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Chapter 15

Agent-Based Models and Integrated Pest
Management Diffusion in Small Scale
Farmer Communities

Francois Rebaudo, Carlos Carpio, Verénica Crespo-Pérez, Mario Herrera,
Maria Mayer de Scurrah, Raul Carlos Canto, Ana Gabriela Montafiez, Ale-
jandro Bonifacio, Milan Mamani, Raul Saravia and Olivier Dangles
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Abstract The purpose of this chapter is to present how agent-based models can be
used for the diffusion of Integrated Pest Management (IPM) information in small
scale farmer communities, using the potato tuber moth in the North Andean region
as a study case. This issue was addressed through an international project called
INNOMIP (INNOvacién en el Manejo Integrado de Plagas, 2009-2012, funded
by the McKnight Foundation), which operated in three Andean countries (Ecuador,
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Peru, and Bolivia). This project involved scientists from a broad range of disci-
plines, from agronomists to modelers to extensionists. With the specific objective
of proposing innovative IPM extension tools, we first developed a role-playing
game relying on an agent-based model to simulate the consequences of individual
behaviors on pest control in a theoretical landscape. We then tried this role-playing
game with 90 farmers belonging to 6 communities in three countries. Briefly, the
training sessions consisted of a board game where farmers could exchange and
discuss information about TPM practices and visualize the benefits of IPM adop-
tion and cooperation within a theoretical landscape. Based on farmer interviews
and comparison of IPM level of knowledge before and after the sessions, our
study suggests that the role-playing game sessions significantly increased the IPM
knowledge score in the community and also reduced farmers’ knowledge heteroge-
neity. Moreover, our analyses suggest that farmers’ age and extension experience
significantly affected role-playing game success, with younger participants (and
among them, those with higher initial knowledge) more inclined to increase their
IPM knowledge after the session. While we have no evidence of the long (mid)-
term benefits of our sessions in the adoption/changes of IPM practices, farmers
revealed themselves more predisposed to understand and realize the importance
of the cooperative basis of IPM and therefore disseminate to their peers IPM
information they had acquired. At a broader scale, this study exemplifies how a
computer simulation model can be used for teaching purposes and may represent
a promising complement to existing IPM diffusion programs. More broadly, our
experience with ABM (Agent-Based Models) for IPM issues suggests that new
approaches in pest management extension practices should include topics such as
group decision making, intergroup relations, commitment, and persuasion which
deal directly with how other farmers influence each other’s thoughts and actions
and consequently with the level of insect infestation in the community.

Keywords Role-playing game - Potato tuber moth - Andes - Social-ecological
systems - INNOMIP program

15.1 Introduction

Food security of millions of people in the third world has faced a growing num-
ber of challenges in recent years including risks associated with climatic change
and extreme events, unprecedented price hikes for basic food and the continuing
growth of the human population (Gregory et al. 2009). If future world demand is
to be met, food production must virtually double by the year 2050 (Thomas 1999).
One potential approach of meeting part of this demand is the control of insect pests
and diseases, which are estimated to cause losses approaching 6070 % in available
crop production and storage in developing countries (Nwilene et al. 2008); farm-
ers cannot afford to feed pests in addition to themselves. In the Andes, climate
and habitat changes are considered to be one of the most serious threats to sus-
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tainable development, with adverse impacts expected on the environment, human
health, economic activity and food security (Young and Lipton 2006). Over the
last decade, the tropical Andes have also experienced socio-economic and insti-
tutional changes that have increased the pressure on natural resources, weakened
the internal social organization and caused cultural erosion in the Andean society,
reducing the capacities of populations to overcome these challenges (Perez et al.
2010). At the interface between environmental and social changes, the risks related
to agricultural pests are of major concern for the food security of thousands of
Andean farmers. For example, the emergence and spread of new invasive insect
pests (e.g., potato tuber moths in Ecuador, Tecia solanivora) are a consequence of
both climatic and socio-economical factors (Dangles et al. 2008, 2009). The risks
related to agricultural pests in a changing climate will be of major concern for the
food security of thousands of Andean farmer communities for at least two reasons.
First, effects of temperature increase on insect pests is expected to be greater in the
mountainous regions than in lowlands, reflecting the prediction of much larger pro-
portional temperature rises in the mountainous regions (Hodkinson 2005). Second,
the wide range of thermal environments found along altitudinal gradients in the
Andes may increase the risks presented by invasive pest species in the near future
(Hagen et al. 2007; Dangles et al. 2008). More species can “be packed” into a long
thermal axis than into a shorter one. Small differences in elevation can also create
strong microclimatic differentials over short distances and allow persistent micro-
climatic refuges for pests to develop (Bale et al. 2002).

However, given the paucity of studies on Andean pest response to climate and
the complexity of agro-ecosystems and farmer mitigation response, mid- to long-
term predictions regarding the effect of climate change on pests in the Andes remain
uncertain. In view of recent developments in empirical data analysis and modeling
(Gelman and Hill 2007), new approaches are now available to better understand and
predict pest dynamics. A transfer of this knowledge to local technicians is a great
way to strengthen the resilience of the Andean region to pest problems; technicians
have a key role in transferring advances in scientific knowledge to farmers (Feder
et al. 2004).

Because of important limitations such as access to technology and funding, low
levels of education, or village inaccessibility, the transfer of integrated pest man-
agement (IPM) knowledge through pest management programs is a difficult task in
developing countries and policy makers have long been in search of new and better
strategies to promote IPM (Oerke 2005). During the last decade, several participa-
tory research, management and teaching programs have been implemented in the
Andes to help small farmers facing risks presented by agricultural pests (Thiele
et al. 2001). Among them, farmer field schools (FFS) are an intensive training ap-
proach extensively applied in the last decade to promote knowledge of agroeco-
logical concepts, apply IPM practices, reduce the use of pesticides and improve
crop yields (Pumisacho and Sherwood 2005). Because of the high training cost,
the success of FFS depends on the effectiveness of knowledge diffusion from a
limited number of trained farmers (graduate farmers) to other farmers (exposed
farmers). Graduate farmers are therefore encouraged to share their knowledge with
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other farmers within their communities. Although this aspect is fundamental for
the progress of knowledge enhancement programs, theoretical studies on diffusion
from FFS have received little attention and empirical evidences provide conflicting
conclusions (Feder et al. 2004). The way acquired information is spread by exposed
farmers is a complex process that can be affected by a number of factors such as
the structure of the interaction social network, the size of the community, the level
of homophily (common interests among farmers) or the spatial organization of the
community (Feder and Savastano 2006). A better understanding of the processes by
which new knowledge spreads through farmer communities is of crucial importance
for the success of farmer training programs (Dangles et al. 2010; Rebaudo and Dan-
gles 2011). We believe that new approaches, such as agent-based models (Bonabeau
2002; Rebaudo et al. 2010, see definition thereafter), would strengthen the role of
education in reducing community vulnerability to pest risks, and spur adaptation to
ongoing climate-driven changes in pest distribution and abundance.

15.2 Diffusion Theory and Integrated Pest Management

For almost half a century, the theory and practice of agricultural extension has
been dominated by Rogers’ “diffusion of innovation theory” (Peshin et al. 2009).
As mentioned above, the success of IPM programs depends on the effectiveness
of information diffusion from farmers to farmers, a precept that has demonstrated
varying results (Rebaudo and Dangles 2013; Matteson 2000). These may be due
to the very nature of the information being disseminated: is it the philosophy of
IPM (i.e., an integration of all elements of the agro-ecosystem and their interaction
leading to a given set of practices in a given context) or rather advised practices in
an IPM context for a given problem? As exemplified by Peshin et al. (2009), there
are several levels of integration that constitute the IPM approach. Along with these
considerations, there are several technical and socio-economical factors that must
be taken into account, from the trialability and risk perceived by farmers, to the
farmers’ social network. Trialability (one of the criteria for acceptance of innovation
according to Rogers (2003) is the perceived degree to which an innovation may be
tried on a limited basis or small-scale, and thus reduce risk, which would enhance
the chance of acceptance. Such complexity can however be represented in a sim-
plified way using different modeling approaches. The common approach is math-
ematical and relies on the Bass model (Mahajan et al. 1990; Bass 1969), describing
the “S-curve” of cumulative adopters as follows:

d};?) i %'N(’)('”—N(t))“‘p'(m—N(t)) (15.1)

Where N(?) represents the cumulative number of adopters and dN(#)/dt the variation
of the cumulative number of adopters as a function of time ¢, p and g the coeffi-
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Fig. 15.1 Representation of a social-ecological system that is affected by ecological (lefi-hand
side) and social properties (right-hand side), and exhibits time lags, thresholds, non-linearity,
feedback reciprocity loops and heterogeneity. (based on Chapin et al. 2009; Liu et al. 2007)

cient of external (e.g. marketing, television, radio) and internal (world-of-mouth,
mimicry) influence, respectively, and m is the number of potential ultimate adopters.

In the Bass model, however, social networks through which the innovation is
disseminated, are not taken into account, while the importance of social networks
has been recognized to influence information diffusion (Fowler and Christakis
2010), with different networks favoring the spread of new ideas or technologies
(Montanari and Saberi 2010). In this context, another modeling approach, using

agent-based simulations, seems particularly promising (Kuandykov and Sokolov
2010).

15.3 Agent-Based Models in Social-Ecological Systems

In most countries around the globe, land is dedicated to crops, so that agriculture
plays a major role in shaping landscapes (Firbank et al. 2008; Ziegler et al. 201 1).
These landscapes constitute social-ecological systems (SES), i.e., systems where
environment and human activities are tightly linked (Hufnagl-Eichiner et al. 2011;
see Fig. 15.1). SES are characterized notably by non-linear dynamics, thresholds,
feedback loops or delays in time (Liu et al. 2007), and are consequently susceptible
to unexpected changes (Chapin et al. 2009).

However, questions related to the interactions between ecological dynamics and
social dynamics have been examined for many years either as “an ecological sys-
tem subject to anthropogenic disturbance” or, as “a social system subject to natural
constraints” (Bousquet et al. 1999). In this context, agent-based models appeared
to be a good alternative to integrate knowledge from both social and ecological
sciences (Smajgl et al. 2011). This type of computer model is composed of autono-
mous entities able of acting upon themselves and their environment (Daudé¢ 2003).
When considering human agents, it allows the integration of behavioral heteroge-
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neity, which in the case of IPM programs, is a key issue to understand and predict
the success of pest control information diffusion on a large scale (Paredes 2010;
Rebaudo and Dangles 2013).

Agent-based models (ABM) in a social-ecological context have been widely
used to represent the management of commons, for example natural resources like
water (Becu et al. 2003), bush meat (Bousquet et al. 2001), or forests (Bonaudo
et al. 2005). ABM have also been employed to represent land-use and land-cover
changes (Parker et al. 2003), but less often to simulate farmers’ behaviors facing a
pest (Carrasco et al. 2012), or as an educational tool for sustaining functional agro-
biodiversity in farming systems (Speelman and Garcia-Barrios 2010). Moreover,
ABM have proven to be excellent support for teaching and role-playing games, as
exemplified by the Cormas group (e.g. Guyot and Honiden 2006; Dray et al. 2006,
Mathevet et al. 2007; Barnaud et al. 2008), and seemed promising in the case of
IPM diffusion among small scale farmers of the Northern Andes.

15.4 Application Within Farmer Communities
in the Northern Andes

We designed a computer model of the Andean agricultural system as a support to
realize a role playing game with potato growers of the Andean region facing pest
problems. The main objective was to use the model to enhance the farmers’ aware-
ness that pest problems should be considered at the regional scale and that indi-
vidual actions should be coordinated to reduce pest populations to an acceptable
threshold. A key factor of coordination was underlined as being the wide sharing
of information regarding integrated pest management among community members.
The pest model consists of a cellular automaton which represents pest densities on a
spatially explicit landscape, implemented on the basis of previous work of our team
on the potato tuber moth Tecia solanivora (see Crespo-Pérez et al. 2011). The farm-
ers (mainly subsistence and market-oriented farmers, see Dangles et al. 2010 for a
description of Ecuadorian potato growers of the Andean region) were represented
through an agent-based model where actions of each participant were updated at
each time step, depending on their selection of practices. Briefly, IPM technologies
for the potato tuber moth 7. solanivora consist of prophylactic measures target-
ing fields and storage facilities (see Pollet et al. 2003 for a complete description).
These technologies were developed taking into account farmers’ local constraints
whenever possible. Their implementation requires a low economic investment and
is reasonably time-consuming compared to existing practices, to ensure sustain-
ability of the production system. A board game was used to represent the landscape,
the farmers and pest densities in grid cells represented farms. The formation was
divided into five parts: (i) preliminary session with farmers (Fig. 15.2, part c and d);
(ii) presentation of the role-playing session and appropriation of the board game by
participants (Fig. 15.2, part e and f); (iii) initialization according to inquests among
participants (Fig. 15.3, part a and b); (iv) role-playing session (Fig. 15.3, part ¢, d
and e); and (v) discussion and diffusion of information (Fig. 15.3, part f).
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Fig. 15.2 Pictures of the role-playing game sessions. Part (a): board game with participants of
the Marcopamba community in Ecuador. (A) theoretical landscape composed of 16 grid cells
where farmers managed the pest. (B) playing cards representing management decisions. (C) set of
colored cards used to update pest abundance in each grid cell (based on the simulation model out-
puts). Part (b): Screenshot of the agent-based model computer simulation. The gradient of colors
indicates the severity of pest infestation, from blue (no infestation) to red (high infestation). Part
(c) and Part (d): preliminary sessions in Bolivia and Ecuador, respectively, with participants filling
out the questionnaire. Part (e) and Part (f): Presentation of the game board in Bolivia and Peru,
respectively. Participants localize their farm in the board game and appropriate the space thanks to
drawings representing their main activities
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Fig. 15.3 Pictures of the role-playing game sessions. Initialization of the game board is realized
thanks to questionnaires and dispersal of the pest from one farm to another (part (a) and (b) in
Peru and Ecuador, respectively). Then a specific pest management practice is discussed accord-
ing to playing cards (Part (c) in Peru and (d) in Ecuador). Each participant’s practices can then be
updated according to their choices which consequently are updated in the board game thanks to the
computer simulation (Part (¢) in Peru). When all pest management practices have been discussed,
a general discussion is opened between farmers (Part (f) in Bolivia)

15.4.1 Preliminary Session with Farmers

The preliminary session with farmers was organized about two weeks prior to the
role-playing game session in order to get a first contact with farmers involved. At
the beginning of the session, there was a consensus among farmers about the need
of implementing a pest management program in their area. In order to evaluate
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farmers’ IPM knowledge, participants were asked to fill in a questionnaire including
11 items on pest management practices during different stages of the potato crop
(seed selection, field practices, harvest, storage, see Fig. 15.2, part ¢ and d). We also
registered on the questionnaire the participant’s age and sex for further analyses
(see Sect. 15.4.5). Based on the completed questionnaires, we built a “knowledge
index” for each farmer, which corresponded to the percent of questions answered
correctly. These data were later used to initialize the model. Note that some partners
of our group (in Peru) had been promoting IPM among farmer communities, and
documenting this process over several years and, in this case, the preliminary ses-
sion was not necessary and the whole session was realized in a single day (instead
of two days).

15.4.2 Presentation

The computer model consisted of a coupled cellular automaton (CA) representing
pest dynamics and agricultural landscape (see Crespo-Pérez et al. 2011), with an
agent-based model representing potato farmers facing the pest. Briefly, the CA was
a spatially explicit simulation model accounting for the pest dynamics (reproduc-
tion, survival, and dispersion), in a theoretical landscape divided into grid cells. The
farmers of the agent-based model behaved accordingly to participants’ decisions
which were updated at each time step in the model (information diffusion and con-
trol practices). These decisions influenced pest dynamics which were used to up-
date the role-playing game in return (see Rebaudo and Dangles 2011 for a detailed
description of the model).

The role-playing game consisted of a game board divided into grid cells (similar
to the computer simulation model), used in parallel with the computer model (see
Fig. 15.2 part a and b). The game board itself was composed of 16 square cells
representing participants’ farms (see Figs. 15.2 and 15.3). Note that if more than
16 farmers came to the session they were observers, but conceivably they could
team up to play in pairs. The cells were disposed to form a grid of four by four
cells. Each participant was responsible for one cell representing a potato produc-
tion unit (i.e., a farm). Participants’ pest management decisions were made within
pre-defined options through playing cards and pest abundances were represented
through a set of colors (from no pest to severe abundance, see Fig. 15.2, part a).
Once participants were familiar with the representation of the landscape and the
management options, we initialized the simulation model.

15.4.3 Initialization

In the preliminary session (see above), each participant was asked to answer
questions about theoretical and practical aspects of integrated pest management
(Fig. 15.2, part ¢ and d). Answers were used to initialize the level of pest infestation
in each farm. One of the 16 participants in the role-playing game was systematically



376 F. Rebaudo et al.

an extension agent whose role was to adopt unsuitable control strategies to foster
the heterogeneity among agents regarding control practices, and consequently un-
derlined the negative effect of individual behavior at the community scale.

15.4.4 Role-Playing Session and Discussion

Once levels of pest infestation were initialized for each farmer, a computer simu-
lation was run to determine a scenario of pest dynamics, given the spatial con-
figuration of all participants in the role-playing game (dispersion of the pest to
neighborhood farms, see Fig. 15.2 part b). Levels of pest infestation were updated
accordingly in the board game and a discussion was opened among farmers, which
focused on hypotheses to explain the new situation. In any case, the presence of the
extension agent participating as a farmer without good control practices led to the
necessity of : (1) integrating more components in control practices to ensure a better
control of the pest (e.g., IPM practices, vision of the landscape as a whole); and (2)
diffusing the IPM information to neighbors so that fewer pests would disperse from
neighborhood farms (see Fig. 15.3 part ¢ and d).

Using a set of playing cards (see Fig. 15.3 part d), farmers were then offered
the possibility of changing their practices. Each card, read collectively among all
participants, represented a key point of potato production regarding the pest in ques-
tion. Then different control strategies were offered to reduce pest incidence and a
discussion was opened to let farmers exchange information and decide which strat-
egy they wanted to apply (see Fig. 15.3, part ¢ and d). Then, decisions were updated
in the computer model and levels of pest infestations were updated in the board
game. The role-playing game continued as long as there were remaining playing
cards. Finally, a general discussion ensued.

At the end of the role-playing session, a majority of the theoretical landscape
contained low levels of pest infestation, except for the extension agent’s farm and
farms neighboring it. A general discussion among all participants stressed the need
of diffusing information to all farmers of the community to reduce pest incidence at
the landscape level (see Fig. 15.3, part f). To conclude, we reevaluated participant
knowledge on pest management issues with the 11-item questionnaire used for the
first session.

15.4.5 Impact of Role Game Sessions on Farmers’ Knowledge

Our sessions gathered both male (64 %) and female (36 %) participants, young and
old (39% less than 40 years, 41 % between 40 and 60 years, and 20 % more than
60 years). Their mother language was Spanish (30 %), Quechua (35 %) or Aymara
(35 %); the sessions were carried out in Spanish with translation to Quechua and
Aymara. Most participants had received limited IPM training sessions in all coun-
tries. We assessed participants’ learning by comparing their [IPM knowledge before



15 Agent-Based Models and Integrated Pest Management Diffusion in Small ... 377

and after the training session using a pair t-test (knowledge scores before vs. after
training). Results for the six studied communities (total of 90 potato growers di-
rectly participating in the role game) and for each of the four stages of pest control
practices (during seed selection, crop production, harvest, and storage) are given in
Table 15.1. Overall, we found that all participants increased their pest management
knowledge after the training session (significantly in 66% of the surveys, t-test,
P<0.05, Table 15.1). Importantly, our data also show that training sessions decreased
farmers’ knowledge heterogeneity in the community, as evidenced by lower stan-
dard deviation and min-max range values after the training session than before (see
Table 15.1).

We further used generalized linear models (GLMs) to test the effects on farmers’
learning (expressed as the difference between their knowledge after the session and
before the session) of five variables: participant age, sex, initial knowledge, com-
munity, and country (Ecuador, Peru, and Bolivia). We used standard model simplifi-
cation procedures to identify significant terms of the initial models, by starting with
the most complex model (including all variables and interactions) and subsequently
eliminating higher-order terms. Of the five variables included in our GLM analysis,
age and country best explained differences in farmers’ learning among the six train-
ing sessions (see statistics in Table 15.2). Overall, older participants (>60 years)
had lower learning scores than younger ones. Also, learning scores differed among
the three countries (they were higher in Peru, followed by Ecuador and Bolivia),
suggesting that factors associated with the experience of the local training team
(e.g., long-term interaction with the communities, experience of the extensionist
to lead the session, etc...) is likely to influence the success of the sessions. IPM
knowledge, sex, and community were not significant predictors of farmers’ learn-
ing after the role-playing game session (P=0.167, 0.198, and 0.251, respectively).
Interestingly the GLM revealed a significant interactions term between age and
initial knowledge (see Table 15.2) suggesting that young (<40 years) participants
with high initial IPM knowledge had the highest probability to increase their IPM
knowledge during the session (P=0.023).

All this suggests that while role game-based sessions had an overall positive
impact on the IPM knowledge of the whole community (both increasing mean IPM
knowledge score and decreasing heterogeneity among farmers), their effective-
ness increased with young participants and when the extensionist group has a long
experience in pest management training.

15.5 Conclusion and Discussion

A key achievement of the role-playing game based on an ABM was that, by provid-
ing farmers with evidence that pests propagated through their community not as
the result of isolated decisions by individuals but rather as the result of repeated
interactions between multiple individuals over time, our ABM pointed at key psy-
chological and social issues that were highly relevant for efficient management
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Table 15.2 Results of the generalized linecar model (GLM) analysis on farmers’ learning (expressed
as the difference in pest management knowledge after vs. before the training session). Data include
15 farmers in six communities in three countries (total 90 farmers). For each analysis, all terms
and their interactions are included in the model. AIC is the Akaike’s Information Criterion for the
initial model after removal of the “effect” term. AAIC corresponds to the difference between the
AIC of the initial model and that of the reduced model. Likelihood ratio test (LRT) and associated
P-values test the hypothesis that the suppression of the ‘effect’ term provides no better fit than the
initial model. Only significant interaction terms of the GLM analysis are shown. Analyses were
performed using the MASS library for R (R Core Research Team 2009)

Effect AlIC AAIC LRT P-value
Initial knowledge 161.3 1.8 1.439 0.167
Age 157.9 5.2 4.551 0.032*
Sex 161.3 1.8 1.654 0.198
Community 161.6 125 1.320 0.251
Country 158.7 4.4 3.897 0.043*
AgeXinitial knowledge 155.7 7.4 6.091 0.023*

* denotes significant likelihood ratio tests (p-value < 0.05)

of invasive pests, and a central point of integrated pest management (Peshin et al.
2009). ABM may therefore be a powerful tool to advance the application of social
psychology theory by stakeholders in rural communities (Smith and Conrey 2007)
and to change individual attitudes (Jacobson et al. 2006), all of which is needed for
the adoption of IPM in remote areas of developing countries. This suggests that new
approaches in pest management extension practices should include topics such as
group decision-making, intergroup relations, commitment, and persuasion which
deal directly with how other farmers influence each other’s thoughts and attitudes
toward cooperation and actions (Mason et al. 2007; Urbig et al. 2008). By examin-
ing group- and population-level consequences on the invasion process, agent-based
modeling may therefore reveal its potential as a powerful pedagogical approach to
change behaviors across large populations, a long lasting issue in pest management
outreach programs worldwide (Feder et al. 2004). While we have no evidence of
the benefits of our sessions in the adoption/changes of IPM practices, farmers re-
vealed themselves more predisposed to understand and realize the importance of the
cooperative basis of IPM and therefore disseminate to their peers IPM information
they acquired. This suggests that more than being a support for teaching IPM, role-
playing games served as a support for discussion between farmers facing the same
problems but with different perceptions (Meulen et al. 1996). Moreover, the theo-
retical landscape can be perceived as a unique tool for virtual experiments (Macy
and Willer 2002; Grimm et al. 2005), especially relevant in the case of agriculture
and IPM, where adoption is conditioned by trialability (Peshin et al. 2009). In this
context, any farmer can evaluate the consequences of his/her collaboration, enhanc-
ing collaboration of others (Fowler and Christakis 2010). Because ABM telescopes
the time of training sessions and expands the discussion at a landscape level, with
a minimal time cost for participants they may represent a useful complement to
farmer field school extension events. At a broader scale, this study exemplifies how
a computer simulation model can be used for teaching purposes and may represent
a promising complement to existing IPM diffusion programs. More broadly, our
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experience with ABM for IPM issues suggests that new approaches in pest manage-
ment extension practices should include topics such as group decision making, in-
tergroup relations, commitment, and persuasion which deal directly with how other
farmers influence each other’s thoughts and actions. In this context, understanding
to what extent ABM-based farmer thinking and discussion could be used more di-
rectly to support increasing adoption remains a promising area of research to assess
how ABM may help strengthen food security in small-scale farmer communities.
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