure 5).

Producers established both cooperative and conflictual relationships (figure 5). They
cooperated primarily with advisors, CREA groups, AAPRESID, and INTA. These interactions
were related to information exchange for decision-making and to organisational
membership. In contrast, they established conflictual relationships with society and the
National Government.

Agricultural advisors emerged as key actors in this study (figure 5). They were mostly
agronomists or veterinarians, and in some cases, producers as well. They have been
understudied in previous research. We found that their role included advising on production
decisions (e.g., species selection, sowing and harvesting timing, agrochemical applications),
financial planning, and technological innovations. Advisors often worked with multiple
producers or groups (e.g., CREA). These relationships gave them substantial influence over
production decision-making. However, they showed limited interest in the management of
remnant forest patches or potential native forest restoration.
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Figure 5. Social actor map, showing actors’ levels of interest and influence, and their
cooperative and conflictual relationships.

Figura 5. Mapa de actores sociales, en funcion de su interés, influencia y relaciones de
cooperacion y conflicto.
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Producers recognised CREA groups as both membership organizations and sources of
information for decision-making. These groups typically included 10-12 producers and
a technical advisor. They facilitated regular field visits and meetings. They used these
meetings to exchange and discuss information on production, financial, and management
aspects, as well as social and personal issues. We identified at least two CREA groups in
the study area. CREA also organizes congresses and maintains a data platform (“DATEx”).
It collaborated with INTA and, in some cases, universities. These collaborations included
training programs and experimental trials (e.g., seed yield tests), contributing to applied
knowledge generation.

Producers not affiliated with CREA reported cooperation with other private
organisations, such as AAPRESID and agro-input cooperatives. They obtained information
from these organizations. They also relied on agricultural input vendors who provided
advisory services. Cooperatives primarily provide technical assistance linked to input
provision (e.g., agrochemicals, herbicides, fertilizers).

AAPRESID operated through regional groups and a “farm system” distributed throughout
the country. This system generated technical information through experimental trials.
This private organization also organized scientific-technical congresses for producers,
advisors, and members of agricultural companies. On the other hand, INTA emerged as a
central public institution, with both historical and current presence in the study area. It
operated through a local agency in Noetinger, staffed by a small technical team (a technical
extensionist and an assistant). INTA connected with multiple actors and participated in
local advisory spaces (figure 5, page 8). Although recognised as a public institution that
generates technical-scientific knowledge, some older producers recalled its former social
role: “INTA, when we arrived in the area, not only helped with production but also with social
aspects, providing schools and integrating the community”. Collaborators noted that INTA has
experienced severe underfunding in recent years, markedly reducing its territorial influence.

National Universities were another public institution mentioned, primarily recognized as
prestigious training centres and sources of technical information and collaboration. In some
cases, producers hosted students or requested technical guidance to address specific problems
(e.g., livestock diseases, crop fungi). In turn, we found that when they cooperate with CREA or
INTA, their influence over the productive sector could increase (figure 5, page 8).

The conflictive relationships between producers and society (figure 5, page 8) were a
prominent topic in formal and informal conversations in the territory. Producers reported
that society perceived them as responsible for environmental pollution, particularly due to
the use of agrochemicals. However, they also acknowledged their contribution to the local
economy (figure 5, page 8). In this sense, we found that society currently has alow to medium
level of influence. However, this influence could increase over time, particularly through
citizen participation in environmental or restoration activities or through complaints about
certain practices, such as agrochemical drift.

The conflictive relationship between the national government and producers stemmed
from the government’s influence over the productive system. The interviewees mentioned
that the government exerted this influence through export taxes. Producers perceived these
regulations as top-down and unstable.

In the case of municipal governments, while primarily influencing urban areas, they
maintained weak, sporadic cooperative relations with producers (figure 5, page 8). These
interactions typically included machinery sharing, road maintenance, participation in social
initiatives, and the provision of event spaces. A key source of conflict with municipalities has
been the control of agrochemical prescriptions (figure 5, page 8). Municipal advisors are
responsible for this control, which includes monitoring prescriptions before agrochemical
application. It is mainly in response to societal concerns over peri-urban drift.

The relationship between producers and the provincial government was also weakly
conflictual (figure 5, page 8). This relationship was mainly due to current legislation.
In Cérdoba, the Provincial Government legislated the “Provincial Agroforestry Plan”
(Law No. 10467) in 2017. This law requires that 2-5% of agricultural land be covered with
trees. This requirement has generated tensions with producers. Currently, the provincial
government, through the Ministry of Bioagroindustry, provides trees and payments for
ecosystem services. This action could increase the influence and acceptance of this forestry
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program in the future. It also promotes the certification of good agricultural practices
(with associated economic benefits) and the formation of producer consortia, fostering a
cooperative that is still weak.

DiscusSION

The current productive system of the Pampean and extrapampean regions of Argentina
relies on industrial inputs and technical, scientific, and financial information (Maldonado &
Bustamante, 2019). This intensification-based model consolidated in the 1990s with the
expansion of no-till farming, trade liberalization, the introduction of transgenic crops,
and the adoption of new technologies, such as precision agriculture (Gras & Hernandez,
2008). These transformations altered productive practices and reshaped the agrarian
social structure, redefining actors, roles, and social networks (Maldonado & Bustamante,
2019). Although sustainable development of agroecosystems and ecosystem restoration
have gained prominence in global political agendas, proposed solutions focus on ecological
objectives and technocratic responses and overlook socio-cognitive dimensions, such
as social and learning networks that influence decision-making (Chaudhuri et al., 2021;
Tedesco et al, 2023). This study addresses this gap using the Espinal ecoregion, a less
explored agricultural region in Argentina.

In this study, agricultural producers emerged as key social actors, identified as modern
business producers (Gras & Hernandez, 2008; Maldonado & Bustamante, 2019). They
combine ownership of fixed capital-usually land-with professionalized management of
agronomic and economic aspects, either directly or via private advisors. They dedicate time
and build relationships specifically to acquire knowledge and information. This link enables
them to integrate technical and scientific knowledge with inherited familial experience
to make informed, anticipatory decisions (Gras & Hernandez, 2008). This reliance
on technical-scientific knowledge distinguishes them from more traditional or peasant
producers, who base decisions on different forms of experience, training, and community
organization (Gras & Hernandez, 2008). In this sense, agricultural advisors, both private and
organisational, emerged as key players with significant influence over productive decisions,
second only to producers. This role remains underexplored in the agrarian network
literature. In the current agroindustry model, where technical and financial knowledge has
become a productive resource comparable to land or capital (Gras & Hernandez, 2008),
advisors provide private advisory services? replacing roles previously occupied by
public institutions or peer-based organisations. They act as intermediaries between the
observation of agricultural systems, producers, and production decision-making. However,
they can distance producers from the observation of their lands, which leads to a dependence
on standardized knowledge to the detriment of local practical knowledge, an emblematic
process of the change towards a business model that outsources control and cognition (van
der Ploeg, 2008).

Analysis of organizational networks shows that some producers are closely linked to
organizations, while others maintain ties with only one institution or none at all. Previous
studies indicate that organizational links and participation in extension programs improve
access to information and promote adoption of innovative or best agricultural practices
(Baird et al.,, 2016; Isaac, 2012; Knoot & Rickenbach, 2011). Moreover, these links facilitate
bidirectional exchanges (Isaac, 2012). Private institutions predominated in both membership
and information networks. AAPRESID was historically one of the first private producer
organisations to promote the central role of knowledge biotechnology, management,
business administration, and information and communication technologies-targeted at an
entrepreneurial and innovative producer profile (Gras & Hernandez, 2019). While some
producers still belong to and obtain information from this institution, in this study, CREA
groups appear to have replaced it as the main reference. These groups of producers and
private advisors, in addition to promoting process-technology-based production models,
foster links among producers and organizations around an ethics of the “common good,”
primarily associated with soil conservation (Maldonado & Bustamante, 2019). The current
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goal of CREA groups is to facilitate the exchange of technical and business knowledge among
members to improve enterprise profitability (Gras & Hernandez, 2016), incorporating
technical advisors alongside producers. Among public institutions, actors only recognised
INTA as a reference institution. Participants indicated that INTA maintains ties with
both public actors (municipal governments, national universities, CONICET) and private
actors (producers, CREA groups, agro-input cooperatives). Those links position INTA as
an intermediary between sources of scientific-technological knowledge and end users
(Albornoz, 2015). INTA’s extension work has been recognized for excellence, valued not only
foritsagricultural contributions butalso forits social contributions in rural areas (Arboleya &
Restaino, 2004). However, reductions in institutional funding and in programs that integrate
diverse social actors (e.g., rural change groups), a trend observed globally (Swanson, 2008),
threaten the continuity of these functions. In our case, producers who receive information
from INTA also participate in, or are willing to participate in, its experimental trials, which
further strengthens relationships among producers. Consistent with Prell et al. (2009),
extension agents connect with key producers who act as “demonstrators” of new agricultural
practices. In our study, producers themselves identified colleagues acting as innovators.
For example, one producer stated: “(...) I am rather conservative... I prefer to wait for PM
or JM (producers 1 and 3) to try the innovative practice, see if it works, and then I do it.” The
mentioned producers, as references, are, in turn, closely connected to the INTA and CREA
groups. Therefore, to promote agroecosystem management practices aimed at achieving
more sustainable productions or incorporating innovations, it is essential to consider both
organizational and peer networks. Organizational networks facilitate the introduction of
new paradigms. Peer networks (of friendship and advisory) influence the adoption and
institutionalisation of innovations (Chaudhuri et al,, 2021).

From a broader analytical perspective, our findings can be interpreted in light of the
concept of the productivity of social networks, as proposed in studies of socio-environmental
conflicts (Merlinsky, 2020). Beyond their instrumental role in information exchange, the
networks identified here appear to generate collective capacities. They sustain channels
of cooperation among heterogeneous actors and reinforce institutional legitimacy. In this
sense, organisational links, such as those established among private producers, CREA groups,
and INTA, not only facilitate knowledge transfer. They also contribute to the social and
institutional productivity of agroecosystem networks. These links enable learning processes,
coordination, and the persistence of shared practices over time. The weakening of these
networks, therefore, threatens not only technical support functions. It also undermines the
broader relational infrastructure that underpins sustainable agroecosystem management.

CONCLUSIONS

Our results confirm that the agrarian social networks include actors with diverse
histories, interests, and influences. Combining stakeholder analysis with social network
analysis provides a robust framework for identifying central actors (e.g., CREA groups, key
innovator producers), asymmetries in influence and interest, and the pathways through
which information circulates. In this sense, understanding the structure and functioning
of these social networks is essential for integrating social dimensions into sustainable
agroecosystem management. This approach can inform the design of extension strategies
and governance arrangements. It can strengthen relational capacities, reduce information
gaps, and ultimately support more sustainable agroecosystems.

SUPPLEMMENTARY MATERIAL
https://drive.google.com/file/d/1idt_aJV-VduBvK-yghFPtGZzKcuk6sFt/view?usp=drive_link
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