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Abstract

This study addresses the concepts of territorial systems of agricultural innovation and 
social network analysis. The general purpose of this research was analyzing a relationship 
between trust networks (technical, strategic and normative) and the dynamics of techno-
logical diffusion and adoption by Hass avocado farmers in each territory. To this end, two 
rural municipalities were compared as case studies; where 94 farmers were interviewed. 
A database was obtained and analyzed using a social network approach by calculating 
network indicators, as well as the technology adoption index (TAI) for farmers. Corre-
lation tests were also used to determine the effect of the farmers' trust networks on their 
own technology diffusion-adoption dynamics. Case studies showed that there are no 
significant differences in terms of technology adoption when comparing municipalities. 
However, the farmers' diffusion networks show different public-private actors, as well 
as different degrees of input centrality and intermediation in each municipality, where 
correlation was found only with normative trust networks in a municipality. The capture 
of specific information from a geographical space is steered by the approach of terri-
torial systems of agricultural innovation, allowing for the development of increasingly 
accurate strategies and interventions.
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Resumen

Se abordó un estudio sobre el concepto de sistema territorial de innovación agrícola y 
análisis de redes sociales. La presente investigación se desarrolló con el objetivo general 
de analizar una relación entre las redes de confianza (técnica, estratégica y normativa) 
y la dinámica de difusión y adopción tecnológica de los agricultores de aguacate Hass en 
cada territorio. Para ello se compararon dos municipios rurales como estudios de caso, 
donde se entrevistaron 94 agricultores. Se obtuvo una base de datos y se analizó mediante 
enfoque de redes sociales, calculando indicadores de red, así como el índice de adopción 
de tecnología (INAT) para los agricultores. También se usaron pruebas de correlación 
para determinar la incidencia de las redes de confianza de los agricultores en sus propias 
dinámicas de difusión-adopción de tecnología. Los estudios de caso mostraron que no 
existen diferencias significativas en la adopción de tecnología comparando municipios. 
Sin embargo, las redes de difusión de los agricultores evidencian diferentes actores 
público-privados, así como diferentes grados de centralidad de entrada y de interme-
diación en cada municipio, donde se halló correlación solo con las redes de confianza 
normativa en un municipio. El enfoque de sistemas territoriales de innovación agrícola 
orienta la captura de información específica de un espacio geográfico, permitiendo 
desarrollar estrategias e intervenciones más precisas.

Palabras clave
sistema territorial de innovación • redes de confianza • difusión • adopción agrícola

Introduction

Latin America's agricultural sector 
faces new challenges related to the increase 
in productivity, reduction of poverty and 
a greater agricultural development. In 
this sense, innovation is recognized as 
an important source of improvement in 
terms of productivity, competitiveness, 
growth and modernization of rural 
economies and regions (23). The concept 
of agricultural innovation systems is 
particularly relevant for fostering agricul-
tural innovation, from heterogeneous 
actors that create networks and that 
can influence and support technology 
diffusion and adoption dynamics of 
farmers (38).

The agricultural innovation system 
has been approached from a geographical 
perspective of analysis of the country (26), 

as well as from a regional perspective 
(7). Other approaches propose the terri-
torial innovation system approach, as a 
framework that allows interpreting the 
performance of innovation according 
to the specific characteristics of a rural 
region (24). Although more integrative 
approaches of the agricultural innovation 
system have been proposed (10), there 
are still no approaches that incorporate 
the rural region as a geographical level of 
innovation analysis (37), based on rural 
territory components, population and 
public and private actors (25), and where 
territorial spatial scale analysis stands out.

It is important to incorporate spatial 
scales of analysis from rural territories, 
as there is evidence showing a hetero-
geneous performance of agricultural 
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innovation systems in local territories, both 
in adoption rates by farmers and diffusion 
processes (37). In fact, the dynamics of 
technological diffusion to farmers, and 
its learning, can also be developed from a 
set of actors located in specific territorial 
contexts (1, 4). The analysis of different 
territorial links highlights the existence 
of several types of links in networks (11), 
between farmers and diverse actors of 
the innovation system, that influence both 
technology adoption and information 
exchanges, as well as dynamics that can 
vary when comparing rural territories (13). 

These approaches highlight the impor-
tance of understanding the innovation 
system from a localized geographical 
perspective. However, even though there 
has been some interest in relating terri-
torial aspects to technological diffusion 
and adoption dynamics, there is still little 
literature accounting for these approaches, 
in particular, around a discussion that is 
not addressed from the perspective of 
the agricultural innovation system, which 
relates to the effects of trust in farmers' 
innovation dynamics.

In this sense, it has been demonstrated 
that the process of technology adoption 
by farmers can also be mediated by trust 
relationships and their intersection in 
diverse networks (3). Likewise, it has 
been shown that the process in which 
farmers acquire information and learn can 
be placed in specific geographical contexts 
where trust also plays a part (31). Although 
the territorial relationship between trust 
and technological diffusion-adoption 
by farmers is not a thoroughly explored 
approach, some studies provide approxi-
mations in this regard. Such is the case of 

farmers' trust towards entities and within 
the same rural community, in relation to 
technology adoption (12), the relationship 
of trust between farmers and local and 
non-local institutions and its effects on 
adoption (22), as well as the perception 
of trust and solidarity, and its effects on 
diffusion in innovation systems (33). 

These approaches usually associate 
the idea of trust with the concept of share 
capital, based on network structures of 
links and relationships between actors 
(29). However, some authors have 
suggested a different approach, from the 
perspective of trust networks (technical, 
strategic and normative), seen as a set 
of positive expectations about others, 
regarding their actions and the role of 
interactions (16). Technical trust relates 
to the perception one has towards an 
actor, mainly in terms of its capacities; 
strategic trust implies a relationship based 
around self-interest or convenience, and 
normative trust relates to the values and 
norms shared within individuals (15). 
Considering the general hypothesis that 
the dynamics of innovation is different at a 
spatial scale, where the bonds of trust can 
influence in a differentiated way, this work 
is based on the territorial vision of trust 
from geographical contexts that allow 
understanding the innovation dynamics 
in specific places (8). The objective of 
this study is to analyze the existence of 
a relationship between trust networks 
(technical, strategic and normative) and 
the technological diffusion and adoption 
dynamics of Hass avocado farmers, from 
the perspective of territorial systems of 
agricultural innovation.
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Materials and Methods

This study analyzes the territorial 
system of agricultural innovation by 
sector (Hass avocado), and by rural 
municipal territory, approached as a 
political administrative division with 
clear limits, based on a set of geographi-
cally continuous rural municipalities 
articulated around one or more 
productive nuclei (6). From an empirical 
approach, two rural municipalities with 
increasing productive dynamics, different 
geographical distances, as well as 
contrasting social contexts were selected 
(figure 1).

Collecting, sampling and analysis 
methods

The research design was based on the 
case study approach and involved inter-
views with actors to explore the innovation 
dynamics and networks. Initially, five 
in-depth interviews were conducted with 

Figure 1. Map of the study area (eastern rural region and the municipal territories of 
San Vicente and Sonsón).

Figure 1. Mapa del área de estudio (región rural de oriente y los territorios 
municipales de San Vicente y Sonsón).

key informants; this provided specific 
information on the sector and helped to 
create a list of public and private actors 
of the avocado innovation system for each 
municipality. In addition, it was possible 
to find the most representative locations 
to approach the farmers. This information 
was complemented by farmers partici-
pating in training events in each munici-
pality. Additionally, data collection was 
carried out between June and August 
of 2017; 94 interviews to farmers were 
conducted, 45 of them in the municipality 
of San Vicente and 49 in the municipality 
of Sonsón.

For the selection of farmers, snowball 
sampling was used, as it is a technique 
that helps to construct networks, through 
random sampling (36), in the most 
representative localities regarding Hass 
avocado production in each municipality. 
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In the context of social network 
analysis (SNA), this type of sampling is 
better for capturing the properties of the 
network, and it also saves resources (17). 
In the survey, producers were asked about 
three types of information: (i) links of trust 
networks according to the list of actors for 
each municipality, (ii) adoption of agricul-
tural technology associated with the crop, 
(iii) mapping of the diffusion network 
from the learning sources (table 1). For the 
networks, the farmers mentioned the link 
with each actor of the innovation system 
in each municipality, thus generating a 
bivariate answer option (yes or no) in the 
questions. In the diffusion networks, the 
farmer could point out the specific actors 
of the innovation system from which 
they learned different technologies and 
practices in each territory.

In the technology adoption section, 
farmers were consulted with regard to a 
list of 37 technologies and technological 
practices, which were identified and 
validated with expert professionals in the 
crop. These technologies were grouped 
into 7 categories: crop fertilization, phyto-
sanitary management, conservation 
practices, crop management cultural 

practices, administration, organization, 
harvesting and post-harvesting (21). In 
this case, farmers were also given a 
bivariate answer option (yes or no), 
regarding each technology. The technology 
adoption index (TAI) was calculated based 
on the farmer's innovative capacity; TAIk 
corresponds to the technology adoption 
rate in the "k" category, which is made up 
of a determined number of technologies 
and practices. In addition, "K" corresponds 
to the number of categories, which are 
seven (21). 

For the analysis of trust networks and 
diffusion networks approached from the 
perspective of farmers, centrality and 
intermediation indicators were calcu-
lated (2). For trust networks, the farmer's 
degree of output centrality (number of 
links that farmers sends to other actors) 
was calculated. Likewise, for diffusion 
networks, the degree of input centrality 
regarding the system’s actors (those from 
whom the farmers state having learned) 
was calculated. This indicator relates to 
the number of links an actor receives from 
others, in this case farmers (9).

Table 1. Data collection mechanisms based on guiding questions.
Tabla 1. Mecanismos de recolección de datos a partir de preguntas orientadoras.

Analysis variables Types of questions

Technical trust network In which of these entities or organizations do you trust for your knowledge 
and technical skills?

Strategic trust network Which of the following entities or organizations do you generate trust from 
some type of benefit obtained? 

Normative trust network With which of the following entities do you maintain good interpersonal 
relationships and consider that you share your values, beliefs and norms?

Adoption of technology Which of the following 37 technologies and technological practices do you 
currently incorporate at the cultivation level?

Diffusion network From whom did you learn these technologies and technological practices?
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Finally, the degree of intermediation 
centrality of the same actors was calcu-
lated. This indicator enables finding actors 
that act as bridges or links of information 
(14). The influence of trust networks in 
farmer's diffusion-adoption dynamics was 
analyzed and compared between rural 
municipal territories, using Spearman's 
statistical correlation tests. 

Results

Innovation dynamics of farmers 
shows different behaviors in each rural 
municipal territory. Additionally, trust 
networks have a different influence in 
the results regarding diffusion-adoption 
by farmers in each municipality. Figure 2 
shows results obtained in the technology 
adoption index (TAI) for each rural 
municipality; in certain categories, 

results between municipalities differ. The 
lowest adoption levels are found in the 
categories of organization, with similar 
averages of 5% and 4%, and management, 
with averages of 29% and 32% in each 
municipality. The low adoption rates 
by farmers of both municipalities in the 
category of organization was also proven 
in the field work; low participation in 
meetings, low organizational capacity of 
some producers to act collectively and 
lack of associative business approach. 
Likewise, in the management category, 
several practices are not being incorpo-
rated by the producers: management of 
records and information about the farms, 
productivity, costs, prices, etc. This low 
level adoption in administrative practices 
is disadvantageous in terms of adjusting 
the production to the requirements of the 
exporting traders.

Figure 2. Technology adoption index (TAI) of producers in the rural municipal 
territories sorted by category.

Figura 2.  Índice de adopción de tecnología (INAT) de los productores ordenados por 
categoría en los territorios municipales rurales.
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Then, the category of sanitary 
management shows differences in the 
averages between territories, reaching a 
73.8% adoption rate in the municipality 
of Sonsón. In this case, there is a greater 
adoption rate of diverse technological 
practices related to the crop's sanitary 
management for quality improvement 
purposes. However, a homogeneous 
adoption rate is observed in the category 
of crop fertilization as both municipal 
territories reach 60%. The categories of 
conservation practices and agronomic 
management have different adoption 
averages, and the technology adoption 
rate is higher in the municipality of 
Sonsón; 65% and 77.1% respectively. 
In this case, these are technologies and 
practices related to a sustainable and 
specific management of the crop to 
improve production, stimulate flowering, 
pruning of trees, etc. However, with 
regard to harvesting and post-harvesting 
practices, the municipality of San Vicente 
reaches the highest technology adoption 
percentage with 61%. In this case, avocado 
harvesting, classification, selection and 
preservation practices are incorporated 
for exporting purposes.

Although technology adoption 
depends on a wide range of factors 

related to the personal characteristics of 
farmers, social, cultural, economic factors, 
the characteristics of the technologies 
and farm-related aspects (28), this 
study has demonstrated the role played 
by trust networks (technical, strategic, 
normative) in this process. In fact, there 
is an association relationship between 
trust networks and technology adoption 
in the municipality of Sonsón (table 2). 
This demonstrates that, in each territory, 
farmers have different ways to capitalize 
the links of the different types of trust 
into their own technology adoption 
results. Based on the field research, it was 
possible to establish that there is some 
degree of technical trust in the munici-
pality of Sonsón, as farmers believe in 
the capacities and recommendations of 
certain actors of the innovation system. 
On the contrary, the municipality of San 
Vicente shows an environment of distrust 
as a result of unfulfilled promises by 
actors such as marketing companies. 
With regard to strategic trust, farmers 
are interested in resources such as the 
delivery of materials, access to credits, 
personalized farm-related technical assis-
tance, gathering and transport of avocado 
directly from the farms, and export certifi-
cation for farms.

Table 2. Relationship between trust networks and technology adoption index in the 
municipal territories.

Tabla 2. Relación entre las redes de confianza y el índice de adopción de tecnología en 
los territorios municipales.

* Correlation is significant at 0.05. / ** Correlation is significant at 0.01.
* Correlación es significativa al 0,05. / ** Correlación es significativa al 0,01.

Municipal Territories

Trust networks 
Municipality of San Vicente Municipality of Sonsón 

TAI TAI
Technical trust 0.103 0.409**
Strategic trust 0.064 0.531**

Normative trust 0.055 0.382**
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The fieldwork evidenced that, within 
the municipality of Sonsón, farmers feel 
they have more access to additional incen-
tives and guidance, which motivates 
them to incorporate better technological 
practices in their avocado crops.

The field research showed some degree 
of normative trust within the munici-
pality of Sonsón in terms of values such as 
honesty, and credibility towards various 
marketing companies from the territory. 
Therefore, issues such as compliance with 
verbal and informal purchase agreements, 
other fulfilled promises by other actors, 
as well as the outstanding role of farmers 
in rural extension strategies such as field 
days, have strengthened the ties that 
facilitate information exchange and favor 
technology adoption. Finally, in addition 
to the background of non-compliance 
and an environment of territorial distrust 
in the municipality of  San Vicente, after 
observing the development of rural 
extension strategies from field schools, 
a very linear and not very interactive 
training process among farmers was 
observed, which can ultimately affect 
both the technical and regulatory 
trust of producers.

Technology diffusion dynamics in 
rural municipal territories

Farmers' diffusion networks showed 
that actors are different between 
municipalities; both in number and 
in several network indicators such as 
input centrality and intermediation. 
Regarding the number of actors, the most 
relevant differences relate to the business 
component which contributes to a greater 
flow of information and knowledge from 
a greater number of actors in the munici-
pality of Sonsón (table 3, page 261). The 
opposite happens in the intermediary 
component, such as in the municipality 

of San Vicente, where there is a greater 
number of network-diffusion actors. 

It is also important to highlight how 
the local association of farmers has a 
greater role in the municipality of San 
Vicente, both for its input centrality and 
for its intermediation in the diffusion of 
knowledge to producers. This contrasts 
with the municipality of Sonsón, where 
other local producers and the Secretariat 
of local agriculture have greater input 
centrality and intermediation indicators 
in this territory. In both municipalities, 
the actors who are able to generate links 
in relation to the flow of information 
and knowledge are different, which 
demonstrates the variation of the role of 
actors according to geographical space. 
Of course, the approach of territorial 
innovation system allows us to determine 
that, within the various components, the 
role of the actors is different in relation to 
network indicators, and in relation to the 
diffusion they generate towards farmers 
in both territories. Therefore, they are 
also important actors of the interme-
diary, support, education and research 
components, which must be linked to an 
innovation management and territorial 
diffusion strategy.

It is also important to consider that 
the actors of the intermediary and 
education components have better skills 
in the process of training and technology 
transfer. However, there are several 
universities, both public and private, and 
research centers in the region, which do 
not contribute to the diffusion networks 
of avocado producers in the territorial 
municipalities, as they are not mentioned 
as sources of learning. On the other hand, 
trust networks (technical, strategic and 
normative) showed little relation of 
association with diffusion networks in 
both territories (table 4, page 262).
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Table 3. Relation of actors of the farmers' diffusion network in rural municipalities.
Tabla 3. Relación de actores de las redes de difusión de los productores en los 

territorios municipales

Municipality of San Vicente Municipality of Sonsón 

System 
Components Actors

Network centrality 
measures System 

Components Actors

Network centrality 
measures

In-degree 
(%)

Betweenness 
(%)

In-degree 
(%)

Betweenness 
(%)

Company

CI Green West 4.91 0.69

Company

Hass Colombia 1.53 0

CI Green West 3.07 0.10

Local farmers 
association 21.31 17.33

CI. WestSole 7.69 4.36

Cartama 9.23 1.28

Suppliers of inputs 1.63 0

Local farmers 
association 3.07 0.19

Suppliers of inputs 15.38 7.93

Support
Agriculture Ministry 1.63 0

Support
Governation 1.53 0

Secretariat of Local 
Agriculture 13.11 15.57 Secretariat of Local 

Agriculture 36.92 33.32

Intermediary

Ceam 3.27 0.04

Intermediary

Corpohass 1.63 0 Campo Limpio 12.30 5.29

Campo Limpio 19.67 15.11 Corpoaguacate 3.07 0.10

Asohofrucol 27.86 12.92 Asohofrucol 3.07 0.22

Coredi 4.91 1.27 ICA 27.69 22.04

ICA 8.19 3.99      

Education Sena  37.70 30.57 Education
Corpoica 6.15 0.65

Sena 12.30 4.61

Referred

Technical assistant 16.39 17.23

Referred

Technical assistant 10.76 4.77

Other local producers 3.27 6
Other local 
producers 36.92 32.72

Referred entities 3.27 0.05
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By comparatively analyzing farmer's 
trust networks (degree of output), with 
diffusion networks (degree of input of 
the system's actor), a significant corre-
lation can only be found in the municipal 
territory of San Vicente. 

In other words, the farmer's perception 
of certain shared norms, beliefs and 
values towards other actors of the system 
is positively influencing information 
and knowledge flow channels, although 
farmers can't capitalize this into their 
own technology adoption results in the 
same territory. The field research showed 
that in the municipality of San Vicente, 
farmers have better rapport, interper-
sonal and respectful relationships with 
various actors and feel better understood 
in aspects of their culture. This generates 
a reliable knowledge diffusion channel for 
farmers by several actors; nevertheless, 
normative trust networks fail to influence 
technology adoption by farmers in this 
municipality. The field research made it 
possible to understand that farmers in this 

Table 4. Relationship between trust networks and diffusion networks in rural 
municipal territories.

Table 4. Relación entre las redes de confianza y las redes de difusión en los territorios 
municipales rurales.

* Correlation is significant at 0.05./ ** Correlation is significant at 0.01. 
* Correlación es significativa al 0,05. / ** Correlación es significativa al 0,01.

Municipal Territories

Trust networks 

Municipality 
of San Vicente 

Municipality 
of Sonsón 

Diffusion 
networks

Diffusion 
networks

Technical trust 0.29 0.18

Strategic trust 0.279 0.279

Normative trust 0.361* 0.061

municipality also generate other types 
of more informal, indirect and localized 
diffusion channels which they are more 
likely to trust for their technology 
adoption process.

The existence of certain neighborly 
relationships (also determined by similar 
attitudes of farmers regarding crop 
management) where there is a greater 
degree of understanding and identities has 
been demonstrated in these more informal 
channels; this implies very localized social 
learning processes (20). Although trust 
networks are associated with technology 
adoption in the municipality of Sonsón, 
there are no reliable diffusion channels 
for farmers. Although they can recognize 
and accept an innovation that is dissemi-
nated by the actors, they can also adopt it 
through other channels. In this territory, 
farmers seek greater technological 
validation by participating in training 
events and by socializing with their peers.
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For this reason, several producers 
are cited as the main source of learning 
and technology promotion, with greater 
degree of input and intermediation in the 
diffusion networks. In fact, various forms 
of interaction and informal communi-
cation were observed in rural extension 
events; this facilitates exchanges between 
farmers and other actors of the system.

Discussion

The approach of the territorial system 
of agricultural innovation constitutes an 
important framework of analysis, as it 
allows understanding specific innovation 
dynamics of farmers through geographical 
spaces. This research provides an 
approach on the rural region composed 
of the territories and the actors, and takes 
rural municipalities as a clearly defined 
unit of analysis, unlike other works 
proposed in the literature (7, 24, 27). 
Likewise, and acknowledging that trust is 
considered as a basic prerequisite for the 
acceptance of innovations promoted by 
various actors (19), this research (unlike 
other approaches) proposes an analysis 
on trust networks and their relationship 
with the technology diffusion-adoption 
dynamics of farmers from the territory. 

In fact, from the perspective of technical 
trust, there are studies that associate the 
degree of professional reputation, credi-
bility and skills of extension agents with 
the degree of trust producers can develop 
towards them, which influences the 
adoption of agricultural technology (32). 
This aspect is important in territorial 
systems of agricultural innovation because 
of the role that multiple public and private 
actors have in advising and technology 
diffusion (6). Likewise, it is important 
to consider strategic trust within the 

approach of territorial systems of agricul-
tural innovation, as it has been proven to 
increase technology adoption capacities 
of different producers and accelerate 
agricultural diffusion, based on a variety 
of incentives such as subsidies, provision 
of goods and services, among others, in 
which producers are certainly interested 
(18, 30). Finally, normative trust networks 
are important because the process through 
which farmers learn is mainly social and 
requires mutual communication as well as 
communication with other actors, which 
is favored by an assertive interpersonal 
communication that allows information 
flows (34), based on links that allow to 
strengthen certain territorial relation-
ships, where certain shared values are 
achieved, even if there is no real friendship 
involved (35). 

Conclusions

This study empirically demonstrated 
how both technology adoption by farmers 
and diffusion networks have different 
trends across geographical spaces. This 
implies that, in certain categories such as 
agronomic management, good practices 
and sanitary management of the crop, 
there were differences between terri-
tories in terms of technology adoption 
by farmers. Likewise, diffusion networks 
of farmers from each rural municipality 
were built upon different actors, several 
of which were different and had different 
input centrality indicators. These actors 
are quite important as they are cited as 
intermediation indicators and sources 
of learning, which means they are funda-
mental actors in promoting greater 
diffusion in each territory. Likewise, 
trust networks (technical, strategic and 
normative) were found to have a different 
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influence in each rural municipality in 
relation to farmers' diffusion networks 
and the technology adoption index. This 
illustrates the importance of under-
standing farmers’ innovation dynamics 

across the geographical space, as they 
obey to logics and network links that 
materialize in a particular way in each 
rural municipality, creating territorial 
systems of agricultural innovation.
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