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Abstract While discussions promoting networks as a means of enhancing innovation have increased
in the past decade, methods for analysing real-world networks for developing countries remain largely
undeveloped. In this study, data from stakeholders involved in conservation agriculture (CA) were used to
analyse innovations and innovators using a network approach. Results indicate that farmers learn mainly
from other farmers, whereas practices are learned from different sources or pathways and adopted step by
step. CA is not a package and principles are applied depending on the local context. Actors in the network
play different roles in knowledge creation and acquisition. A distinction can be made between prescribed
networks where formal relations and vertical structures predominate, and emerging networks based mainly
on informal relations and a horizontal knowledge structure. The main conclusion is that applying network
analysis helps to identify key stakeholders and facilitate assertive and effective network orchestration.

Tandis que le nombre des discussions mettant en avant les réseaux comme moyen de booster l’innovation
s’est accru ces dix dernières années, les méthodes d’analyse pour les réseaux réels des pays en
développement restent sous-développées. Dans cette étude, les données des acteurs impliqués dans
l’Agriculture de Conservation (AC) sont utilisées pour analyser les innovations et innovateurs qui utilisent
une approche réseau. Les résultats montrent que les fermiers apprennent essentiellement d’autres fermiers,
alors que les pratiques agricoles de conservation sont apprises à partir de différentes sources ou
cheminements et sont adoptées pas à pas. L’AC n’est pas un tout uniforme et les principes sont appliqués
selon le contexte local. Les acteurs du réseau jouent des rôles différents quant à la création et l’acquisition du
savoir. On peut faire une distinction entre les réseaux prescrits où les relations formelles et les structures
verticales prédominent, et les réseaux émergents, basés essentiellement sur des relations informelles et sur
une structure horizontale du savoir. La conclusion principale est que l’application de l’analyse réseau aide à
identifier les acteurs clés et favorise une orchestration de réseau assurée et efficace.
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Introduction

Current trends in population growth suggest that food insecurity is likely to increase under
climate change (CC) scenarios (Reynolds et al, 2012). Over the coming decades, the most
profound and direct impact of CC will be in agriculture, and food production will increase or
decrease depending on the responsiveness of farmers, researchers, extension workers and all
those involved in food production (Brown and Funk, 2008; Lobell and Burke, 2010). To address
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these issues, there is clearly an urgent need to establish networks that focus on creating pathways
for sharing knowledge, information and practices among actors at different levels (Kennel, 2013).

One alternative for addressing CC-related problems in agricultural production is conservation
agriculture (CA). According to Kassam et al (2009), CA increases yields, reduces greenhouse gas
emissions, improves overall ecosystem functioning and reduces vulnerability to CC. CA is based
on three main principles: (i) minimal soil disturbance (minimum tillage) to promote biological
soil health, such as increased microbial diversity that enhances nutrient cycling, nitrogen fixing
and bio control of plant pathogens; (ii) permanent soil cover (mulch) to protect the soil from
climatic stress and water erosion; and (iii) crop rotation to protect crops from weeds, diseases and
pests (Hobbs, 2007; Hobbs et al, 2008).

CA can be complemented by other good agronomic and management practices (GAMP) that
improve yield, such as quality seeds, soil fertility management (biofertilizers), and integrated
weed and pest management methods. In combination with GAMP, CA offers important
opportunities to improve production systems (Gupta and Seth, 2007; Laik et al, 2014). In some
cases, special machinery or implements are necessary to adopt reduced till practices for land
preparation. Tools adapted to local conditions are needed at three levels of power usage (man
power, animal traction and mechanized equipment).

However, CA diffusion is limited among small-scale farmers in tropical countries (Scopel
et al, 2013). Farmers in countries where CA is not practised face intellectual, social and
technological problems that hinder technology adoption (Friedrich and Kassam, 2009). The
spread of CA depends on strategies that help disseminate and adapt practices to local knowledge
and conditions (Thierfelder and Wall, 2011; Johansen et al, 2012).

Knowledge generation, exchange and use are included in the Technological Change trilogy
proposed by Joseph Schumpeter: invention (science), innovation (generation and development of
new ideas and their first use) and diffusion (the spread of these new technologies to potential
users) (Stoneman and Diederen, 1994). However, the diffusion process can also be viewed from a
network perspective, in which individuals and institutions play different roles as key conduits of
information and potential catalysts in the diffusion of innovations (Jackson and Yariv, 2011).
Therefore, understanding network-based innovation diffusion could help close agricultural gaps
to ensure food security in the face of CC.

Several authors have studied the diffusion of innovations through networks from different
perspectives (Wejnert, 2002) and using different models (Burt, 1987; Valente, 1996). In this
article, we use the agricultural innovation systems approach in which a network is defined as an
innovation space where actors (individuals and organizations) interact with one another and are
connected in some way (Spielman et al, 2011). Thus, in this study CA innovation networks are
made up of individuals and institutions involved in knowledge development, dissemination and
use as a way of managing the CA diffusion process through prescribed and emerging relation-
ships. Spielman et al (2009) suggest a number of methods and tools such as social network
analysis1 (SNA) to understand how agents interact within the technological change process.

In agriculture, there are examples of theoretical and empirical network analysis applications
(Conley and Udry, 2001; Monge et al, 2008; Matuschke and Qaim, 2009; Spielman et al, 2011;
Maertens and Barrett, 2012; Hermans et al, 2013); all agree that networks are important in innovation
diffusion. Studying innovation diffusion through networks is essential when adapting CA systems to
local conditions (Thierfelder and Wall, 2011). Diffusion occurs from two perspectives: (i) diffusion
into a population by introducing an innovation and (ii) diffusion within a population by contagion,
social influence or through a social learning process2 (Strang and Meyer, 1993; Young, 2009).

In this study, external sources of knowledge are defined as research institutes, universities, and
government and extension services, whereas internal sources are defined as other farmers
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(relatives, neighbours and friends). An example of external and internal sources of knowledge
complementing each other is if a farmer hears about a new CA practice from a research institute
and talks about it to his/her neighbours. External sources can play different roles such as:
(i) promoting a dialogue between the developers and users of an innovation through knowledge
facilitation; (ii) network brokerage, for example, to organize a platform for a meeting or help
obtain public subsidies to promote activities; or (iii) managing the innovation process to maintain
network stability and coordination and enhance technological change (Howells, 2006; Klerkx
and Leeuwis, 2008; Klerkx and Aarts, 2013).

Three key features define internal sources and the roles they play: (i) prestige (enjoyed by
people who have been identified by their peers as someone to turn to for knowledge) is likely to
be a true source of influence in the diffusion process (Iyengar et al, 2011); (ii ) spatial proximity,
given that new adopters are usually found near farmers who have already adopted an innovation
(Rogers, 1995; Nyblom et al, 2003); and (iii) weak ties, a concept proposed by Granovetter
(1973), who argues that individuals or groups with strong relationships share the same
information and therefore have little to contribute to each other, while weak ties, which are
difficult to identify, add new information to the network.

From the network perspective, relationships can be differentiated as being vertical (imposed or
formal structure) or horizontal (interdependency relationships) (Hadjikhani and Thilenius,
2005). Within external/vertical and internal/horizontal sources and perspectives, there are
different forms of knowledge and innovation. Explicit knowledge refers to recent or infrequent
knowledge, whereas tacit knowledge is created through individual experience (Chilton and
Bloodgood, 2008). There are two modes of innovation: (i) the Science, Technology and
Innovation (STI) mode that is based on a formal process for generating and using explicit
knowledge; and (ii) the Doing, Using and Interacting (DUI) mode in which tacit knowledge or
know-how is acquired through an informal learning process (Jensen et al, 2007). Combining both
modes leads to improved innovation capabilities.

Lastly, innovation diffusion includes two main and interrelated factors: (i) innovations, that is,
the creative use of various forms of knowledge in response to economic or social demands
(OECD, 1999); and (ii) innovators, persons or institutions that create techniques to integrate the
developments, production and marketing activities at an early stage of the development work.
Innovators can also influence the probability that an innovation will be adopted (Freeman, 1991;
Wejnert, 2002).

From the above dichotomies, two network structures may be distinguished: (i) prescribed
networks consisting of formally specified relationships between superiors and subordinates
and (ii) emerging networks with informal patterns of interaction, in which individuals have a
particular interest (Ibarra, 1992). Figure 1 combines multiple dichotomies to clarify the diffusion
process. Actors play different roles and knowledge dissemination takes different paths within these
two structures.

The research reported in this article aims to analyse the diffusion of CA innovations through a
network approach, by addressing two questions: (i) Which CA innovations have farmers adopted
and where did they learn them? and (ii) Who are the key innovators in the network and what roles
do they play in the diffusion of CA practices? These questions were explored from a network
perspective with the objective of identifying barriers and opportunities concerning the promotion
of a more sustainable agricultural system.

Information from maize producers involved in Mexico’s Sustainable Modernization of
Traditional Agriculture3 (MasAgro) initiative was used to analyse innovations and innovators
through a network approach. The article concludes by stressing the importance of establishing
networks focusing on CA practices as an alternative strategy for mitigating the impact of CC.
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Methodology

Data Collection

Data collection took place in the Mexican state of Chiapas, where a survey was conducted
involving 545 maize producers. This was complemented by 15 semi-structured interviews with
key actors in the network and 6 focal group meetings with research institutions and producer
organizations, as well as participant observation. Network data were collected using an ego-
centric approach to capture direct personal information from stakeholders, which is ideal for
studying the effects of social networks on individuals (Wejnert, 2010). Network analysis uses
specific terms that are defined in Table 1.

To obtain information on learning relationships among CA practitioners, we asked each farmer
to list the CA and GAMP practices he/she applies and indicate from whom he/she learned them. A
questionnaire was administered using snowball sampling to select participants (Wasserman and
Faust, 1994). This type of sampling has advantages for capturing network properties (Maertens and
Barrett, 2012) and saves resources in large networks such as the ones included in this case study.
The disadvantage of this sampling method is that it can miss specific groups of actors if they are not
well connected, or if the sample does not include a large portion of the network (Scott, 2000; Ekboir
et al, 2006).

Data Analysis

Centrality measures are one of the most commonly used tools to identify key nodes in SNA. The
Centrality of a node captures all communications activity and the people who control these
communications, and also identifies the people who occupy critical positions in the network
(Freeman, 1978; Valente et al, 2008).

However, Borgatti (2005) proposes Key Player measures that select a small set of population
members to use as seeds for the diffusion of practices (www.analytictech.com/). This study
applied several Centrality principles and Key Player measures to detect communication activity
and its control in the network (Table 2).

Figure 1: Multiple dichotomies between prescribed and emerging networks.
Note: The arrows represent the vertical and horizontal dimensions of the relationships.
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The interviews and focus group discussions were transcribed and systematically analysed to
contrast the questionnaire results. This ensured the reliability and validity of the data through
triangulations of information. Innovation adoption patterns were analysed using ‘ggplot’
(Wickham, 2009). For network analysis the statistical package R was used, and the extensions
‘sna’ (Butts, 2010) and ‘igraph’ (Csardi and Nepusz, 2012) were used to calculate Centrality
measures. The Key Player software (Borgatti, 2006) was used to identify strategic nodes in
harvest and diffuse indicators.

Results

Innovation Adoption and Knowledge Sources

Figure 2a details the adoption patterns of eight CA and GAMP practices, in which 21.5 per cent
of the producers adopted five to seven practices, 69.2 per cent two to four and 9.4 per cent one or
none. Figure 2b shows the adoption index of these practices. Weed management, use of quality
seed and minimum tillage are the practices most adopted by farmers, as they seek to reduce labour
costs, increase yields and improve soil fertility.

Table 1: Basic terms used in SNA

Terms Definitions

Network/Graph A graph or network is a pair (N,g), where g is an n×n adjacency matrix on the set of
nodes and gij indicates the relationship between i and j. A graph displays points that
represent nodes (individuals and institutions) and lines that represent edges
(knowledge relationships)

Node Also referred to as a vertex, agent, actor or player, a node can be a producer,
extension worker or research centre, among others

Ego Interest node within a network (for example, maize producers who promote CA)
Alter Node connected to an ego (for example, an individual or institution connected to a

maize producer)
Edge (link/tie) Network edge among egos and alters. A relationship between two nodes i and j.

Edges are also referred to as links or ties, for example, knowledge relationships
about CA practices

Degree Number of knowledge edges that a node has to or from other nodes. Degree of a
node i in a network (N,g) is the number of neighbours that i has in the network, so
that di(g)=|Ni(g)|

Path Pathway where each node and edge is used only once
Geodesic distance Shortest path connecting two nodes (individuals or institutions)
Directed graph A graph is directed if g is required to be asymmetric so that gij≠gji, and is undirected

otherwise. Unilateral relationships are important in directed networks, which, for
example, can be used to answer the question: Who do maize producers learn from?

Density Density represents the proportion of potential relationships in a network that are
actually present. In a directed graph, density=l/g(g−1), where the total number of
possible lines is equal to the total number of pairs of points

Centralization Network index that measures the difference in Centrality (relative importance of a
node within a graph) between the most central node and all others

Transitivity When there is a tie from i to j, and also from j to h, then there is also a tie from i to h;
in other words, friends of my friends are my friends

Source: Borgatti (2005), Hanneman and Riddle (2005), Jackson (2011).
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Table 2: Graph indices and Centrality – Key Player measures in the CA innovation network

Concept/
measure

Descriptiona Utility Indices Mean Standard
deviation

Graph–level indices
Density Measure that relates the number of observed

relationships to the number of possible
relationships

Identifies the level of interaction in the network 0.003 — —

Centralization Measure that exposes the difference in Centrality
(relative importance of a node within a graph)
between the most central node and others

When analysing knowledge interactions it is
important to know who is referenced in the
learning of new practices

0.192 — —

Transitivity Measure that indicates the transitive relationships.
For i, j and h actors. When there is a tie from i to j,
and also from j to h, then there is also a tie from i
to h

A high transitivity indicates stronger relationships
between network members. Friends of my friends
are my friends

0.470 — —

Modularity Networks naturally divide into communities or
modules. Modularity is the degree of network
grouping into subgroups (Newman, 2006)

It is important to identify integrated groups as
they correspond to sets of producers who perform
agricultural practices and have similar behaviours

0.782 (21
communities)

— —

Centrality and Key Player measures
Betweenness Measure that identifies nodes with paths most

travelled. A node is central if it lies between other
nodes and connects the path between them
(Wasserman and Faust, 1994)

Finds nodes that act as bridges or connectors for
communicating information

— 2.809 4.228

Leverage Measure that assesses the degree of Centrality of a
node, with respect to the degrees of its immediate
neighbours with which it interacts. A node is
locally important as it relates to nodes that have a
high degree of Centrality (Joyce et al, 2010)

Identifies local nodes that are important for
disseminating information. In this study, these
local nodes are producers who are referred to by
other producers as learning sources

— −0.031 0.2

Alpha Centrality Measure that assesses nodes that are connected to
many nodes, which in turn are connected to many
other nodes (Bonacich and Lloyd, 2001)

Identifies nodes that are cited by many others and
are therefore the most important information
resources for innovation. In the present study, this
measure captures only external sources of
learning

— 0.076 0.511

Harvest Measure that locates key nodes that receive
learning relationships from others (Borgatti,
2006)

Identifies key nodes that are connected and
embedded within the network to be used as seeds
for the diffusion of practices or attitudes

— 0.146 0.221

Diffuse Measure that locates key nodes that send learning
relationships to other nodes or information
seekers (Borgatti, 2006)

Identifies key information collecting nodes — 0.146 0.202

aFor theoretical and mathematical development of each measure, see the corresponding references.
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Some CA principles such as the use of mulch and crop rotation have low adoption, while
minimum tillage is practised by 51.2 per cent of farmers, probably due to previous initiatives
promoting minimum tillage in Mexico. As an example, in 1998 producers in Chiapas formed a
minimum tillage club as part of an FIRA4 project, which was highly successful in reducing the
practice of burning residue.

The use of mulch is a major constraint for some producers because they have to apply direct
seeding in plots with residue cover. This study found that 52 per cent of farmers rent machinery
and 42.6 per cent have no access to any type of equipment. To overcome this problem, it is
necessary to adapt machinery at the three levels of power usage (man power, animal traction and
mechanized equipment) to local conditions. The fact that just a small number of farmers use
specialized machinery (Figure 2b) implies that there are limitations for adopting a comprehensive
CA package. We found that although a farmer may have the interest, often they do not have the
resources to access specialized machinery.

Mulch can also constrain crop rotations. Many farmers produce crops that have different
growth habits, which can make handling residue challenging. For example, rotating maize and
peanuts with full residue retention makes the peanut harvest difficult, if not impossible.

With respect to sources of information about CA and GAMP, these were classified based on
the type of actor and whether they are external or internal. Results indicate that farmers learn
mainly from other farmers, and that the importance of information sources differs depending on
the type of practices they use (Figure 3).

Practices such as biofertilizer use are learned from research institutions. Those relating to
marketing or intellectual property rights, such as quality seeds, are learned from input suppliers.
Mechanization has a low adoption index (Figure 2b), and farmers learn how to use machinery
from other farmers (Figure 3) because there is no strategy that provides funding and training for
this important component.

Figure 2: Pattern and adoption index of CA practices. (a) Adoption pattern; (b) Adoption index: (1)
Minimum tillage, (2) Machinery, (3) Mulch, (4) Improved seed, (5) Crop rotation, (6) Biofertilizers, (7)
Weed control, (8) Pest control.
Note: Shaded areas in Figure 2a show the three groups that conform to adoption patterns of CA and
GAMP.
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Key Actors in Innovation Diffusion

Density describes the general connectedness in a graph but is lower in directed graphs, as in this
case. Centralization close to 20 per cent indicates a high domain of some nodes about
relationships. Transitivity as a proportion indicates that there may be strong ties in the network.
Network modularity indicates a high degree of grouping and the existence of 21 groups in the
interior network that exhibit strong ties in learning relationships (Table 2).

Centrality and Key Player measures were calculated for each actor. External sources were
detected by the alpha Centrality score in statistical analysis, which was complemented by data
gained through participant observation. On the other hand, internal sources were detected by
identifying the highest Centrality and Key Player scores and then combining those scores with the
theoretical definition of each measure.

Network visualization gives an overview of the relationships in the diffusion process. Figure 4
shows the presence of star-like configurations, in which actors concentrate knowledge relation-
ships from others. This indicates that certain actors control the knowledge activity.

The presence of key actors at the centre of star-like configurations within the network is
important because the information they exchange and the role they play influences the probability
of innovation adoption. This study performed a selection of key actors through SNA, as a set of
network members that can function as innovation champions and seeds for the diffusion of CA
and other GAMP practices.

The Role of Key Actors in Innovation Diffusion

A typology of key actors is shown in Table 3. Stakeholders of different types are identified as
internal and external sources of learning. External resources are systemic instruments5 for

Figure 3: Information sources. Producers learn each CA practice from a different source and at a different
level. Example: considering only those producers who apply biofertilizers, 84.6 per cent learned the
technique from a research institute.
External source: Government, input supplier, research institute and organization; Internal source: Producers.

Innovation Diffusion in Conservation Agriculture

321© 2016 European Association of Development Research and Training Institutes 0957-8811
European Journal of Development Research Vol. 28, 2, 314–329



    
  A

UTHOR C
OPY

research support that play different roles, such as formulating policy design strategies, providing
innovations and generating technology roadmaps. Public innovation consultants are divided into
two groups: (i) public innovation consultants related to individual farmers who work to link
systemic instrument efforts and (ii) public innovation consultants related to organized farmers
using public funding. Finally, private consultants focus on marketing their products.

There are three internal sources of learning: (i) local bases for innovation, who are amplifiers
via prestige and concentrate learning relationships from other actors; (ii) peer managers, who are
bridges that use weak ties to provide new information to the network; and (iii) collectors, who
need spatial proximity to learn and share information.

From these elements we identified two structures: (i) prescribed networks, where relations
among superiors and subordinates are hierarchical, and characterized by the predominance of

Figure 4: CA network in Chiapas, Mexico. Vertex labels indicate nodes with the highest Centrality and
Key Player scores: Alpha Centrality (A); Leverage (L); Betweenness (B); Harvest (H); Diffuse (D);
Stakeholders with low scores (S).
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formal relations, external sources of information, emphasis on explicit knowledge and
innovations as key elements; and (ii) emerging networks where peer relations are more
egalitarian, characterized by the predominance of informal relations, internal sources of
information for learning, an emphasis on tacit knowledge and innovators as key actors who
spread information.

Discussion

The Adoption of CA Together with GAMP

CA principles are applied together with GAMP depending on the local context. In this study, the
STI innovation mode is based on the effectiveness of external information sources and explicit
knowledge, whereas the DUI innovation mode considers strong internal information sources
where tacit knowledge or know-how determines how producers adapt, adopt and respond to
innovation. Both modes work simultaneously in the diffusion process, but knowledge takes
different trajectories (Figure 3).

There are practices, such as mulch, biofertilizers and quality seeds that require external support
(public or private). On the other hand, internal sources adapt knowledge to local conditions, learn
from other producers and only involve external sources to improve certain techniques. However,
bottlenecks are created when practices/crops are simultaneous, such as maize and peanut
production, or are reliant on each other, such as mulch and minimum tillage. According to
Andersson and D’Souza (2014) minimum tillage without residue retention can be more harmful
to agro-ecosystem productivity.

It is important that public policymakers consider that CA practices involve a cost to producers,
for they must invest time in learning and buying capital goods (Pretty, 2008). The presence of
interrelated innovations is an aspect that should also be considered, as many simultaneous
decisions may be involved (Gershon et al, 1985) that require a long-term vision. CA principles
require reorganizing the production process (Scopel et al, 2013). Because CA is knowledge-
intensive and a complex system to learn, the initial phase of its adoption is a slow process
(Kassam et al, 2009), which Lahmar (2010) qualifies as step by step in the adoption pattern,
as shown in Figure 2a. This pattern is seen in other parts of the world as well. In Southern Africa
Andersson and D’Souza (2014) found that CA practices were adopted in partial or incremental
form, with minimum tillage being the first component to be adopted. In addition, in Central Asia
adoption of CA in temperate zones is limited to one or two components rather than a combination
of all practices (Kienzler et al, 2012). Adapting machinery to local conditions is another challenge
to overcome. It has been shown that adapting machinery design to new farming systems, can
facilitate the practices of minimum tillage and the seeding into residues. (Hobbs, 2007; Kienzler
et al, 2012; Kirkegaard et al, 2014).

The Spread of CA

If the evolutionary approach (Nowak and Highfield, 2011) is used to analyse innovations, an
innovation that has a selective advantage would spread faster, and one with a selective
disadvantage would spread more slowly. In CA, a selective advantage means that a producer
generates profits by applying one practice (b/c>1) in the short term. A selective disadvantage
would mean that a producer would make a great investment in learning and capital goods, but
would only generate a return in the long term. This is one of the greatest impediments to the
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adoption of CA, as Thierfelder et al (2013) show that under CA, increases in crop yields take
between three and five seasons to be significant. However, there is a greater probability that an
innovation will reach the entire population if producers have more selective advantages. This
is known as the fixation probability of innovation.

How do networks help to increase the fixation probability of an agricultural innovation? First,
network mapping helps to develop a strategic plan to promote amplifiers and hinder suppressors;
key actors as star-like configurations (see Figure 4) are amplifiers (whenever there is reciprocity
in relationships), whereas suppressors are nodes connected to a single root (Lieberman et al,
2005) where information is concentrated. Second, the networks help detect individuals who
practise innovations with selective advantages that can promote the diffusion of practices that
give good results, that is, in a triadic structure, a non-adopter tied to two adopters or promoters of
an innovation will end up adopting it (Monge et al, 2008).

Kienzler et al (2012) states that both a better diffusion of information, and more awareness
and learning between farmers and policymakers about the advantages of CA are necessary to
achieve adoption of CA practices. This demands the creation of ties between farmers, markets
and organizations that provide services. The degree of network integration will influence the
probability of innovation fixation, the ability to detect groups or communities through
modularity and the design of specific strategies to promote better agronomic practices.
Furthermore, in accordance with Marcoux and Lusseau (2013), the network modularity,
as well as the size of the clusters or communities, has an effect on the cooperation within the
network.

Integrating Networks to Promote CA

Given the varied actors, roles and beliefs in a network, certain mechanisms are needed to align
strategies towards a common end. Klerkx and Aarts (2013) addressed the need to shape the
direction and system of innovation under the concept of orchestration, defined as the
establishment of a set of strategies to implement an action. Valente (2012) uses the term
‘network intervention’ when describing how social networks are used to accelerate the
diffusion of innovations and improve organizational efficiency. Examples of these forms of
intervention are:

(i) Identification of individuals who act as champions. In Table 3, the ‘local bases for
innovation’ play this role through prestige and are called referents. However, those actors
are not always the best means of spreading information. ‘Peer managers’ who act as
bridging individuals can create more cohesive networks (Valente and Fujimoto, 2010)
and improve new information through the use of weak ties.

(ii) Segmentation of the network, which refers to identifying groups of people (through
modularity) who change how something is done at the same time; a clear example of this
is the ‘minimum tillage club’ located in Chiapas. This is a group of people (a community
of practice) who share an interest and work to deepen their knowledge (Wenger et al,
2002) but also establish their own rules.

(iii) Induction of behaviours, which refers to the identification of actors with high reach
(coverage) in the network who can help implement media campaigns promoting CA benefits.

(iv) Changing relationships in the network, in which the alteration strategy takes a dynamic
perspective and adds/deletes nodes, adds/deletes ties or rewires existing ties. For example,
in this study ‘collectors’ can be linked to ‘local bases for innovation’ to promote
knowledge exchange or delete nodes to deter suppressors.
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Table 3: A typology of the role of external and internal sources of knowledge

Predominant
components

Influence level Type of actor Network measure Role Observations Stakeholders

1. Diffusion into a
population
External sources
Explicit knowledge
STI mode
Formal relationships

(1.1) Policy and innovation
support level

(a) Systemic actor for
innovation support

Alpha Centrality ● Innovation process
management

Catalyse innovation,
promote networks.
Provide infrastructure

International and
national research
institutes, government,
universities

● Demand articulation Platform meetings,
knowledge exchange

Research institutes,
universities

(1.2) Brokerage level (a) Public consultants
(individual producers)

Alpha Centrality ● Demand articulation
/network brokerage

Knowledge
facilitation

Public extensionists as
individuals

(b) Public consultants
(organized producers)

Alpha Centrality ● Network brokerage Knowledge
facilitation, help
provide public
subsidies

Public extensionists as
a team/Despachos

(c) Private consultants Alpha Centrality ● Network brokerage Commercialize their
products

Private consultants

2. Diffusion within a
population
Internal sources
Tacit knowledge
DUI mode
Informal relationships

(2.1) Farm level (a) Local bases for
innovation

Leverage
Centrality/harvest

● Prestige/spatial proximity
for learning

Combine explicit and
tacit knowledge.
Amplifiers for
innovation

Producers as strategic
nodes for the diffusion
of innovations in local
environments

(b) Peer managers Betweenness ● Weak ties Bridges between peers
and external sources.
Capable of articulating
or disrupting the
network

Producers
participating in
decision making
levels, linking other
producers and
organizing the
network at local level

(c) Collectors Diffuse ● Spatial proximity They tell others about
new practices and the
good or bad outcomes

Producers that
mention many other
producers

Source: Klerkx and Leeuwis (2008) using Borgatti (2006), Howells (2006).
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Conclusions

The whole network structure shown in Figure 4, and the network analysis carried out, helps to
identify key stakeholders and facilitate assertive and effective network orchestration. Allies of the
network orchestrator must identify both the brokerage and farm levels (Table 3), as they play
different roles and imply different paths for information. Locating key actors at the organizational
level can be relatively simple if you have a basic knowledge of the environment. However, in
complex networks and at the farmer level, this task can be complicated, and use of the SNA tool
can provide valuable information.

In the vertical dimension of the diffusion process (prescribed network), intervention strategies
are defined by the role of systemic actors for innovation as well as public and private consultants.
However, this process is truncated where producers have informal methods for functional
behaviour (emerging networks). In a horizontal sense, the diffusion process may begin from the
bottom levels, where internal sources act as amplifiers, bridges or collectors for knowledge
exchange. This latter process is truncated by the top levels when formal structures are defined to
make things happen.

Finally, the results demonstrate that studies on innovation diffusion must consider two
dimensions: (i) innovation as technological practices, whose adoption patterns and sources of
information play different roles in learning; and (ii) innovators at different levels of the network
structure that produce, manage, articulate, adapt, adopt or replicate an innovation as part of a
dynamic process. Future research should consider a dynamic analysis of the behaviour of
learning relationships given that they change over time; trust is built and broken, new
technologies and thus new sources of learning emerge, and those producers and institutions that
were at one time influential may not be in the future. Dynamic analysis will allow better
assessment of the innovation adoption pattern and the role of innovators as change agents.

Acknowledgements

This work was carried out under the project “Mapeo de Redes de Innovación – TTF 2013-019” by the Center
of Economic, Social and Technological Research on Agribusiness and World Agriculture (CIESTAAM) in
collaboration with International Maize and Wheat Improvement Center (CIMMYT). Financial support of the
Mexico’s Ministry of Agriculture, Livestock, Rural Development, Fisheries, and Food (SAGARPA) is
acknowledged, as well as two anonymous reviewers for their helpful comments.

Notes

1. SNA is used to analyse ties between actors, and the patterns and implications of these ties within a social
structure.

2. Contagion: people adopt when they come into contact with others who have already adopted; social
influence: people adopt when enough people in the group have adopted; social learning: people adopt
once they see enough empirical evidence to convince them that an innovation is worth adopting; see
Young (2009).

3. MasAgro, an initiative of Mexico’s Ministry of Agriculture, Livestock, Rural Development, Fisheries
and Food (SAGARPA) and the International Maize and Wheat Improvement Center (CIMMYT), brings
together national and international organizations in partnership with innovative Mexican farmers to
obtain higher and more stable crop yields.

4. Trust Funds for Rural Development (FIRA) is a second-tier development bank that offers credit and
guarantees, training, technical assistance and technology-transfer support to the agriculture, livestock,
fishing, forestry and agribusiness sectors in Mexico.
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5. The systemic instruments of innovation are actors and/or institutions that construct and organize the
systems of innovation, and provide technological platforms for learning and experimentation, as well as
infrastructure. Moreover, they promote demand articulation, market strategy and development vision;
see Smits and Kuhlmann (2004).
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