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Preamble 

Improvements in the potato production system can be a pathway out of poverty in 
Ethiopia and Sub-Saharan Africa at large. It is a very important smallholder farmer crop, 
with a short cropping cycle, a potential for high yield per hectare, and serving both as a 
cash and food security crop (Hirpa et al., 2015; Kolech et al., 2015; Bymolt, 2014; Scott et 
al., 2013; Thiele et al., 2010). Diseases such as late blight and bacterial wilt are seriously 
undermining potato productivity, leading to a large gap between attainable and actual 
yield (Forbes, 2012). Potato farmers are suffering from recurrent outbreaks of late blight 
and persistent prevalence of bacterial wilt (Scott et al., 2013) making them the two most 
important diseases for potato growing farmers in tropical and subtropical regions, and in 
some warm temperate regions of the world. (Charkowsk et al., 2020; Olanya, 2001). Like 
many places in the developing world where these diseases occur, potato growing areas 
in Ethiopia are characterized by poverty and food insecurity (Bararyenya et al., 2018; Scott 
et al., 2013; Forbes, 2012). Poor disease management practices (including phytosanitation 
and cultural practices), limited access to technologies (e.g. resistant varieties, fungicides), 
poorly-organized seed systems and a fairly weak public extension system are among the 
most commonly stated factors contributing to the continued problem of late blight and 
bacterial wilt in Ethiopia (Kolech et al., 2015; Bymolt 2014; Hirpa et al., 2010; Gildemacher 
et al., 2009).  
	 To find a sustainable solution to the problem of late blight and bacterial wilt, diverse 
governmental and non-governmental research and development initiatives promoted 
different management strategies (Abdurahman et al., 2017; Kassa, 2016; Gorfu et al., 2012; 
Mekonen et al., 2011). A detailed account of the different research, policy and practice 
related efforts for managing the diseases is described in the introduction sections of 
Chapter 2 and Chapter 3 of this thesis. 
	 This Ph.D. study is part of this continued effort in the research frontier that aims to 
broaden the understanding of the problem situation, and the investigation of alternative 
management strategies for the diseases (Abdurahman et al., 2017; Kassa, 2016; Kassa and 
Eshetu, 2008; Kuarabachew et al., 2007; Lemaga et al., 2005). It is a specific case study 
in the broader EVOCA (Responsible Life-Science Innovations For Development In The Digital 
Age: Environmental Virtual Observatories for Connective Action) research program that seeks 
to leverage life-science knowledge, digital technologies, citizen science and responsible 
innovation to deal with crop, water, livestock and disease management challenges in 
Africa (Cieslik et al., 2018). Positioned in the crop disease management component of 
the program, this study set out to understand the problem of late blight and bacterial 
wilt with a social-technical lens, and to explore the roles that different social-technical 
interventions play in the management of crop diseases, particularly late blight. Within this 
broader objective, the study also examines prospects for digital technologies as enablers 
of social-technical practices in the management of the diseases. 
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Problem description

The management of crop diseases has been the center of research attention in different 
disciplines and research fields. The three subsections under this problem description 
review three dominant research domains that shape perspectives in the problematization 
of crop diseases such as late blight and bacterial wilt, and their management. Knowledge 
gaps within the different domains are highlighted and used to situate the research topics 
addressed in the different chapters of the thesis.

A technology perspective to crop disease management   
Various crop protection and extension literatures emphasize the fact that causal agents 
of many crop diseases, including Phytophthora infestans, causing late blight, and Ralstonia 
solanacearum, causing bacterial wilt, spread from plant to plant (e.g. Burke, 2017; Yuliar 
et al., 2015; Kirk and Wharton, 2014; Miller et al., 2006). This literature domain dwells on 
rich information on a wide range of biophysical information about crop diseases, such 
as disease development, symptoms, and spreading mechanisms to promote technical/
technological management solutions (Cooke et al., 2011; Vasse et al., 2005; Erwin and 
Ribeiro, 1996; Hayward, 1991). The problem of crop disease is understood from the classical 
notion of the ‘disease triangle’ whereby the disease is mainly explained as an outcome of 
intricate interactions between a pathogen, a host and the abiotic environment. The role 
of farmers is regarded as the application of proposed farm-level technical management 
methods (e.g. cultural methods like the spraying of chemicals, host resistance) that modify 
one or more of these interactions to make it (un)suitable for disease development (Yuliar 
et al., 2015; Champoiseau et al., 2010; Oor, 2003)    
	 Approaches to crop disease management are, therefore, mainly geared towards the 
adoption or use of different types of technologies or a combination of technologies or 
technical management practices that can assist farmers in keeping their individual plots 
free from diseases (Devaux et al., 2014; Kromann et al., 2014; Parsa et al., 2014). The main 
goal is to develop promising disease management technologies and promoting their 
adoption with a general expectation that if everyone implements the recommended 
management practice(s), then everyone can manage the diseases (Carisse and McNealis, 
2019; Forbes, 2012). Insufficient training and technical support to farmers and, hence, 
low farmer capacity to understand and manage crop diseases are regarded as the major 
obstacles to the adoption or effective use of recommended crop disease management 
practices (Bymolt, 2014; Devaux et al., 2014; Forbes, 2012; Andrade-Piedra et al., 2009).  
	 A major weakness in this domain is a failure to appreciate crop disease management 
as a social-technical phenomenon that goes beyond isolated technological practices of 
individual farmers (Oscar et al., 2019; Van de Fliert et al., 2003; Campilan, 2002). In this 
regard, there exists a clear lack of perspective on the interdependent and collective nature 
of crop disease management and this body of literature provides little insight into the 
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relevant social and organizational (re)configurations that might be required to collectively 
combat crop diseases. 

A collaborative and collective action perspective to crop disease management   
Numerous studies approached the crop disease management problem as a collaborative 
and collective action problem (e.g. Bagavathiannan et al., 2019; Oscar et al., 2019; 
Pacilly et al., 2018, 2016; Rodenburg et al., 2015; van de Fliert et al., 2007; Campilan, 
2002). Many of these studies are inspired by perspectives on collaboration problems 
in the management of natural resources either by interdependent individuals or by a 
group of responsible actors (McDougall et al., 2013; Pahl-Wostl 2009; Kellert et al., 2000; 
Maarleveld and Dangbegnon 1999). The basic tenet is that managing crop diseases as 
shared problems requires a change in practices in the technical and the social sphere. 
On the one hand, relevant technical knowledge on the biophysical/epidemiological 
nature of diseases and on available management options is key in informing technical 
management practices (Van de Fliert et al., 2002; Nelson et al., 2001). On the other hand, 
the management of shared problems requires a re-ordering in social organizations that 
shape and modify social practices (Bagavathiannan et al., 2019; Pacilly et al., 2016). Such 
change in relevant technical knowledge and forms of social organization is expected to 
be fostered by participatory learning approaches such as social learning, farmer field 
schools, and Community IPM (Integrated Pest Management) programs (Van de Fliert et 
al., 2007, 2002; van de Fliert et al., 2002, Campilan, 2002; Olanya et al., 2010; Nelson et 
al., 2001). What appears to be shared by the different learning perspectives in this crop 
disease management literature domain is that it does not seek to explain how or why 
learning occurs, especially in regard to issues of relations, conflict or negotiation. There 
are usually predefined learning outcomes and what is learned or not learned is evaluated 
or studied against those outcomes (e.g. Oscar, 2019; Pacilly et al., 2018; Van de Fliert et al., 
2002; Van de Fliert et al., 1997). Knowledge acquisition and forging new forms of social 
relations is rarely studied as a dynamic and evolving process towards change in (collective) 
practices. Consequently, the litrature largely fails to give important insights into salient 
learning processes of knowledge sharing, negotiation of agreements, conflict resolution 
or convergence of goals (Bentley et al., 2018; Beers et al., 2016; Leeuwis and Pyburn, 2002) 
that trigger change in technical and social disease management practices of people. 
Following Reeds et al., (2010) and others, this thesis deems that tracking or studying 
processes through which social learning occurs is key not only to understand how people 
learn in a particular context but also to continuously adapt learning processes towards 
collective action in the management of crop diseases (Van Mierlo and Beers, 2018; Beers 
et al., 2016; Pahl-Wostl et al., 2007).  
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A public bad perspective to crop disease management 
A ‘public bad’ management perspective to crop disease management emanates from 
framing a crop disease as one among the many types of public bads such as infectious 
and invasive species, microbial resistance to antimicrobial agents, global warming and 
air pollution (Costello et al., 2017, Reeves et al., 2017; Bell et al., 2016; Milinski et al., 
2008). Highlighting biophysical and/or ecological features of crop diseases, crop disease 
management is regarded as the management of a public bad whereby individuals face 
the dilemma of contributing to collective management or free-ride on the management 
efforts of others (Reeves et al., 2017; Bell et al., 2016). Having its entire focus on collaboration 
deficits among interdependent individuals or communities, a central research topic in 
this domain is on understanding the role of social/behavioral information, interactive 
communication and regulatory institutions in overcoming collective action problems (Six 
et al., 2015; Zhang et al., 2014; Ostrom, 2012). In doing so, the studies discern the role 
of information from that of interactive communication which adds to the understanding 
on when and how a particular type of information or communication could facilitate or 
hinder collective action in a particular context (Opdam et al., 2016; Poteete and Ostrom, 
2012).  
	 It is argued that collective action problems can be effectively managed if 
interdependent community members are able to install and maintain information flows, 
peer-to-peer monitoring and open communication channels (Leeuwis et al., 2018; Smith, 
2010, Ostrom 1998). In this regard, there exists a large and growing body of literature that 
assesses the effect of peer-to-peer monitoring and interactive communication among 
community members in overcoming collective action problems (Cabrales et al., 2016; 
Reuben and Riedl, 2013; Smith, 2010; Milinski et al., 2008). 
	 What appears to receive very scant attention is the role of technical information, such 
as information on interdependency resulting from the biophysical features of diseases, 
in dealing with collective action problems. Moreover, plausible explanations for the 
underlying mechanisms affecting how different types of information and communication 
practices influence collective action performance are largely missing. As much as there 
is widespread agreement that information and/or communication influence(s) collective 
action, there is little insight as to how it does this (Poteete and Ostrom, 2008; Cardinas and 
Ostrom, 2004).

Central research question  

Given the critique on the technology-oriented perspective, this thesis first aims to 
broaden the understanding of the problem of late blight and bacterial wilt with a social-
technical lens. Likewise, informed by the knowledge gaps on learning processes and on 
approaches to information and communication practices in the collective management 
of crop diseases, the thesis also investigates how and to what extent different types of 
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learning and communicative interventions contribute to the collective management of 
crop diseases with particular emphasis on late blight. In this way, late blight is used as a 
case to draw lessons relevant for the management of the disease but also relevant to crop 
disease management as a collective action problem in general.   

Hence, the main research question addressed is:

What are the key technical and social-institutional problem dimensions in the management 
of potato late blight and bacterial wilt in Ethiopia, and how does a confluence of social 
learning, information and communication practices contribute to collective action in the 
management of late blight?

Specific research questions:

1.	 How do actors’ view the technical and social-institutional problem features of late 
blight and bacterial wilt and with what implication to the management of the 
diseases? 

2.	 What is the role of farmers’ knowledge and associated practices in the management 
of the late blight and bacterial wilt?

3.	 How does social learning contribute to farmers’ collective action in the management 
of late blight?  

4.	 How and to what extent do different types of communicative intervention influence 
farmers’ collective action in the management of late blight? 

Key concepts framing the thesis

Section 1.4.1. introduces concepts used to frame the first two specific research questions 
or the diagnostic phase of the main research question. Section 1.4.2. covers concepts 
employed for the third and fourth specific research questions or the intervention phase of 
the main research question. 
  
Diagnosis phase: understanding key technical and social-institutional problem di-
mensions
In the diagnosis phase, two types of studies were conducted that explored (1) broader 
technological and socio-institutional problems in the management of the diseases at a 
systemic level, and (2) the knowledge and (collective) practices of farmers regarding the 
management of the diseases. In this respect, an understanding of the broader systemic 
constraint is complimented by a further study on the knowledge and practices of farmers 
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that paved the way for the ‘intervention’ phase of the research. Conceptual perspectives 
from systems thinking, knowledge and human practices are employed in this diagnostic 
phase.   

Systems thinking
Perspectives from systems thinking are used to unravel the wider technical and institutional 
problem dimensions of late blight and bacterial wilt management (Research question 1). 
The technical dimension relates to technical practices in disease diagnosis and in disease 
management techniques (Pernezny et al., 2016; Van der Plank, 2013). The institutional 
dimension falls into formal institutions or informal institutions that shape interactions 
in the system (Krueger and Gibbs, 2010; Checkland, 2002; Röling and Leeuwis, 2001). 
Anchoring on different technical and institutional problem dimensions, a soft systems lens 
is used to understand how actors involved in the management of crop disease view the 
problems and respond to those perceived problems. According to Senge (2006), this can 
be assessed from the way a problem situation and a response to it is explained by people. 
The explanation can be a reactive one based on events that usually lead to practicing 
superficial or symptomatic solutions. It can also be a generative one based on root causes 
of problems that helps identifying and applying fundamental or long term solutions. This 
perspective guided the analysis of the key technical and institutional problem dimensions 
of late blight and bacterial wilt in light of actors’ views and responses to the problem 
situation. 

Knowledge and practice
Different epidemiological and management aspects of late blight and bacterial wilt 
are linked to different but complementary types of knowledge to investigate farmers’ 
knowledge and practices about the diseases (Research question 2). Following the seminal 
work of Lundvall and Johnson (1994) on the constitution of useful knowledge in learning 
economies, this study embraces the distinction between four different kinds of knowledge. 
Know-what refers to knowledge about ‘facts’. Know-why is about scientific knowledge of 
principles and laws on how things operate in nature or in society. Know-how refers to skills 
or the capability to do something. Know-who covers a mix of different kinds of (social) 
skills and information about who knows what including the formation of special social 
relationships. It is also contended that relevant knowledge shapes disease management 
only if it is integrated into farmers’ daily practices. 
	 Practices are approached as patterns of human action that are defined or shaped by 
factors such as perception about ones’ competence, views about consequences of actions, 
goals or aspirations and beliefs about the expectations of others (Shove et al., 2012; 
Leeuwis, 2004). It is emphasized that knowledge needs to be meaningful in a particular 
context to be translated into daily practice. Such a perspective on practice shaped the 
investigation on how different late blight and bacterial wilt management practices of 
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farmers are informed by the knowledge about them, which is suggestive of the type(s) 
of learning processes that might be required for shaping knowledge and (collective) 
practices.  
 
Intervention phase: the role of social learning, information and communication prac-
tices in collective action
Aggregating lessons from the findings of the diagnostic phase, the intervention phase 
tackled the third and fourth research questions. A process-oriented social learning 
perspective is employed to answer the third research question. Communication 
perspectives from different disciplines are integrated to address the fourth research 
question. In doing so, the study complemented the social learning study by separately 
analyzing the role of information and interactive communication which are interwoven in 
social learning processes. 

Social learning 
Collective management of crop diseases is not simply a matter of technological innovation, 
it equally requires numerous changes in the social-organizational sphere. By implication, 
disease management interventions need to be adapted not only to the technological 
context but also to the social context (Leeuwis and Pyburn 2002). Inducing these social-
technical co-evolutionary change processes entails a cyclical, interactive and iterative 
mode of learning in which the integration of knowledge production, new forms of social 
relations and action are creatively facilitated (Bentley et al. 2018; Beers et al., 2016). 
Social learning is, therefore, a process of building and sustaining capacities in technical 
knowledge (about the material/biophysical aspect of diseases), and the re-ordering of 
institutions and forms of social relations in the management of crop diseases. Drawing 
on perspectives from well-known learning traditions (Bentley et al. 2018; Reed, 2010), a 
process-oriented social learning perspective is applied to study learning processes towards 
collective action in Research question 3. Social learning is approached as a communicative 
process in which new or changed technical knowledge, social relations and suggested 
actions become aligned.  

Communication and communicative practices 
The last empirical study of the thesis (Research question 4) is informed by communication 
perspectives in agricultural/rural innovation studies (Peng et al., 2018; Leeuwis and Aarts, 
2011; Klerkx and Leeuwis, 2008; Leeuwis, 2004) and studies the management of public 
goods/bads (D’Exelle et al., 2012; Ostrom, 2012; Balliet, 2010). In earlier adoption and 
diffusion theories, communication was primarily looked at as an intermediary function 
between science and societal users (Rogers, 1995; Petty and Cacioppo 1986). The theory 
and practice of communication is mainly about the facilitation of adoption or diffusion of 
a ready-made innovation (Leeuwis and Aarts, 2011). 
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	 Together with the evolution in thinking about agricultural innovation, communication 
has a much broader intermediary role such as creating a discursive space for learning, 
negotiation, and conflict management among interdependent entities (Leeuwis and 
Aarts,  2011). This is a perspective developed and applied in a multi-actor setting and the 
case context of this study involves individuals who are interdependent on their efforts 
in managing late blight. Accordingly, the study employed a perspective from behavioral 
economics on the role of communication in arranging collective management of public 
bads. The opportunity to communicate is viewed as a mechanism that enables individuals 
to deal with their collective problem through coordinating collective strategies, to deal 
with free-riding behaviors or to develop a sense of shared norm and identity (D’Exelle et 
al., 2012; Garicano and Wu, 2012; Balliet, 2010).
	 In any type of communicative intervention, the medium of communication has a 
number of enabling or constraining functional qualities (Leeuwis 2004). ICTs (Information 
Communication Technologies), particularly, Social Media and related mobile phone 
platforms can play meaningful roles in facilitating communication among spatially and 
temporally distributed individuals (Bennet and Segerberg 2012). These perspectives on 
communication and communicative practices guided the investigation of the role of 
different types of communicative interventions on the collective management of late 
blight among interdependent farmers.     
 
Research design

The research design presents the overall strategy followed during the research journey to 
answer the different research questions as validly and accurately as possible (Kumar, 2019). 
A case study approach cuts across the different research topics of the thesis whereby 
broader inferences are made on crop disease management as a collective action problem. 
Case study is a suitable approach to explore a broad scope of complex issues, particularly 
when human behavior and social interactions are central to understanding topics of 
interest (Harrison et al., 2017). Within a case study, multiple methods of study designs, 
data collection and analysis techniques might be applied (Kumar, 2019), correspondingly, 
a mix of different study designs, data collection and analysis methods are employed 
(Table 1.1) to answer the research questions in the different chapters of the thesis. The 
next section gives an overview of the study designs used in the thesis; however, more 
details are provided in the different chapters of the thesis.  
  
Study design

Exploratory 
The diagnostic studies followed an exploratory study design. Exploratory research is 
often conducted to establish an understanding of an existing problem situation and 
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is especially useful to investigate a problem that is not clearly defined (Mohajan, 2018). 
The exploratory studies conducted in the diagnostic phase of the research were 
instrumental in gaining in-depth insight into the problem situation and informing 
the later research undertakings of this study. 

Action research
The essence of action research is the design of some form of intervention strategy 
following a good understanding of a problem in which an exploratory stance is adopted 
(Coghlan and Miller., 2014). The intervention (the ‘action’ in action research) is carried out 
while at the same time pertinent information for a research inquiry is generated in various 
forms (Reason and Bradbury, 2001). Informed by findings in the exploratory phase, a social 
learning intervention was designed and implemented among farmers. The social learning 
provided the arena whereby learning concerning the different problem dimensions of 
late blight management unfolded and was captured to answer the research inquiry. 

Experiment 
A framed field game experiment was designed to investigate the role of different 
types and combinations of communicative interventions on the collective action 
performance of farmers. A properly designed and executed experiment can provide 
strong evidence of what certain interventions actually cause or, if implemented, would 
cause (Archibald and Newhouse, 1980). Different combinations of experiential conditions 
were created around three types of communicative interventions: 1) provision of technical 
information about interdependency from the risks and benefits of individual late blight 
management practices, 2) provision of monitoring information about the management 
practice (spraying) of other farmers, and 3) opportunities for interactive communication 
among farmers. The experiment was used to measure the effect of the communicative 
interventions and to understand the mechanisms underlying their effect on farmers’ 
collective action performance.  
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Data collection 
Multiple data collection techniques are employed in the thesis to generate qualitative 
information and quantitative data. More details on the different data collection methods 
are presented in the different chapters of the thesis. 

Multi-stakeholder workshop
During the first diagnostic phase, a multi-stakeholder workshop was organized to 
jointly explore, prioritize and categorize a range of technical and socio-institutional 
problems in the management of crop diseases in general and that of late blight and 
bacterial wilt in particular. A problem diagnostic method, Rapid Appraisal of Agricultural 
Innovation System (RAAIS), was adopted to systematically identify and sort the different 
problem dimensions (Schuts et al., 2015). Different stakeholders that are involved in the 
management of crop diseases and that are found at national, regional and district levels 
took part in the workshop.   

In-depth interviews
In-depth interviews were important data generation techniques for Chapter 
2, Chapter 3 and Chapter 5 of the thesis. For Chapter 2, the interviews were 
conducted with stakeholders who took part in the workshop and who 
were identified during the workshop. The interviews were used to capture more in-depth 
narratives of stakeholders around problems identified during the workshop. Similarly, for 
Chapter 3, interviews were done to triangulate and complement the findings of survey 
data that was used in the same chapter. For Chapter 5, interviews were used to generate 

Table 1.1: Overview of the study designs, data collection and analysis techniques used in the 
different empirical chapters.

Research 
phase

Research 
questions

Chapter in 
the thesis

Study design Data collection 
methods

Data analysis

Diagnostic 
phase

Research 
question 1

Chapter 2 Exploratory Multi-stakeholder 
workshop; In-depth 
interviews

Content analysis of 
stakeholders’ interviews 
along multiple problem 
dimensions

Research 
question 2

Chapter 3 Exploratory Survey; In-depth 
interviews

Cross-sectional analysis 
of farmers knowledge 
and practices

Intervention 
phase

Research 
question 3

Chapter 4 Action 
research

Participant observa-
tion; Documentation 
of facilitated group 
discussions

Discourse analysis of 
farmers’ conversations

Research 
question 4

Chapter 5 Experimental/ 
framed field 
game

In-depth interviews; 
Framed field game

Cross-sectional 
comparative analysis 
of farmers’ collective 
action performance; 
Content analysis of 
interviews and farmers’ 
conversations  
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qualitative information that was used to explain the underlying mechanisms behind 
the effect of the communicative interventions on the collective action performance of 
farmers.

Participant observation
Observation served as an important data collection technique especially during the 
action research in Chapter 4. The writer of this thesis was a participant and an observant 
whereby he, together with other experts, facilitated and animated discussions during the 
action research and learning cycle. There was a high degree of flexibility in the processes 
and rigorous documentation of participants’ communications and (inter)actions served 
as a source of data for studying the learning and change processes in the management 
of late blight.

Cross-sectional survey
To be able to answer the research questions posed in Chapter 3, a survey was conducted 
with 261 farmers. A questionnaire was administered to respondents to collect information 
about their socio-economic characteristics and their knowledge and practices concerning 
late blight and bacterial wilt management.   

Gamification 
A framed-field game was designed and used to generate data about farmers’ late blight 
management practices/decisions when exposed to the different game experimental 
conditions (communicative interventions) as examined in Chapter 5. An aggregation of 
individual decisions to spray or not to spray fungicide was used to study the effect of 
the different communicative interventions on farmers’ collective action in managing the 
disease.

Data analysis

Various data analysis techniques were employed in the different chapters of the thesis. 
Informed by the conceptual frameworks developed in the different chapters, a deductive 
content analysis technique dominates the analysis of the qualitative information in all 
empirical chapters. Nevertheless, an inductive approach to content analysis was also 
integrated in some of the chapters to identify emerging themes from the data. 
	 In Chapter 2, the information on the views and practices of actors were coded 
according to different technical and institutional thematic lines. The coded content was 
then analyzed based on the operational definitions, bringing forward what constitutes or 
does not constitute a systemic understanding. In the same vein, the theoretical framing in 
Chapter 4 on social learning as a communicative process that aligns knowledge, relations 
and actions dictated the analysis of data segments in peoples’ discourses for evidences 
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of social learning. In Chapter 5, a content analysis of farmers’ interviews and voice 
records was deductively conducted for content on different conceptual propositions 
on how interactive communication can influence collective action performance in the 
management of late blight. However, the same data was also inductively analyzed and 
emergent themes on farmers’ understanding of interdependency and adaptation of 
management decisions based on behaviors of others were presented in the chapter. A 
qualitative analysis software, Atlas.ti, was used in the systematic coding and analysis of 
the qualitative data.
	 In Chapter 3, a cross-sectional analysis was performed on farmers’ knowledge and 
practices of late blight and bacterial wilt management. Descriptive (percentage, frequency, 
mean) and inferential (Chi-square) statistics were used to make inferences on differences in 
farmers’ knowledge of and practices for the management of the diseases among different 
farmer categories and study districts. The statistical analysis was done using SPSS (Version 
22) software. Similarly, in Chapter 5, a cross-sectional comparative analysis was done 
amongst farmer groups exposed to different communicative intervention conditions. 
The analysis compared the effect of the different types of communicative intervention on 
the collective action performance of farmers in managing late blight. The comparison of 
collective action performance under the different types of communicative interventions 
was based on a regression run in STATA version 15.1 software.

Outline of the thesis

Following the four research questions, the thesis has four empirical chapters (Chapters 
2, 3, 4 and 5) and begin with a general introduction chapter (Chapter 1) and ends with a 
synthesis chapter (Chapter 6).   

As an initial exploratory phase of the wider disease management system in Ethiopia, Chapter 
2 aims to investigate actors’ understanding of the problem of late blight and bacterial wilt 
management along several technical and socio-institutional problem dimensions and its 
implication for the management of the diseases at a collective level. The chapter provides 
useful insights into several interrelated technical and institutional problems, overlooked 
by the different actors, that are contributing to the continued problem of the diseases. 
The chapter paves the way for a further investigation of the knowledge and practices of 
farmers and the exploration of a bottom-up or community focused disease management 
intervention.   

Building on findings of Chapter 2 on the existing information and knowledge sharing 
culture and issues of interdependency, Chapter 3 deepens the understanding of the 
problem situation by assessing the role of farmers’ knowledge and associated practices 
to problems in the management of late blight and bacterial wilt. The chapter explores 
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farmers’ knowledge about the diseases and how their knowledge is informing their 
(collective) disease management practices. It also suggests how fostering a simultaneous 
change in the technical and social practices of farmers through learning, monitoring, and 
institutional mechanisms could contribute to the collective management of the diseases.  

In view of findings in Chapter 2 and Chapter 3, and taking late blight as a case, Chapter 
4 demonstrates social learning as a communication process in which new knowledge, 
relations and suggested actions become aligned and contribute to collective action in 
the management of the disease. By taking a process-oriented perspective to learning, 
the chapter highlights how social learning contributes to collective agreements and 
implementation of new management practices and also the emergence of regulatory 
institutions. 
	 Chapter 5 takes a broader perspective on communicative practices that discern 
the role of information provision from that of interactive communication. The chapter 
demonstrates how and to what extent the provision of different types of information 
and creating opportunities for interactive communication affect the collective action 
performance of farmers in the management of late blight.  

Chapter 6 summarizes the key findings of the research questions addressed in the four 
empirical chapters and discusses cross-cutting or overarching themes featured in the 
different chapters of the thesis. The chapter finally makes recommendations for policy, 
practice and future research.
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Chapter 2

Diagnosis of management of 
bacterial wilt and late blight in 

potato in Ethiopia: 
A systems thinking perspective1



Potato is one of the most important food crops for smallholder farmers in the 

Ethiopian highlands. Diseases, particularly bacterial wilt (caused by Ralstonia 

solanacearum) and late blight (caused by Phytophthora infestans), are among 

the major constraints of potato production, despite continuous efforts to control 

them. Bacterial wilt and late blight are complex problems with multiple technical 

and institutional features, involving multiple actors with different perceptions and 

understanding, not only of the problem but also of possible solutions. Appreciating 

such complexity, this study adopted a systems thinking perspective. It aimed to 

explore actors’ understanding of the complex problem situation and its implication 

for the management of the diseases at a collective level. Using a multi-stakeholder 

workshop and in-depth interviews, a qualitative study was conducted with actors 

that are directly or indirectly involved in the management of the two diseases. 

Results showed that actors essentially overlooked key systemic problems in the 

management of the two diseases. This is mainly reflected in actors’ tendency to give 

event-level responses, shift responsibilities and engage in a mutual blaming to the 

problem of bacterial wilt and late blight. Lack of a preventive disease management 

culture, limited recognition of interdependencies among activities of actors, power 

inequalities, and top-down and linear approaches in information and knowledge 

sharing are identified as key structural problems that are underrated by the actors. 

We contend that the most appropriate way forward towards the management of 

both diseases is designing and implementing management strategies that, on 

the one hand, are preventive of disease epidemics, and on the other hand, foster 

horizontal information sharing, learning and collective action among the local 

actors in the system. Digital platforms, particularly mobile-based technologies, can 

play a role in catalyzing new forms of information sharing, broader learning, and 

collaboration among farmers and local actors.

Keywords: 

bacterial wilt, late blight, systems thinking, complex problems, disease management
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Introduction

Potato is the fastest growing food crop in Sub-Saharan Africa with a substantial increase 
in total production in recent years. There is a similar trend in Ethiopia: the total area of 
land cropped with potato has considerably expanded from about 62,000 ha to 296,000 ha 
resulting in an increase in total yearly production from 500,000 Mg to about 3,700,000 Mg 
in 10 years (CSA, 2006; CSA, 2016).  As the Ethiopian population grows rapidly, potato offers 
opportunities as one of the main food security crops (Haverkort et al., 2012). However, 
despite the increasing importance of potato production in Ethiopia, its productivity 
remains low with an average yield around 12.3 Mg/ha, an amount very low compared to 
the attainable yield of up to 50 Mg/ha under improved farmer management conditions 
using improved varieties (CSA, 2016; Baye and Gebremedhin, 2012). A number of studies 
(Tsedaley, 2014; Haverkort et al., 2012; Gorfu et al., 2012; Kassa, 2012) identified disease 
pressure, particularly bacterial wilt and late blight1, as the most important production 
constraint and the number one priority for farmers in the management of their potato crop. 
Bacterial wilt has spread geographically from few potato growing areas in the lowlands 
and medium altitudes to almost all potato growing areas since it was first reported in 
Ethiopia in 1956. Bacterial wilt is categorized as seed, soil, and waterborne. Because host 
resistance to bacterial wilt is limited, it is very difficult to control Kirk and Wharton, 2014; 
Burke, 2017). Late blight is known to occur throughout the major potato production 
areas in the country (Stewart, 1956; Gorfu et al., 2012; Mekonen et al., 2011). Late blight is 
primarily air-borne whereby the pathogen is carried over by wind currents or rain splashes 
to other plants/fields, but it is also seed-borne and soil-borne.. Although there are two 
growing seasons (Belg and Meher) in most potato growing areas in the country, potato 
is mainly grown in the short rainy season (Belg) that falls between February and May. A 
high disease pressure in the long rainy season is the main reason why Belg production is 
dominant, despite a high yield potential of the long rainy season (Haverkort et al., 2012; 
Garuma et al., 2012; Bekele and Eshetu, 2008).   
	 Cognizant of the situation, a number of previous and on-going research and 
development efforts have been made by different governmental and non-governmental 
organizations to deal with the problem of late blight. The National Potato Improvement 
Program within the Ethiopian Institute of Agricultural Research (EIAR), together with 
the International Potato Center (CIP), several regional research Institutes and Ethiopian 
universities, has worked over the last three decades to develop potato varieties with 
resistance to late blight (Baye and Gebremedhin, 2012; Mekonen et al., 2011). On the 
other hand, bacterial wilt management has not received much attention (Gorfu et al., 
2012), although there has been some research effort on areas of race characterization,  

1	  We couldn’t find studies that tried to quantify total yield loss resulting from bacterial 
wilt or late blight disease in Ethiopia.
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and screening of cultural and biological control methods (Abdurahman et al., 2017; Kassa, 
2016; Kuarabachew et al., 2007; Lemaga et al., 2005). As part of a wider government-led 
‘Quality Declared Seed’ program, there are recent attempts to manage bacterial wilt 
through a combination of technical and institutional arrangements (MoANR, 2013; Thiele 
et al., 2011). Despite these efforts, the overall success to date has been limited and both 
diseases still continue to be major challenges in potato production in the country. 
	 Previous research on potato disease management in general, and management of 
bacterial wilt and late blight in particular, is notably dominated by technical aspects of 
the diseases. Most technical research areas covered a range of aspects, from pathogen 
distribution and genetic diversity to disease management practices such as host 
resistance, clean seed, chemical control and agronomic practices (Tsedaley, 2014; Kassa, 
2012; Mekonen et al., 2011; Bekele et al., 2012; Lemessa and Zeller, 2007; Kassa and Beyene, 
2001). Only few studies tried to take a wider perspective at farmers’ level (MoANR, 2013; 
Gorfu et al., 2012) or at system level (Tadesse et al., 2017a,b; Gildemacher et al., 2009) to 
assess what formal or informal institutions exist and how the institutions operate in potato 
disease management in general, and bacterial wilt and late blight in particular. However, 
there is a very little attempt made to understand structural problems that give deeper 
insights on why such institutions (both formal and informal) or actors in it are operating 
the way they do and what that means to the management of late blight and bacterial wilt.
	 Plant disease results from complex interactions among biotic and abiotic factors 
including hosts, pathogens and environments, and farm level human activities that 
intentionally or unintentionally modify these interactions (Burdon et al., 2014; Franc, 1998). 
A good understanding of the disease cycle, including climatic and other environmental 
factors that influence the cycle, and cultural requirements of the host plant, are essential 
to design or implement an effective disease management strategy (Trabucco et al., 2013). 
Likewise, successful disease diagnosis or management approaches require networks of 
actors from the government, scientific institutions and local organizations which help to 
integrate surveillance and monitoring activities on the different dynamics of the disease 
(Kelly et al., 2017; Mazet et al., 2014). For instance, the risk of late blight can be reduced 
if growers communicate with relevant parties, such as neighbors, buyers, and extension 
workers when late blight infects their farms. Such practice can be realized when the 
different actors, who are supposed to have a vested interest in the management of the 
bacterial wilt and late blight, find a way to network and coordinate their efforts (Liao et al., 
2016). This is in line with the notion of ‘connective action’ which is described as a new way 
of organizing collective action networks (Bennett and Segerberg, 2012). In this regard, 
various forms of ICTs (Information and Communication Technologies) may catalyze 
new forms of network formation, information exchange and learning that are relevant 
to address coordination problems (Kelly et al., 2017; Bennett and Segerberg, 2012). ICTs 
can play a role in facilitating real-time monitoring, cross-level and cross-scale information 
sharing, engagement and interaction between individuals, organizations, and agencies at 
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multiple governance levels (Karpouzoglou et al., 2016). However, as highlighted in different 
strands of literature, catalyzing new forms of collective action transcends the discussion 
on the potential of various technology platforms and requires the articulation of the role 
of social, institutional or political landscapes which are crucial in formulating collective 
action frames (Bennett and Segerberg, 2012; Karpouzoglou et al., 2016; Chapman and 
Slaymaker, 2002)..
	 In our problem context, there are different actors like farmers, researchers, 
government decision makers, NGOs, crop inspectors, business owners, and information 
providers who are expected to have different understanding or perceptions regarding the 
problem situation and the potential solutions to their perceived problem situation. Such 
different understanding and perceptions about the problem situation and the potential 
solutions are expected to shape the behavior of different actors towards organizing their 
actions in the management of the two diseases Maloy, 2005; Leeuwis and Aarts, 2011; 
Jørgensen et al., 2009; Aarts and van Woerkum, 2005; Checkland, 2000). As highlighted in 
Cieslik et al., [2018] collective action problems are further deepened by power imbalances 
and imperfect or asymmetric information. This warrants the need for a nuanced look at 
existing perceptions, views and practices that in one way or another play a role in shaping 
collective action in the management of the two diseases. A good understanding of this 
complexity is, therefore, a critical step to unravel whether and how ICT enabled collective 
action can play a role in the management of bacterial wilt and late blight. 
	 In the context of disease management, traditional silo approaches (segmenting a 
complex whole) usually serve as barriers to understand underlying problems that emerge 
out of complex interactions (Mazet et al., 2014). In this regard, ‘soft systems thinking’, 
provides a framework for a holistic appreciation of complex problem situations by eluding 
fractionalization of problems into pieces. Moreover, the soft systems perspective provides 
enough emphasis to fluid and intangible social aspects that are known to slip under 
the radar of ‘hard systems thinking’ approach (Checkland, 2000; Senge, 2006). We posit 
that actors involved in the management of bacterial wilt and late blight need to have 
an understanding of systemic problems to be able to collectively design and implement 
effective management strategies. We define ‘systems thinking’ as actors’ understanding of 
the systemic structure or underlying patterns of behavior in a complex problem situation 
of bacterial wilt and late blight management. Although there are technical and socio-
ecological differences between the two diseases, at systemic level problems of both 
diseases share more or less similar organizational actors and institutional context. Owing 
to this, our study mainly takes into account differences that are believed to influence 
how the different actors understand the problem situation in the management of the 
two diseases. Adapting concepts from soft systems thinking, this article will answer the 
following three research questions: 1) To what extent and how do actors understand the 
systemic structure in the complex problem of management of bacterial wilt and late blight? 
2) How does their understanding of the systemic structure facilitate or hinder collective 
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action in the management of bacterial wilt and late blight? and 3) What opportunities 
exist for ICTs in overcoming collective action problems?
 	 The research was conducted in Ethiopia and specifically addressed farmers in Wolmera 
and Gumar districts. Data were collected in a multi-stakeholder workshop and through 
in-depth interviews with direct and indirect actors2. The interviews generated qualitative 
information about actors’ understanding of the problem situation in relation to our area 
of inquiry outlined in the research questions.
	 The article is structured as follows. The next section presents our conceptual 
framework by first briefly addressing ‘systems’ and the prominent distinctions in ‘systems 
thinking’ at a theoretical level. The subsequent section then explains the methodology 
that was used to collect and analyze the data. This is followed by the results section and 
the discussion section. The article ends with presenting the main conclusions.

Conceptual framework 

Unlike the hard tradition which presumes that the world contains ‘systems’ which can 
be engineered, the soft tradition assumes a ‘system’ to be a fluid social world, one which 
persists and changes (Checkland, 2000; Vickers, 2013). In this regard, systems or ‘human 
activity systems’ do not pretend to be models of the world with predefined elements 
but mainly a set of interlinked activities that embody a particular purpose or a specific 
stated way of viewing the world (Checkland, 2000; Mingers, 1980). Appreciating such 
system construct, Senge (2006) defines ‘systems thinking’ as a mental model for seeing 
the structures that underlie complex situations and for selecting high from low leverage 
change. Thinking in systems is about reframing how people think about what they view 
as a problem in the first place, and what solutions might look like (Cabrera et al., 2008). 
Checkland (2000) refers this framing of a complex problem situation as a perspective of a 
reality or ‘a world-view’.
	 Conceptual literature in the field of plant disease management emphasizes two 
key elements when discussing disease management. One is the use of systematic 
approaches to diagnose diseases and monitor risk levels. The second one is selection and 
implementation of short-term or long-term disease management strategies (Pernezny 
et al., 2016; Van der Plank, 2013; Apple, 1977). Taking these elements as major activities 
in disease management, we consider bacterial wilt and late blight management as a 
complex ‘human activity system’ that involves a range of interlinked activities. However, as 
highlighted in the introduction, complex problem situations involving human affairs are 
not straightforward and cannot be fully defined in technical terms. Understanding of the  

2	 Those actors with first-hand involvement in the potato disease management are 
labelled as direct actors. Actors which do not directly work in the sector but obliquely 
influence the wider context are categorised as indirect actors.
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wider institutional context is equally important (Checkland, 2000; Midgley, 2003). In soft 
systems thinking, institutions are not just simple administrative and political organizations, 
but also are the rules, norms or perceptions which structure and are structured by people’s 
practices and their areas of social endeavor (Krueger and Gibbs, 2010; Röling and Leeuwis, 
2001a). These institutions, therefore, can be ‘formal institutions’ which are consciously 
designed and clearly specified as in the form of written laws, rules or regulations, within 
which different social entities or actors operate, or, can be ‘informal institutions’ such as 
political culture, unwritten customs, norms or perception which informally shape the 
way ‘business is done’ by different actors (Krueger and Gibbs, 2010; Smith, 1997). This 
perspective framed our approach to a complex problem situation whereby different 
thematic lines through the lenses of ‘technical’ and ‘institutional’ problem dimensions are 
used to analyze actors’ understanding of systemic structure in the problem of bacterial wilt 
and late blight management. Our conceptualization of systems thinking that is employed 
to discuss the thematic lines is elaborated in the next paragraph. 
	 In complex and dynamic human systems, Senge (2006) positions systems thinking as 
a conceptual cornerstone and a fundamental discipline that frames how actors (‘learning 
organizations’ as he calls them) understand a complex problem situation and in turn 
respond to it. Systems thinking is about actors’ understanding of systemic structure that 
defines a system’s pattern of behavior to create the conditions for events to become likely. 
It entails going beyond individual mistakes, personalities, organizations or snapshots 
of events to see underlying patterns in the system. Seeing major interrelationships 
underlying a problem situation leads to new insights into what might be done to change 
the pattern of behavior which in turn can change events. Based on this notion, one way 
of investigating if people see systemic structure or underlying patterns is to look into the 
way situations are explained by them. In this respect, the explanation can be a reactive 
one based on events that usually leads to practicing superficial or symptomatic solutions 
(‘shifting the burden’ as Senge (2006) calls it) that may only improve events temporarily 
but leave the underlying problem unaddressed or even worsened. The other type of 
explanation, not common but very powerful, is a generative one based on  systemic 
structure or root causes to a complex problem situation which helps in identifying and 
applying fundamental solutions to a problem situation. Having such systemic orientation 
also reduces the tendency of actors to victimize or blame a particular group or organization 
as a cause of a problem situation (Senge, 2006). Such perspective guided our analysis of 
actors’ understanding of systemic structure in the complex problem situation of bacterial 
wilt and late blight management.
	 To clearly discern what is and is not an evidence of “systemic structure understanding”, 
we made an extension of the concept by defining different instances for two types of 
explanations and associated practices (systemic structure vs event level) discussed in the 
conceptual framework. This is addressed in Table 1.
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 Materials and methods

Study context and actors involved
The study was conducted based on data generated from different actors that are involved 
in the management of potato bacterial wilt and late blight in Ethiopia. CIP (International 
Potato Center) researchers and secondary literature were consulted to decide on 
participating actors, both in a workshop and in in-depth interviews that were employed to 
collect our data (Haverkort et al., 2012; Gildemacher et al., 2009; Hirpa et al., 2010). Based 
on this, seven categories of actors were included in the study: Government actors, Non-
government actors, FBOs (Farmer-based organizations), Research and Training Institutes, 
Farmers, ICT-based agricultural information providers and Private sector actors. Based on 
the information from the workshop, the government (Ministry, Regional, Zonal, District 
and Kebele agriculture offices) plays an important role in agricultural policy and strategy 
formulation, public extension service provision. They also work, almost single-handedly, 
in agricultural inputs and outputs quality control and certification, and in input and 
output market through farmer cooperatives and unions. Research and training institutes 
are mainly involved in the development, adaptation, demonstration, and popularization 
of agricultural technologies and in training of subject matter specialists. They also have 
a role in pest/disease inspection of imported potato germplasms or samples collected 
from potato fields and in providing technical advice in the development of strategies in 
input use, disease diagnosis, and management. Actors that are involved in the provision 
of agricultural information use different platforms (mobile-based interactive voice 
response; community radio and videos) to reach out to their target communities. Only 
ATA (Agricultural Transformation Agency) provides information on potato agronomy and 
disease management through its mobile-based interactive voice response (IVR) system in 
pilot districts, not including our study districts. NGOs are involved in training and capacity 

Table 1: Event-level and structural explanations and actions.

1.	 Event-level explanations and actions 2.	 Structural explanations and actions

a.	 If actors talk about personal, organizational or 
event related problems when explaining the 
different aspects of the problem situation framed 
as technical and institutional

a.	 If actors talk about long-term patterns and inter-
actions among different activities when explai-
ning different aspects of the problem situation 
framed as technical and institutional 

b.	 If actors explain or practice solutions that are 
targeted at fixing personal, organizational, 
event-level problems

b.	 If actors see interdependency between their 
activities or engage in concerted action to deal 
with perceived problems 

c.	 If actors take assumption of an ‘external cause’ to 
a problem or blame others for a problem situati-
on

c.	 If actors see their actions affect the behavior of 
other actors to create the problem situation they 
discuss 

d.	 If actors mainly focus on their own decisions or 
dwell on their own judgment about ‘actions to 
improve’ a problem situation

d.	 If actors talk about the need for accommodations 
of different perspectives and interest of actors 
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development, agricultural inputs service, market linkages and extension services. FBOs, 
with strong monitoring from the government, principally work in seed potato production 
and agricultural input-output markets. The cooperatives have management committees, 
which are usually composed of model farmers, to monitor potato disease problems 
among others. Due to the active involvement of the government in input and output 
markets mainly through farmer cooperatives, the private sector was found to have quite 
limited engagement, at least in relation to activities relevant to the management of the 
two diseases. This is evident in Table 2 where it shows that it was only possible to include 
a single private sector actor both in the workshop and interviews. Administratively, the 
actors are distributed from the national (federal) level to ‘Kebele’ level, the smallest formal 
administrative unit, and are situated in the capital and regional cities and in zonal and 
district towns in different parts of the country.

As one actor category, individual farmers were included from Wolmera and Gumer districts 
which are among the major potato growing districts in the country. Wolmera is located in 
the Oromia region, at about 40 km west of Addis Ababa while Gumer is in the Gurage zone 
of the SNNP region at 220 km southwest of the capital city. Both districts are in the cool 
highlands with potato being one of the most important crops grown in a predominantly 
smallholder farming system.

Data generation methods

Multi-stakeholder workshop 
In early November 2016, a one-day multi-stakeholder workshop was organized with 21 
participants representing the above-stated actor categories. The workshop was organized 
with the objective of joint identification of systemic constraints and entry points for 
intervention in the management of late blight and bacterial wilt. A methodology from the 
Rapid Appraisal of Agricultural Innovation System (RAAIS) was adopted to systematically 
engage participants in a series of sessions to generate preliminary information on 
perceived constraints and opportunities in the management of the two diseases. 
Based on experience from RAAIS studies in different African countries the workshops 
provided a fast-track approach to have a generic understanding of the system that was 
subsequently validated and explored in more detail using the in-depth interviews (Schut 
et al., 2015). More generic but key findings emerged from the workshop session (e.g. 
linear thinking, limited recognition of interdependency and shifting responsibilities). Findings 
of the workshop were also instrumental in shaping the conceptual and methodological 
direction of the research. The workshop sessions were facilitated by the researchers and 
all workshop session presentations were audio-taped and transcribed.
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In-depth interviews

Informed by the operational definitions outlined in the conceptual framework, a set of 
discussion points were developed. Between April and June 2017, in-depth interviews 
were conducted in a dialogue-based style with 30 individuals from the different actor 
categories out of whom 27 interviewees consented and were audio recorded. The decision 
on the optimal number of interviews was based on the concept of ‘saturation’ or the point 
at which no new information or themes were observed in the interview data (Guest et al., 
2006).
	 All the interviews were conducted by the researchers with each interview taking 
one and half hours on average. During farmer interviews, district experts and extension 
workers were used as facilitators and, in some cases, as translators. As much as the formal 
interviews, informal conversations were instrumental in capturing information on issues 
that are perceived as socially or politically sensitive by the informants. Transect walks in 
farmers’ potato fields and visits to agricultural offices, cooperative unions, input market 
dealers, seed quality inspection laboratories and research facilities of research centers 
helped get a picture of the situation on the ground. Field notes and photographs were also 
taken during the visits. Secondary literature was reviewed to identify some relevant teams 
under formal and informal institutions (Seed quality control, Research and extension, 
and Information sharing culture) that were found to be relevant in our problem context 
(Haverkort et al., 2012; Gildemacher et al., 2009; Trabucco et al., 2013; Liao et al., 2016; 
Guest et al., 2006). Table 2 presents an overview of the data generation methods used with 
the various actors at the different administrative levels. 
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Data analysis 
The discussion points used for the interviews were loosely organized to allow actors to 
share their views and practices on a range of technical and institutional thematic lines 
that emanated from our conceptual framework (Disease monitoring and risk assessment, 
Disease management strategy and Politics and power relations) and that were identified 
from secondary literature (Seed quality control, Research and extension, and Information 
sharing culture). Discussion topics mainly focused on:

1.	 Actors’ perception of their roles in relation to potato disease management; 
their views about major problems in potato disease management; the solution 
they propose or the actions they take to deal with the perceived problems; the 
challenges they face in the process of implementing the solutions 

2.	 Actors’ views about the roles of other actors, the nature of their interactions and the 
challenges they encounter when working with other actors; their views on how to 
deal with such challenges 

3.	 Actors’ planning and implementation processes of different activities they execute; 
if and how they involve other actors in this process; their views and encounters on 
conflicting interests and the way they are handled 

Based on our conceptualization of actors’ understanding of a complex problem situations 
(second element of conceptual framework), views and practices of actors that were 
captured in the discussion were coded and categorized into the different technical and 
institutional thematic lines. Inferences were then taken from their utterances in light of 
the operational definitions given on what constitutes and does not constitute a systemic 
understanding. Secondary data analysis was used to support our expert interpretation of 
the results and to put it in the context of current knowledge.
  
Results
 
The Results section is presented along the following three problem dimensions: Technical 
issues, Formal institutions and Informal institutions. As indicated in the Conceptual 
framework and Methodology sections, different themes are used to discuss the findings 
under each problem dimension. Themes discussed under the technical dimension are 
‘Disease diagnosis and risk monitoring’ and ‘Disease management strategies’. Under 
formal institutions ‘Seed quality control’ and ‘Research and extension’ are two thematic 
lines discussed. ‘Political culture and power relations’ and ‘Information sharing culture’ are 
themes discussed under informal institutions. Each section specifically addresses actors’ 
understanding of the dimensions.
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Actors’ understanding of the technical problem aspects of management of bacterial 
wilt and late blight

Disease diagnosis and risk monitoring 

High-level experts in the government, research centers and NGOs felt that disease 
diagnosis or risk assessment on the incidence or epidemics of bacterial wilt or late blight 
should be principally done by government extension workers and farmers themselves. 
In this regard, most informant actors, particularly government experts and researchers, 
strongly believed that apart from resource constraints to effectively respond to the 
diseases, limited knowledge of extension workers and farmers on the symptoms, favoring 
conditions and dispersion mechanisms of the two diseases is the key problem for existing 
gaps in diagnosis and monitoring of the two diseases. When it comes to technical advice 
on late blight and bacterial wilt management farmers seem to prefer to rely on their own 
judgment. Although extension workers thought that farmers have limited knowledge on 
detecting the diseases, most interviewed farmers believed that it is not necessary to seek 
advice on detecting the two diseases. Detecting late blight was perceived as an easier task 
for the farmers that can be done without help from the extension workers. A farmer said: 
“When you see a disease symptom on your field, you just buy chemical and apply”. Farmers 
also seemed to be reluctant to seek advice on bacterial wilt3 monitoring. A farmer stated: 
“There is not much the extension workers could do for you, there is no remedy for the disease”.    
	 At the Ministry, and regional levels, crop protection experts understood their 
mandate as strategic planners and resource mobilizers in the management of different 
migratory and regular crop insects and diseases. There are other more economically 
important crop diseases that are given more attention than potato diseases. Experts gave 
a strong emphasis on insects and diseases of crops that are designated as strategic by the 
government. These are crops such as wheat, teff, maize, barley, oilseed and pulses that 
are produced in a larger amount, cover a wider geographic area or are essentially export 
commodities. Among the insects and diseases that are given high emphasis, Desert 
locust, Armyworm, rust, and maize lethal necrosis disease are the major ones. Owing to 
the focus on other crops, crop protection experts at the Ministry and regional offices said 
that they had little information on potato diseases in general and late blight and bacterial 
wilt in particular. In this regard, some opinions of district experts and extension workers 
at the study sites supported what is observed at the Ministry and regional levels. A district 
expert in Wolmera stated: “Being one of the most important crops in our district, potato 
production is highly constrained by late blight and bacterial wilt but as the crop is given little 
attention at the regional level, it is affecting our district.”

3	 Almost all extension workers and farmers find it difficult to mention symptoms or spread 

mechanisms for bacterial wilt.
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Ministry and regional experts stressed the importance of getting their personnel and 
logistics ready before seasonal insect and disease outbreak comes. Once they have the 
resources at their disposal they can coordinate their efforts with all crop protection experts 
working at different levels and go out for a campaign until the disease or pest is under 
control. Time-bound responses are given when there is a high incidence or outbreak 
of diseases. But the main challenge for the high-level experts is their limited capacity 
to timely respond to disease outbreaks. Experts complained: “we usually try to control 
outbreaks after disease or pest has already inflicted too much damage”. Farmers also seemed 
to follow the same routine whereby they responded after the incidence of diseases. This 
was highlighted by a farmer in Gumer who said: “to reduce damage, many farmers apply 
chemicals when late blight is observed.” The monitoring and gathering of information on 
disease incidence or severity levels are mainly done by the government, an activity that is 
perceived as poorly organized by experts in the Ministry and regional agricultural offices. 
Only farmers or field level government experts do the diagnosis and share the information 
with high-level experts at the Ministry and regional agricultural offices. Information on 
high incidence of late blight is shared with regional agricultural offices who are supposed 
to coordinate management responses but there is no similar practice for bacterial wilt so 
far. The contribution of the national research institute through its crop protection research 
unit is marginal due to researchers’ perceived logistical and human resource problems. 
It is worthwhile to mention that neither the extension workers nor an informant seed 
quality inspector operating in Gumer district were aware that the cooperative union has 
experts working on disease inspection, and similarly a district crop protection expert had 
no information on the existence of the seed quality inspection office.

Disease management strategies

Most farmers believed that the only available management option for late blight is 
fungicide application, which they usually apply after disease occurrence. Few farmers 
mentioned that resistant potato varieties such as Gudene and Belete are better resistant 
to late blight compared to their local varieties. But they tended to relate the importance 
of the resistant varieties rather to their contribution to increased productivity than to 
their ability to resist late blight, which was contrary to researchers’ view that the primary 
objective of releasing the varieties is for late blight resistance. Farmers seemed to be 
convinced that bacterial wilt management is beyond their capacity and that the local 
experts have failed to ‘bring them solutions’. Similarly, there was a shared view among 
government experts that management of late blight can be done with existing fungicides, 
for which they facilitate access through farmer cooperatives. Shifting potato production 
to the short rain season was also mentioned by workshop participants as another key 
strategy to deal with late blight. Interviews revealed that in Gumer about 90% of the total 
yearly potato production is produced in the short rain season where late blight stress is 



Diagnosis of management of bacterial wilt and late blight in potato in Ethiopia: A systems thinking perspective

43

2

mild. Bacterial wilt management is something that is difficult for the district experts to 
explain. Wolmera district expert articulated: “late blight can be controlled with fungicide 
but bacterial wilt is a complicated disease and is beyond our capacity, I am personally tired 
of being unresponsive to farmers’ consistent complaint”. The only ‘curative’ management 
option that extension agents advise farmers for bacterial wilt is ‘roguing’ of wilted plants, 
which farmers label as hardly effective.
	 Researchers tended to associate the problem of late blight with farmers’ limited 
access to late blight resistant varieties that have been released by the research centers. 
They also listed bacterial wilt management recommendations4 that are barely known to 
potato growers and extension workers participating in the study. A researcher shared his 
view: “our many experimental studies have proved that using resistant varieties is key to deal 
with late blight”. Researchers mentioned resistant cultivar selection process as the most 
important technical aspect of late blight management arguing that releasing a disease 
resistant variety is a lengthy and demanding process that takes as long as twelve years 
from acquiring germplasm5 to screening and performance evaluation which they thought 
is an overwhelming task. 

Actors’ understanding of the institutional problem aspect of management of bacterial 
wilt and late blight
The existence of laws, operational guidelines and procedures in ‘Seed quality control’ 
and clearly specified approaches in ‘Research and extension’ services (e.g. Participatory 
Research and Extension, non-pluralistic extension approach etc.) form the basis for 
their categorization as formal institutions. However, such formal institutions were not 
in isolation and interplay with existing informal institutions and the different technical 
problem aspects of the diseases discussed in the previous section.

Seed quality control 
For workshop participants, marginal implementation of different seed quality-related 
laws and regulations6 due to the government’s limited enforcement capacity was taken 
as a major challenge in potato disease management. Seed proclamation and legal  
framework on variety release, registration and internal quality control (Seed Proclamation 
No. 782/2013), the Seed System Development Strategy (UNDP, 2011), and the Quality 

4	 Keeping farm equipment clean, roguing out and burying of infected plants, sorting infected 

tubers, eliminating host weeds, crop rotation, using clean irrigation water are among the 

practices.

5	 CIP is a key partner in germplasm importation from countries like Peru, Kenya and Uganda.

6	 Although there is no specific organization responsible for quality control of seed potato, in the 

last few years different seed quality related laws, strategies and guidelines that apply to potato 

and other crops have been developed.
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Declared Seed program (ESA, 2015) were considered as the major ones. As can be seen 
from the documents and based on the opinion of government representatives from the 
workshop, MoANR (Ministry of Agriculture and Natural resources) consulted and worked 
with different partner organizations in developing the strategies. But there seemed to be 
a shared view among many of the workshop participants that its implementation should 
have been realized by the government seed quality control and regulatory offices at 
regional levels. In this regard, interviewed experts at the government regulatory offices 
also strongly felt that such regulations or procedures have not been effectively applied. A 
serious shortage of inspectors and logistical constraints to cover a wide geographic area 
under their mandate are among the main problems mentioned affecting their inspection 
capacity. In the QDS (Quality Declared Seed) scheme there is, at least in principle, ‘zero 
tolerance’ for bacterial wilt for seed potato growers. The inspectors assert that when a 
breach of the laws and procedures is observed, they try to take timely corrective measures 
as stipulated in the laws. The penalty ranges from giving written warnings and banning 
the sale of the seed potato to revocation of licenses. Apart from the inspection that 
the experts do, seed-producing cooperatives have farmer committees that inspect and 
supervise seed potato fields of members for disease problems. In this regard, government 
inspectors constantly blame the committees for their poor capacity, which according to 
them, has pushed all the inspection burden on them. Farmers and committee members 
criticize back inspectors for not doing a timely inspection as it is impossible for them to 
sell their seed without getting the approval of the inspectors.
	 NGOs that have active involvement in seed potato exchange are well aware of existing 
gaps in seed quality control. They explain that such problem is out of their mandate and 
that the government should have dealt with. When there is an appeal from the government 
during times of crisis, the NGOs involve in emergency seed provision programs whereby 
they buy seed potatoes from different seed potato producing cooperatives in the country 
including farmer cooperatives in the study districts. They contend that their practice is 
‘safe’ as they are buying seed from cooperatives that are government-certified, and further 
argue that the government’s priority in times of crisis is to curb emergency situations.

Research and Extension

Researchers in the workshop claimed that since the introduction of a participatory research 
approach in the national research system, their success in transferring knowledge and 
promoting agricultural technologies has relatively improved. Although in principle the 
participatory approach is meant to be implemented in close collaboration with the 
public-funded extension service and other relevant actors7, interviewed researchers felt  
 
7	 The Research, Extension and Farmer Linkage Advisory Council (REFLAC), group of stakeholders 

beyond research, extension and farmers, is meant to lead the linkage between research and 

extension but with marginal success so far [18].
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that joint engagement is still poor mainly due to the limited support they get from the 
public extension system. A researcher explained: “Extension workers are supposed to closely 
follow up the research activities especially in our absence but as the local administration 
hardly see the activities as their own, extension workers have limited awareness and show little 
interest in the research activities. In many cases, we are obliged to pay per-diems to bring the 
extension workers on board and hire guards to avoid theft from farmers in the experimental 
fields”. Another researcher added: “all the delicate research processes done on experimental 
fields is considered as a waste of time by many of the low-level experts”. District experts and 
extension workers acknowledged the weak collaboration with the research but held 
researchers’ approach responsible for the situation. According to them, they usually have 
little information on the objectives of the research activities as the researchers do not 
fully involve them in the process. A district expert contended: “It is common to see research 
experiments in our area that we have no knowledge of how it is initiated”.
	 Limited knowledge of lower level experts on crop-specific problems like bacterial wilt 
and late blight was among the pressing problems mentioned by the researchers that are 
hampering technology adoption. Another critical challenge for researchers was a scarcity 
of pathologists in the research system, a similar concern that was also raised by regional 
seed quality inspection offices. For them, universities are not giving enough attention 
to the problem. Interestingly, an interviewed plant pathology professor in a university, 
who had no knowledge of the researchers’ and the inspectors’ claim, shared a different 
view: “No university in the country trains students in pathology at the bachelor level, I see no 
need! We used to train pathologists at master’s degree level but as there is no job for them, we 
decided to shift the program to a more generic discipline in crop protection”.
	 Researchers largely see their roles as technology or knowledge generators. A researcher 
affirmed: “we have a clear mandate in the system which is generating appropriate technology”. 
Informant researchers considered the public extension8 as the weak link between their 
technologies and farmers. There are research departments with names like “Technology 
Transfer and Commercialization Directorate”, “Technology Transfer Coordination Unit”, and 
have research positions as “Technology transfer research officer”. For the researchers ‘the 
extension research’ wing in the national research system has been playing an important 
role in facilitating conditions for technology adoption by demonstrating, promoting and 
popularizing different technologies generated in the research centers. However, to their 
dismay, a recent BPR (Business Process Reengineering) reform9 in SARI (South Agricultural  
 
8	 Researchers claim that apart from knowledge gaps of extension workers in crop protection, 

spending their time in other activities, such as distribution of agricultural inputs, and collection 

of input credits and taxes from farmers, is negatively affecting their role as technology 

promotors.

9	 After recognizing the gap in ‘bridging’ research and extension, the extension research 

department is now back in the structure again.
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Research Institute) disbanded the extension research department with a narrative that 
existing role of the department is something that can be covered by the technology 
developers themselves.

Actors’ understanding of informal institutional problem aspect of management of 
bacterial wilt and late blight

Political culture and power relations

The government actors, particularly at the Ministry and regional level, expressed the belief 
that they played a key role and had a wide range of activities from policy and strategy 
formulation to resource mobilization and implementation of strategic plans. The Ministry 
of Agriculture and Natural Resources was considered by many of the actors as a focal office 
at the top of the structure with the highest authorized decision-making body. Country-
wide strategic and annual plans have been developed by different departments at the 
Ministry and regional levels to go down until it reaches the lowest administrative unit 
(Kebele)10. Decision makers and experts at the Ministry and regional levels argued that 
doing strategic planning and monitoring at the high level is instrumental to coordinate 
countrywide agricultural development activities. Some district experts also claimed 
that the centralized planning process facilitates effective communication with farmers. 
Experts at the study districts mainly talked about the benefit potato farmers would get 
if they strictly follow experts’ advice whether in the management of bacterial wilt or late 
blight or in other agricultural activities. Although many of the lower level experts reflected 
this view when it came to their downward relationship with farmers, they were also found 
to have reservations on their upward relationship with high-level experts and decision 
makers at the regional and ministry level. A seed quality inspector uttered: “the regional 
office sends us the number of hectares of seed potato field that we are supposed to inspect in 
a year. We can only send feedback if it is not workable. Sometimes they send us numbers that 
are much higher or lower than what is planted in a season”.
	 Researchers distinguished the Ministry as a powerhouse that decides on the fate 
of agriculture in which researchers have little voice. A metaphoric description of the 
situation by a researcher was: “Our research institute is a teeth-less lion, there is not much we 
can do about the problem of bacterial wilt and late blight”. The NGOs and the agricultural 
information providers also stressed the importance of having development projects 
that are in line, or at least not in contradiction, with government interests to be able to 
sustain in the system. An NGO expert illustrated a situation: “Our new project approach on  
 
10	  The plan can cascade down to the level of individual farm households as is the case in one of 

the study districts, Gumer. The ‘politics and power relation’ section provides a more detailed 

illustration of the planning process.
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organic potato farming and biological disease control has been an issue for the government. 
If we implement our project, it means that about five hundred seed potato producing farmers 
that will participate in our project are not going to use inorganic fertilizers, chemicals or 
other inputs that are government recommendations. This became a huge concern for the 
government people. You know, one has to be cautious in matters like this as the government 
views us (NGOs) only as ‘gap-fillers’ and can tell us to go away at any time”.
	 Almost all actors from the workshop or the interviews acknowledged that farmers are 
their key partners. However, many experts from the different actor categories, particularly 
government experts at the lower level, held the view that despite their efforts, farmers’ 
‘lack of knowledge’ was a major challenge for the sustained problem of bacterial wilt 
and late blight. Likewise, NGO experts and agro-input suppliers also complained how 
‘limited awareness of farmers’ and ‘resistance to change’ have compromised the success 
of their interventions or services. Although many of the interviewed experts believed 
that trainings can eventually change farmers’ situation, they also mentioned that farmers 
usually show little interest to ‘attend’ or ‘learn’ from the trainings they organize. Among all 
the actors, the potato farmers are the most reluctant to share their views and mostly shy 
away from discussing matters that they perceive as political or will offend other actors. 
Very common utterances from farmers when they talked about their engagement with 
other actors included: “…the district and CIP works for us….”; “based on the directive given to 
us….”; “…just like they told us….”; “if they bring us a solution…”
	 The case box portrays a picture of the government power structure through which 
different agriculture-related plans are channeled. In such arrangement, farmers are 
expected, at least in principle, to comply with a plan that emanates from the government’s 
strategic development agenda.
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Information sharing culture

Lower level government experts at the districts mainly use the social organization, 
discussed in the ‘Politics and Power relations’ section, to share different types of information 
with farmers. They said that through the structure, they can easily share information with 
farmers on different development agendas including agriculture. In such communication, 
mobile phone plays an important role according to a district agriculture office head in 
Gumer. He illustrated: “These days, communicating farmers has become easy. All we have to 
do is call leaders of each ‘Farmer Development Groups’ and pass our message and the leaders 
will then call and tell each ‘one-to-five’ leader under them. The ‘one-to-five’ leaders can easily 
reach out the rest of the four farmers in their group who usually are their neighbors”. In such a 

Case Box: Based on countrywide strategic plans such as GTP (Growth 
and Transformation Plan), AGP (Agricultural Growth Program), SLM 
(Sustainable Land Management), short-term plans are developed by high-
level experts in the different departments of the Federal Ministry or regional 
agricultural offices. Plans developed at this level will be shared with each 
zonal agricultural office within the regions. Based on those figures, the zonal 
offices disaggregate the information to each district under the zone and the 
district follows the same procedure to distribute it to the ‘Kebeles’ which are 
the lowest formal government administrative levels in the country. In such 
a cascade of plans, the role of the offices at immediate lower level is more of 
providing feedback on invalid assumptions. Although it is not formally part 
of the government administrative structure, a ‘Kebele’ also called ‘Peasant 
Association’ in rural Ethiopia, is divided into clusters that contain quite a 
few groups of farmers that are labeled as ‘Farmer Development Groups’; the 
number of farmers in each group ranges from twenty-five to forty. In an ideal 
situation, three extension workers are distributed to closely work with such 
groups. Each development group has leaders appointed as chairman, vice 
chairman and secretary who, in most cases, are ‘model farmers’ and have 
a strong link with the local administration. To be able to get to individual 
farmers, ‘Farmer Development Groups’ are divided into a group of five 
farmers which is locally known as ‘and le asmest’, meaning ‘One-to-Five’. In 
this final social grouping, as its name indicates, one (Model) farmer leads 
a team of five farmers. Using this structure, which has been in place for a 
decade or so, the government tries to structure its power and communicates 
its development agenda until it gets to a farm household level. The ‘Kebeles’ 
have a standardized form that will be filled by each household which in 
aggregate will fit into its Kebele-wide plan.
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way model farmers (group leaders), assisted by the extension workers, are expected to play 
a key role in facilitating information sharing with farmers. The experts labeled the model 
farmers as fast adopters and innovators who can play an important role in influencing 
other farmers that are perceived to be slow in taking up technologies. A district expert 
explained: “We have model, middle and laggard farmers. We focus on model farmers who 
are only about ten percent of the farmers”. Government initiated trainings are organized 
separately to the model farmers and then together with the rest of the farmers to help 
the models play their catalyst role effectively. However, some of the informant farmers 
seemed to have their reservations on the approach stating that model farmers are usually 
reluctant to share the information they access and are only benefiting themselves.
	 Organizations that are engaged in providing agriculture-related information to 
farmers and other actors through the use of different ICT platforms mainly see the problem 
of bacterial wilt and late blight and other crop diseases in relation to having access to 
reliable or timely information on existing scientific management techniques. It is a widely 
held view that limited awareness among governmental and non-governmental actors on 
the role ICT can play in crop disease management and in the wider agriculture sector is a 
challenge. There are different perceptions on best-bet information delivery tools ranging 
from ‘mobile-based voice response’ to ‘participatory radio programs’ and ‘educational 
videos’. Providing scientific and evidence-based information is a critical factor for the 
interviewed experts. They argued that if scientifically proven technologies and practices 
are shared with farmers through available ICTs, farmers are more likely to adopt it as they 
will see the benefit. For this reason, information contents are mainly developed by subject 
matter experts within or outside the organizations. They stressed the need for developing 
a content that is not in contradiction with the government’s extension advisory service. 
The information content in the ATA IVR (Interactive Voice Response) system, the first 
of its kind in the country, mainly adapted ‘improved technology packages’ used by the 
government extension service whereby government experts from ATA, Ministry, and 
national research centers participated in repackaging the content to fit to the IVR system. 
An expert in the organization explained if there is a need to update the content by ATA, it 
has to be approved by the Ministry of Agriculture and Natural Resources for its conformity 
with governments’ recommended practices.

 Discussion: a systems thinking perspective

Diagnosis and risk monitoring 

The problems mentioned in relation to the limited capacity of extension workers and 
farmers on diagnosing and monitoring bacterial wilt and late blight, or the resource 
constraints are more likely manifestations of a more structural problem that appears to 
be overlooked by many of the actors. Failure to adequately manage a disease can often 
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be traced back to a failure to correctly diagnose or monitor risk levels of the problem 
(Palmateer et al., 2016). In the management of bacterial wilt and late blight, a preventative 
attitude is very important as attempting to rescue a field after disease infestation does not 
give satisfactory results, especially with bacterial wilt. In this regard, disease management 
practices of the government and those of farmers are by and large campaign-based and 
reactive rather than being preventive. Practically, preventive approaches for bacterial 
wilt can range from a containment strategy and strict quarantine measures to practices 
that are targeted on the reduction of inoculum sources (Yuliar and Toyota, 2015; Miller 
et al., 2006). In this regard, existing response-based conception and practice of disease 
management has intrinsically made timely or accurate bacterial wilt or late blight 
diagnosis and monitoring ‘less relevant’ in the eyes of decision makers leading to limited 
effort or investment to improve the technical skills of farmers and extension workers or to 
allocate the resources required for the work. A recent government strategy document on 
‘Pest and Disease management’ also proclaimed the government’s growing recognition 
that the provision of crop disease management support service has been done only 
whenever there is an infestation of outbreak proportions reported by farmers (MoANR, 
2016). Similarly, the focus on other more important crop insects and diseases by high-
level experts and decision makers could be strategically right, but this would also mean 
that existing reactive disease management culture would even be more pronounced 
and less organized for bacterial wilt and late blight problems. The absence of accredited 
national plant protection laboratories along the ministry structure for diagnosing crop 
diseases, including potato diseases, and lack of monitoring or forecast systems for late 
blight and quarantine measures for bacterial wilt (Haverkort et al., 2012; Gorfu et al., 2012; 
MoANR, 2016) are other manifestations of the structural problems that are considerably 
affecting proper late blight and bacterial wilt diagnosis and monitoring.

The perception by many of the actors, including the government, that disease diagnosis 
or risk assessment is an activity of the government has important implications from a 
systems perspective. Successful disease diagnosis or risk assessment approaches require 
networks of actors from the government, research institutions and local organizations 
which help to integrate risk assessment and monitoring activities on diseases (Mazet et al., 
2014; Kelly et al., 2017). There seems to be a high tendency, both by the government and 
other actors, to see disease monitoring and risk assessment as the government’s task. The 
tendency to underemphasize the role of other actors, which we consider as a structural 
problem, is limiting actors’ capacity to collectively act in diagnosis and monitoring of the 
disease.



Diagnosis of management of bacterial wilt and late blight in potato in Ethiopia: A systems thinking perspective

51

2

Management strategies

Disease diagnosis and monitoring, and implementing management options are related 
activities. As highlighted before, most disease control measures should aim at preventing 
or protecting crops from the disease rather than ‘curing’ the crop after it is diseased (Yuliar 
and Toyota, 2015; Miller et al., 2006). In systems thinking terms, the underemphasis in 
bacterial wilt and late blight diagnosis and monitoring, which is argued to come as a 
result of the reactive disease management culture, will have negative feedback in pushing 
actors to stick to the existing dominant reactive management approach (Senge, 2006; Kim 
and Anderson, 1998). Owing to this, the predominant management practices, roguing 
for bacterial wilt and fungicide application for late blight are done after the incidence of 
the diseases. Such reactive responses might seem logical at the time of bacterial wilt or 
late blight prevalence and can indeed suppress the problem at that particular point in 
time but it has little long-term effect in curbing the recurrence or the fast spread of the 
diseases. The government has just recently acknowledged that bacterial wilt of potato 
which used to be a problem in few places has now turned into a national problem due to 
the existing management responses that are tactical rather than strategic (MoANR, 2016). 
A recent study by a national research center associated the problem with existing neglect 
for bacterial wilt suggesting the need for recognizing the potential danger of the disease 
to the potato growers in the country (Gorfu et al., 2012).
	 An interesting reactive response mentioned by workshop participants that is also 
criticized by a previous study is the shift in potato production in many parts of the country 
from the long rain season (Meher) to the short rain (Belg) production, despite the high 
yield potential in the long rain season (Bekele and Eshetu, 2008). Promoting preventive 
late blight management options without sacrificing yield as a result of shifting to the 
short rain season could have been a more systemic response. This is with the rationale 
that the overall objective of late blight disease management is taken to be improving 
potato productivity or reducing the associated yield loss (Kirk and Wharton, 2014; Burke, 
2017). Application of fungicide is the most widely used late blight management practice 
by potato farmers in the country (Mekonen et al., 2011; Kassa and Beyene, 2001). However, 
uncontrolled application of fungicide is recognized for its contribution to the development 
of chemical resistance in the country (MoANR, 2016). The same practice, if supported with 
a monitoring and information sharing mechanism on when and how to apply chemicals 
before late blight incidence could have been a preventive option for the disease (Pernezny 
et al., 2016). Such ‘event’ level responses could not fundamentally prevent the disease 
epidemics from recurring season after season or could not significantly reduce initial 
sources of infections. 
	 Another notable finding from actors’ views in relation to the management of the two 
diseases is the tendency to look at the problem situation from one’s own organizational 
mandate or area of involvement. This is evident from the diverging views of actors on 
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the appropriate management options for the diseases. Successful implementation of 
preventive management options is affected by existing perceptions towards the need 
for coordinating efforts. Addressing complex challenges like bacterial wilt and late blight 
requires that interdependent actors navigate the complexity with the help of continuous 
monitoring and learning, and translate progressive insight into effective coordinative 
capacity and collective action (Maloy, 2005). Actors’ behavior to collaborate or collectively 
engage is highly influenced by how the different actors see their roles and scope of 
influence in the disease management system (Senge, 2006; Kim and Anderson, 1998). 
However, due to a strong emphasis on one’s own organizational mandate or limited 
recognition of interdependencies of activities, which the different aspects of it will be 
discussed in the subsequent sections of this paper, successful joint engagement could 
not be materialized. The existing firefighting mode does not particularly work for the 
management of bacterial wilt, which usually demands combinations of management 
options that can best be implemented collectively by farmers in a village or a district 
(Bekele and Eshetu, 2008). 

Seed quality control
Through a systems thinking lens, one can clearly observe a fixation on responding to a 
short-term situation in relation to the different problem aspects of seed quality control. 
Apparently, emergency seed potato provision, in a poor disease management culture, will 
not only advance the spread of the diseases, it can also contribute to other emergency 
situations when one takes into account the economic importance of the two diseases for 
potato growers (Gorfu et al., 2012; Kassa, 2012). As can be witnessed from the utterances 
of the inspectors, whenever potato seed quality control issues were raised, the inspectors 
mainly talked about event-level interventions like doing a timely inspection, giving 
instructions, warnings or revocation of license. The ‘quick fix’ solutions and a focus on 
their own activities have gravitated the actors to blame others for the problem without 
acknowledging that their own action is affecting the behavior of other actors thus creating 
the very problem that they blame others for (Senge, 2006). Similarly, the seed potato 
producing farmers in the cooperatives or the NGOs could have a chance to proactively 
work to change their own practices in the production or distribution of disease-free seeds 
but instead, they are more inclined to superficially react to the regulatory and procedural 
demands of the inspectors who primarily see strict enforcement as their main course of 
action. There is no doubt that enforcement of the regulations is necessary. However, a 
more systemic response could have been facilitating conditions for joint learning to 
improve the knowledge and technical capacities of potato growers and experts on the 
diagnosis, monitoring, and management of the two diseases (Maloy, 2005). This does 
not only help growers to produce disease-free potato seeds that different actors buy 
and distribute to different areas, it can also lessen the burden on the inspectors who are 
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stretching their limited capacity to casually address bacterial wilt and late blight problems 
through enforcement of laws and procedures.

Research and extension
As stated by the researchers, over the years, limited adoption of agricultural technologies 
by farmers through the conventional research and extension approach has indeed 
brought a shift of emphasis towards participatory research and extension approach 
in the country (Bedane and Kuma, 2002). It was envisaged that the new approach will 
bring together the knowledge capacities of local communities with that of scientific 
institutions and other stakeholders in processes of technology development and use 
(Bedane and Kuma, 2002; Tesfaye et al., 2002). However, despite the claim to this shift, 
it is observable that the traditional technology transfer model is still dominant thinking. 
Researchers’ statements seem to implicitly authorize scientists or research institutes as the 
only or major suppliers of knowledge products. Existing names of the different research 
departments are also good imprints of a linear thinking mode. Without working towards 
a shift from this thinking, the ‘participatory approach’ cannot facilitate interactive learning 
processes in the direction of joint creation of knowledge and collective action (Röling and 
Leeuwis, 2001b). Contrary to this, a striking event-level response or a simple-fix from the 
researchers to the problem of not getting the required support from extension workers or 
farmers is paying per-diems or hiring guards. Such responses would likely have a negative 
long-term effect on the very participatory approach by reinforcing existing attitudes of 
the extension workers and probably farmers11 in seeing the research experiments as solely 
researchers’ business.
	 Moreover, the extension research wing in the national research system is preoccupied 
with ‘technology demonstration’ and ‘popularization’ activities. This limits its research 
engagement on wider systemic issues or in knowledge brokering which could have 
contributed to institutional innovation and transformation of the enabling environment 
for technology development and use (Turner et al., 2016; Turnhout et al., 2013). However, 
as to what seems to be a total disregard for this structural problem, the decision made by 
SARI is to dissolve the ‘Extension Research’ department. A shift from a linear knowledge/
technology transfer culture could have been a generative response to improve the 
effectiveness of the participatory research and extension approach and its contribution 
to co-creation of knowledge and technologies that are more relevant to the management 
of bacterial wilt and late blight.
	 From the utterances of the different actors, one can observe similar defensive routines 
by the different actors while explaining the different aspects of the problem situation. 
Such propensity of shifting responsibilities is also reflected in the Ministry’s strategy  
 
11	  We could not capture farmers’ opinion as none of the farmers approached for the study said 

they had experience in participatory research.



Chapter 2

54

document whereby its linkage with the national crop protection research has remained 
a very loose owing to the research institute’s low focus on plant protection technology 
generation (MoANR, 2016). From a systems thinking perspective, the tendency to engage 
in a blame-game or to see themselves in isolation has led them to look for an external 
cause to the problem situation (Senge, 2006).

Politics and power relations
As people have a particular way of viewing the world, judgments to be made or ‘actions 
to improve’ a problem situation should seek accommodation or deliberation among 
different views and interests of actors. So politics is taken to be a power-related activity 
concerned with managing relations between different views and interests (Checkland, 
2000). Bearing the mantle of leadership in ‘smallholder-based sustainable agricultural 
growth and development’ (Chanyalew et al., 2010), the government is playing a very 
dominant role in planning and agenda setting in a hierarchical and top-down fashion. 
By the virtue of emphasizing on the expediency of this approach, some of the decision 
makers and experts in the government showed little regard for any power asymmetry that 
could arise from the top-down decision-making process. Even though the government’s 
approach might have emanated from pure ambition and an assumed leadership role, a 
vision that does not appreciate the interests and aspirations of the farmers or other actors 
can fail to inspire genuine enthusiasm. Decision-making processes can be transformed if 
all concerned actors become more able to surface and discuss productively their different 
interests and aspirations (Senge, 2006).  
	 Strong dominance of the government ministry and its downward structure also 
seems to affect perceived capacity of other actors to instigate change in the system. This 
is clearly visible in the opinions of researchers and NGO experts on their perceived limited 
ability to change the problem situation and on the importance of aligning their activities 
with the agenda set by the government. In system thinking terms, such attitude and 
associated behavior create a difficult condition for all the actors to fully realize or unleash 
their potential for coordinated action (Senge, 2006). Although meaningful change 
can best be realized when powerful actors like the government see the importance of 
accommodating different interests, the belief of the other actors that change has to come 
from outside (the government) is characteristic of non-system thinking. It is when actors 
see themselves as part of the systemic structure that they realize they have the power to 
alter the structure of the system (Mazet et al., 2014; Kim and Anderson, 1998).
	 Farmers, who usually are claimed to be ‘key partners’ by the different actors, find 
themselves even in a more difficult situation to express their interests. Some of the 
common utterances from farmers clearly reveal their perceived position in existing power 
relations. A previous study on participatory natural resource management intervention 
in the country also supports our assessment that a restrictive political context and widely 
held negative attitudes towards farmers have undermined self-confidence among farmers, 
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many of whom seem to have internalized the perception that experts and decision makers 
have towards them (Cullen et al., 2014). The perception that lack of knowledge of farmers 
is a key problem has shifted the focus of actors towards training and capacity building 
activities. However, different literature on power relations has already underscored that 
such interventions can potentially mask or exacerbate the more structural problem 
of power inequalities if existing power dynamics and the need for accommodation of 
different interests are not taken into account (Cullen et al., 2014; Aarts and Leeuwis, 2011).

Information sharing culture
As interactions are quite centralized and hierarchical, information sharing 
is practiced in the same mode. As part of an attempt to come up with a 
different approach, there have been some experiments on participatory 
information sharing and learning platforms by different international 
research-for-development organizations, particularly CGIAR institutes 
working in the country (Lema et al., 2015; Swaans et al., 2013; Abate et 
al., 2011). Although so far there is very limited local scientific evidence 
on the impact of such platforms in fostering interactive information and 
knowledge sharing or learning, a key insight from one empirical study in 
the country is of particular importance to our research topic. The study 
amplified that a failure to take into account power imbalances and political 
realities in and around learning platforms did not only gave the illusion of 
increased participation and learning but it also compromised the capacity 
of the platforms in catalyzing social change (Cullen et al., 2014).
	 Organizations that are engaged in the delivery of agricultural 
information through different ICT tools appear to have a shared 
‘technology-oriented’ approach to information sharing which assumes 
that farmers will act in accordance with the implemented technology 
(Pilerot and Limberg, 2011). The experts mainly talk about how the 
information delivery tools can facilitate or improve farmers’ or other actors’ 
access to information, giving little emphasis to the existing top-down 
culture and power relations which are indicated to influence how actors 
access, interpret, share or use information (Banjade et al., 2006; Leeuwis, 
2004). Due to existing perception of information sharing as a technical 
rather than a social phenomenon (Checkland, 2000), the development 
of the information content that is delivered through the different ICT 
technologies is essentially expert-driven. The ATA approach can be a case 
in point whereby without changing the logic of content development 
or information sharing culture, their practice might have even increased 
the power of the ministry through its control on the information. Using 
ICTs to enable participatory and interactive information sharing is in stark 



Chapter 2

56

contrast with classical, expert-centered approaches where ICTs are used 
primarily to support the dissemination of research-based information and 
advice (Cieslik et al., 2018; Leeuwis, 2004). On the other hand, if ICT-based 
interventions are context-specific and build on local needs and capacities, 
it may enable the generation of new forms of locally relevant information 
and can catalyze new forms of network formation, information sharing and 
learning Cieslik et al., 2018; Chapman and Slaymaker, 2002).

Opportunities for ICTs in overcoming collective action problems
Finally, our systemic analysis envisages to look for opportunities for leverage or small, 
well-focused interventions that have the potential of producing significant and enduring 
improvements to the problem situation (Senge, 2006). As it is discussed under the 
technical aspect of the problem situation, actors’ limited recognition of interdependency 
and existing marginal collaboration poses a challenge to effectively monitor and manage 
the problem of bacterial wilt and late blight. The collective engagement problem becomes 
even more pronounced when the aim of disease management is geared towards disease 
prevention rather than disease control (Mazet et al., 2014). This is with the rationale that 
timely monitoring and risk information sharing, which are vital elements of preventive 
disease management strategy, require a network of actors that should work towards 
reducing reoccurring risks of the diseases at the collective level (Liao et al., 2016). In 
this regard, different ICT platforms have been implicated to play a meaningful role in 
overcoming connectivity problems or in complementing traditional collective action 
networks that aim to address complex challenges such as potato disease management 
(Karpouzoglou et al., 2016; Chapman and Slaymaker, 2002; Cieslik et al., 2018). 
	 However, as highlighted in the introduction, the potential of ICTs to address coordination 
problems should be seen within the wider social, political and cultural context in which 
they are supposed to be used (Bennett and Segerberg, 2012; Chapman and Slaymaker, 
2002). The amplifying function of digital technologies can, in fact, serve to perpetuate 
existing inequalities instead of eradicating them (Cieslik et al., 2018). If ICTs have to realize 
their full potential in contexts with limited horizontal and democratic information flow, 
active participation of actors at the periphery in the design, experimentation, and use of 
the digital platforms is crucial (Chapman and Slaymaker, 2002). In our problem context, 
farmers and lower level (district) actors, which seems to be prime victims of existing power 
asymmetries and top-down information sharing, could be potential target groups for any 
ICT-supported collective disease management intervention. In doing so, the platforms 
will have the possibility to structurally alter the existing top-down flow of information 
and power inequalities by decentralizing information flow, devolving ownership over 
information and knowledge, decreasing dependency and providing a framework for 
shared learning (Karpouzoglou et al., 2016; Chapman and Slaymaker, 2002). Moreover, 
designing ICT supported collective disease management interventions that target high-
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level actors at national or regional levels can potentially fail to bring genuine enthusiasm 
due to the prevailing focus on the management of other insects and diseases of strategic 
crops. Although bacterial wilt and late blight management are still weak at the district 
level owing to the overall reactive disease management culture, the disease problem 
appears to be more recognized or felt by actors operating at the local level. 
	 As noted by Cieslik et al., different forms of participatory digital platforms in 
combination with more conventional forms of interpersonal communication and mass 
media can foster new kinds of connectivity, and enable the collection, processing and 
exchange of information among different actors or members of a community (Cieslik 
et al., 2018). Mobile phone technology has rapidly been accepted in rural communities 
and is playing an important role in fostering interaction between farmers, extension 
bodies and institutions (Chapman and Slaymaker, 2002; Chou and Min, 2009). Given 
the absence of potato disease forecast or early warning system in the country, ICT 
supported decision support tools can have a potential contribution in the generation 
and exchange of information that serves to initiate collective risk monitoring of late 
blight and in curbing existing practices of fungicide spray that is being done after late 
blight occurrence. Sharing information on the likely hood of late blight occurrence and 
on preventive spray regimes that help growers and other local actors for individual or 
collective decision is now becoming easier through mobile phone networks in places with 
low internet penetration like Ethiopia (Nakato et al., 2016). Likewise, digital platforms can 
play a role in the exchange of information on the different disease dynamics of bacterial 
wilt (e.g. prevalence, diagnosis, monitoring and control options). This can help the actors 
to better recognize the risks of bacterial wilt which seems to get limited attention so far. 
Most importantly, information sharing and learning on the risks and management of 
bacterial wilt can assist potato growers to advance their unsuccessful practice (Roguing) 
in the management of the disease. With the help of mobile phones, participatory 
monitoring can be performed by groups of community members which can foster joint 
learning on the disease dynamics and enhance awareness on the need for cooperation 
to effectively deal with it (Trabucco et al., 2013). By designing a more bottom-up and 
participatory approach to content development and technology modification to better 
fit into local needs, existing infrastructure such as the ATA AVR system can be leveraged to 
better ensure institutional embeddedness. To this end, further investigation on existing 
information and knowledge needs in relation to the diagnosis and management of each 
disease would help to arrive at specific recommendations on best-bet technology options 
and the content of information that can be used to catalyze disease monitoring, broader 
learning, and collective action.  
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 Conclusion

This study attempted to assess actors’ understanding of the problem situation in the 
management of bacterial wilt and late blight along multiple and interacting technical and 
institutional problem dimensions (Figure 1). In so doing, it further explored its implication 
for management of the two diseases and the role ICT can play in overriding collective 
action problems. As it is demonstrated in our analysis in Section 5, actors essentially 
overlooked key systemic problems that are contributing to the continuation or even 
worsening of the disease problems. Lack of preventive management culture, limited 
recognition of interdependencies among activities of actors, power inequalities, top-
down and linear approaches in information and knowledge sharing are among the key 
structural problems identified. Consequently, management responses are mainly geared 
towards uncoordinated short-term reactions that were found to have limited effect in 
catalyzing fundamental change to the systemic problems of bacterial wilt and late blight 
management. Figure 1 depicts actors’ key reactive responses (ERs) and the systemic 
structure at play (ST) across various technical and institutional aspect of the problem 
situation represented by the four circles with smaller arrows. It is further summarised in 
the figure that the systemic problems within the different problem aspects interact with 
one another to bring about a complex problem situation in the management of bacterial 
wilt and late blight.
	 Likewise, the existing appreciation of the problem situation has pushed many of 
the actors to mainly focus on their own activities and decisions with little recognition 
that the structural problems are results of multiple interacting factors to which they 
themselves, knowingly or unknowingly, have contributed their share. This is evident in 
actors’ tendencies to shift responsibilities and engage in a blame-game when discussing 
the different problem aspects of the diseases. In light of our research questions, we can 
conclude that existing understanding of actors of the systemic structure has limited their 
capacity to effectively and jointly respond to the complex problem of late blight and 
bacterial wilt management. 
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As problems of bacterial wilt and late blight management have multiple technical and 
institutional aspects, new management interventions should also be designed in such a 
way that the interventions can instigate technical (preventive disease management) as 
well as institutional (power asymmetries and top-down information sharing) change. A 
bottom-up and participatory disease management approach can serve as a ‘local’ solution 
to a wider systemic problem whereby farmers, together with local level actors, can drive 
a positive change in the bacterial wilt and late blight management system.  Local level 
actors such as extension workers, seed quality inspectors, researchers, and NGOs can be 
strategized to foster institutional embedding and broader learning.

As it is highlighted in the discussion section, a shift to a more preventive management 
culture warrants networking of local level actors who can collectively engage in disease 
monitoring and information sharing on different aspects of bacterial wilt and late blight 
management. Designing such interactive processes will not only help local level actors to 
better realize their interdependency and to have a shared understanding of the systemic 
structure at play, more importantly, it can facilitate collaboration and collective action to 
deal with their shared problem. In this respect, different forms of digital technologies or 
information sharing platforms can play a role in facilitating actor networking, information 

Figure 1: 

Systemic structure at play in complex problem of management of bacterial wilt and late blight.
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exchange, learning and collective action in the management of the two diseases. A 
promising intervention for late blight could be a mobile-based decision support tool 
that can be used for information sharing on disease monitoring and preventive fungicide 
use. Similar mobile-based digital platforms can be leveraged to enhance awareness and 
facilitate learning on bacterial wilt disease dynamics and management. To be able to come 
up with a more specific recommendation, more insight on existing ICT infrastructure, and 
information and knowledge needs in relation to the diagnosis and management of each 
disease is of paramount importance.
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Chapter 3

Farmers’ knowledge and practices 
of potato disease management 

in Ethiopia13



Effective management of potato diseases such as bacterial wilt and late blight 

depends to a large extent on farmers’ knowledge of the diseases as well as on the 

integration of recommended management methods in their daily practices. Late 

blight has continued to be a dominant potato disease for many decades in Ethiopia, 

whereas bacterial wilt has emerged more recently with a devastating impact on the 

country’s potato production systems. A survey of 261 randomly selected farmers 

was carried out in three major potato growing districts in the central highlands of 

Ethiopia to examine farmers’ knowledge and management practices of the two 

diseases, and to analyze the role of relevant knowledge in their practices. Considering 

their different characteristics, three groups of farmers were distinguished: producers 

of quality declared seed, producers of regular seed and producers of ware. The 

study sheds light on the vital role the lack of knowledge about the diseases plays 

in shaping farmers’ daily potato production practices. Most farmers could recognize 

symptoms of the diseases on infected leaves and stems. However, they had 

very limited knowledge of the diseases including their causal agents, spreading 

mechanisms, and effective management methods, although they knew a little bit 

more about late blight than about bacterial wilt. Therefore, to effectively manage the 

diseases, farmers need to learn about the diseases and how to manage them in their 

local context applying a feasible combination of management options through a 

community-based approach. The effectivity of such approach could be enhanced by 

stipulating operational standards in bylaws and through continuous monitoring of 

changes in farmers’ practices and environmental monitoring for disease occurrence 

by leveraging interactive mobile-based platform. 

Keywords: 

Farmers’ knowledge, potato diseases, disease management, farmers’ practices, 

bacterial wilt, late blight, Ralstonia solanacearum, Phytophthora infestans
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Introduction 

Potato (Solanum tuberosum L.) is the fourth most important food crop in the world after 
maize, rice, and wheat. It provides more food per unit area than any other major food 
crop (Devaux, et al., 2014; FAO, 2008). In Ethiopia, on top of being a key crop for food 
and nutrition security, potato is a vital source of income for many smallholder farmers 
in the Ethiopian highlands due to its high yield, combined with its early maturity and 
high nutritional value (Haverkort et al., 2012; Gildemacher et al., 2009a).  Currently, potato 
is cultivated on more than 296,000 ha of land in the country, engaging more than 3.7 
million smallholder farmers and with an annual production of about 3.6 million tonnes 
(CSA, 2016). 
	 Despite its importance, the production of potato has been challenged by several 
biotic and abiotic constraints prevailing in the country. Potato yield per unit area has 
remained low with a national average of approximately 12.3 Mg/ha (CSA, 2016), which is 
low compared to the achieved yield of up to 65 Mg/ha on research station and about 50 
Mg/ha on farmers’ field, under good management practices and using improved varieties 
(Berihun and Woldegiorgis, 2013).   
	 Among the major biotic constraints that have severely affected potato production in 
Ethiopia, late blight has been identified as the most important (Kassa and Eshetu, 2008; 
Woldegiorgis et al., 2008). The pathogen develops and spreads rapidly under high relative 
humidity, moderate temperature, and substantial rainfall. It infects potato leaves, stems, 
and tubers at any stage of development and has a potential to destroy the whole potato 
field within a few days. 
	 Considering the importance of the late blight problem, several potato research and 
development projects have been implemented in the country. Late blight management 
approaches which include the use of resistant varieties, fungicide application, and cultural 
practices such as early planting, hilling and mechanical haulm killing before harvesting 
have been tested and recommended by the national agricultural research institute 
(Woldegiorgis  et al., 2008). Studies show that management practices such as fungicide 
application and use of resistant varieties have been adopted by some potato farmers in 
different parts of the country (Tesfaye, et al., 2013). However, late blight has continued to 
be a serious problem contributing to a significant yield reduction in the Ethiopian potato 
production system. 
	 More recently, another potato disease, bacterial wilt, has become the most serious 
threat to the country’s potato production (Gorfu and Woldegiorgis, 2013). The prevalence 
of bacterial wilt has been historically limited to few parts of potato-growing areas in 
Ethiopia until recent years (Henok, et al., 2007; Lemessa and Zeller, 2007). With the 
rapid expansion of potato production in the country, the distribution of the disease has 
been increasing. And currently, the disease has spread nationwide. According to recent 
studies, the disease has affected the seed potato production system and it has reached 
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an epidemic level in some districts (Abdurahman et al., 2017; CIP, 2016; Gorfu et al., 2013). 
Overall, given the drastic prevalence of both bacterial wilt and late blight in the country, 
controlling the spread of the diseases is currently a big concern of potato farmers and 
other actors in the potato innovation system. 
	 In the literature, much is known about the nature of the pathogens that cause the two 
diseases and effective measures for prevention and control of their spreading (Yuliar et 
al., 2015; Arora et al., 2014; Hayward, 1991). This does however not imply that smallholder 
potato farmers in developing countries like Ethiopia have adequate knowledge of the 
diseases given the complex socio-ecological nature of these problems. A recent diagnostic 
study conducted in the Ethiopian potato innovation system and published in this special 
issue has pointed out that the design and implementation of effective management 
interventions for the two diseases requires an understanding of the systemic, multiple 
and interacting technical and institutional aspects (Damtew et al., 2018). The study 
recommends a community-based approach (mobilizing farming community and 
strategizing other local actors) to effectively manage the diseases in the context of 
smallholder farmers in Ethiopia (Damtew et al., 2018). Similarly, previous studies in many 
countries have recommended an integrated approach using a combination of disease 
management options as a plausible strategy to effectively manage bacterial wilt (Lemaga 
et al., 2005; Priou et al., 1999; French, 1994; Elphinstone and Aley, 1993) and late blight 
(Cooke et al., 2011; Garrett et al., 2001; Lal et al., 2017). Furthermore, addressing such 
complex socio-ecological challenges requires continuous monitoring and learning, and 
translating new scientific knowledge to foster the capacity of farmers to act collectively 
(Cieslik et al., 2018; Brown et al., 2010).
	 In the current digital era, the increasing availability of Information Communication 
Technologies (ICTs) has enabled management and monitoring of complex ecological 
challenges by generating timely and context-specific information (Cieslik et al., 2018). 
Likewise, in relation to complex potato diseases like bacterial wilt and late blight, mobile-
based technologies have been suggested as potential ICTs to stimulate collective and 
connective action among farmers by generating locally relevant information (Cieslik 
et al., 2018; Damtew et al., 2018). However, the extent to which farmers in Ethiopia 
have access to mobile phones and how mobile-based platforms can be leveraged for 
disease monitoring and information sharing among smallholder farmers are not clear. 
Furthermore, for developing an effective community-based approach, good insight 
into farmers’ knowledge and information need in relation to the different aspects of the 
diseases is required. Understanding the role of knowledge in farmers’ practices is also an 
important starting point for developing a community-based management strategy that 
fits the context of the country’s potato production systems.
	 This diagnostic study was designed to investigate farmers’ knowledge of various 
aspects of bacterial wilt and late blight and to examine how the knowledge on these 
diseases contributes to or hinders good farmers’ practices of preventing and controlling 
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the diseases. It is recognized that relevant knowledge may consist of both scientific 
knowledge and local knowledge and abilities to deal with the diseases in the local 
context. Hence, the study focuses on farmers’ understanding of scientific knowledge on 
the diseases and recommended management methods as well as their local knowledge 
on how to deal with the diseases. The findings of this study are relevant for the design 
of a community-based potato disease management in the context of smallholder 
farmers in Ethiopia. Moreover, the study offers an important scientific contribution to our 
theoretical understanding of how farmers’ practices are related to knowledge in relation 
to the management of plant diseases and how mobile-based technologies can foster 
disease monitoring and collective action. The main objective of the study is to identify 
basic requirements for a community-based management strategy that induces a learning 
process among farmers for effective management of bacterial wilt and late blight in the 
central highlands of Ethiopia. The implications of the study will be identified by exploring 
what types of learning approaches would fit the current situation of farmers’ knowledge 
and practices. To achieve the overall objective, four related research questions were 
formulated:

1.	 What would be an effective disease management strategy for smallholder potato 
farmers? 

2.	 What knowledge do farmers have about bacterial wilt and late blight and their 
management methods? 

3.	 How are farmers’ practices related to this knowledge? 

4.	 What are the implications for a community-based intervention and monitoring 
approach by leveraging a mobile-based platform?

This paper is organized as follows. Section 3.2 develops a conceptual framework for the 
study. This is followed by Section 3.3 with a brief description of the methodology including 
study design and sample selection, description of study sites, data collection and analysis, 
and profile of sample farmers. In Section 3.4, the results are presented, and in Section 3.5 
the findings are discussed. Section 6 draws conclusions.
 
Conceptual framework 

The purpose of this section is to present a conceptual framework employed in this study. 
Three concepts relevant to crop disease management are key in this study. These are 
potato diseases, knowledge and practices. 
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Potato diseases
Plant diseases result from complex interactions among a susceptible host plant, a 
pathogen, and the environment (Vanderplank, 2012; Scholthof, 2007). Several human 
activities like cultural practices including application of chemicals modify this interaction 
(Burdon et al., 2014). Environmental factors such as temperature, moisture, soil pH, wind, 
light, and soil type play a huge role in disease development and severity (Scholthof, 
2007; Schumann, 1991). Plants are considered to be diseased when they are infected by 
a pathogen and their normal development and functioning are disrupted. Hence, plant 
diseases significantly diminish growth and yield or reduce the usefulness of a plant or 
a plant product (Van der Plank, 2013; Beresford, 2007). Plant diseases may also lead to 
complete destruction of the entire plant under conditions favorable for the disease. Plant 
diseases can be grouped by the causal agent involved such as fungal diseases, bacterial 
diseases, and viral diseases (Vanderplank, 2012; Schumann and D’Arcy, 2006). Good 
understanding of the pathogen that causes a disease, its characteristics and life cycle, and 
its effective management options are critical to control or suppress the adverse effects of 
a plant disease (Van der Plank, 2013). This study focuses on the two major potato diseases 
in Ethiopian potato production systems, bacterial wilt and late blight, which are complex 
ecological problems. These diseases are caused by pathogens that have intricate life 
cycles and diverse spreading mechanisms. 

Knowledge 
For effective management, farmers need to have good knowledge of different aspects of 
the diseases, such as causal agents of the diseases, their life cycle, their visible symptoms 
on infected potato plants and tubers, how they spread from one area to another or from 
one plant to another, and effective management options. Without knowledge of these 
features of the diseases, it is difficult to effectively deal with them. 
	 Knowledge is a generic concept that needs to be specified to be a useful analytical 
tool. Scholars from many fields have developed different perspectives and attach different 
meanings to the concept of knowledge. For Churchman (1971), knowledge is a collection 
of information, as an activity or as a potential residing in the user to help him adjust 
behavior to changing conditions. Taking an interpretive view, Davenport and Prusak (1998) 
define knowledge as “a fluid mix of framed experience, values and contextual information 
and expert insight that provides a framework for evaluating and incorporating new 
experiences and information.” According to this perspective, knowledge originates from 
and is applied by humans.  
	 Different taxonomies of knowledge have been proposed by different scholars that 
got prominence in different scientific or practice domains. Lundvall and Johnson (1994) 
consider knowledge as a key resource for economic growth. They categorize relevant 
knowledge into four broad categories: know-why (scientific knowledge of principles or 
interpretative frameworks based on experience and intuition), know-what (knowledge 
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about facts), know-how (skills of doing different kinds of things practically) and know-who 
(who knows what and can do what). Know-what and know-why are usually referred to as 
explicit knowledge since they are easy to codify and communicate whereas know-how 
and know-who are tacit knowledge, which is invisible and difficult to share (Nonaka, 1991; 
Polanyi, 1967). This perspective on knowledge has gained prominence among innovation 
scholars who study learning economies. Learning mechanisms are also related to the type 
of knowledge to be generated, exchanged or transferred. Know-what and know-why are 
primarily learned by reading books and other materials and attending lectures or trainings 
while learning know-how and know-who is primarily rooted in experiential learning and 
in social interaction (Lundvall, 1992).
	 As disease management entails implementing a range of activities that require 
different types of knowledge, our study borrowed this perspective to examine the different 
knowledge aspects of farmers in the management of bacterial wilt and late blight. In the 
context of this study, know-why refers to knowledge on the causal agents and spreading 
mechanisms of the two diseases as farmers are not necessarily expected to understand 
the delicate and complex life cycles of the pathogens in order to properly manage the 
diseases. Know-what includes farmers’ recognition of the diseases, symptoms on infected 
potato plants and tubers, diagnosis methods, and management methods, whereas 
know-who refers to farmers’ knowledge of who can provide relevant information or their 
sources of information in their respective areas in relation to effective management of 
the two diseases, including fellow farmers, extension workers, NGO staffs and researchers, 
among others. Finally, know-how refers to farmers’ skills to implement effective disease 
management practices. 

Practices 
Relevant knowledge shapes disease management only if it is integrated into farmers’ 
daily practices. The concept of social practices has been used by many scholars ( Shove 
et al., 2012; Leeuwis, 2004). Practices are patterns of human action that are common in 
different contexts due to social influences. Peoples’ practices are shaped by a number of 
factors including what they believe to be true (beliefs about consequences of actions/
practices, perceptions of likelihood and risk), what they aspire to achieve, what they think 
they are able to do (which includes availability of skills and competence), and what they 
think they are allowed and/or expected to do (Leeuwis, 2004). Likewise, according to 
Shove et al. (2012), a social practice is defined by available materials (things, technologies, 
and physical entities), competences (skills, know-how, and techniques) and the meaning 
attributed to it (symbolic meanings, ideas and aspirations). This perspective contends 
that while people may know why, in order to integrate relevant knowledge into their 
practices, it must be meaningful in their local context, they need to possess or have access 
to appropriate technologies and develop appropriate skills and local knowledge of how 
to apply scientific knowledge in a specific context. This concept of practices thus allowed 
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us to give special emphasis to the role of knowledge in farmers’ practices of bacterial wilt 
and late blight management.

 Materials and methods 

Study design and sample selection
A survey aimed at understanding farmers’ disease management practices and their 
knowledge of bacterial wilt and late blight was conducted. To select sample farmers, a 
multistage sampling technique was used.  
	 In the first stage of selection, three sample districts (Gumer, Doyogena and Wolmera) 
were chosen purposefully from two major potato growing regions of the country, 
Southern Nations, Nationalities, and Peoples’ (SNNP) region, and Oromia region. These 
districts are among the major potato growing districts located in the central highlands 
of Ethiopia. Due to variations in terms of local conditions such as agricultural production 
systems and access to potato technologies, the districts were selected purposefully for the 
study expecting variations in farmers’ practices in relation to potato disease management. 
Gumer is located in the Gurage zone of SNNP region at 220 km from Addis Ababa. The 
agroecology of the Gumer district is moist cool highlands with bimodal rainfall and with 
annual rainfall of about 1600 mm. Its altitude ranges from 2800-3000 m. Doyogena district 
is also located in the SNNP region of Kampata Tembaro zone, at about 260 km south west 
of Addis Ababa, with an altitude ranging from 1900 up to 2800 m. The district also has 
a bimodal distribution of rainfall with an annual rainfall of around 1400 mm. Wolmera 
district is located in the Oromia region, about 40 km west of Addis Ababa, with a bimodal 
rainfall distribution. This district receives an average annual rainfall of around 1100 
mm and its altitude ranges between 2060 to 3380 m. Wolmera district has been one of 
the hubs of the seed potato market over the last 15 years since the Holeta Agricultural 
Research Center (HARC) of the Ethiopian Institute Agricultural Research (EIAR) and the 
International Potato Center (CIP) have been operating in the area. HARC and CIP have 
started operating in Gumer and Doyogena districts in recent years. This may probably 
lead to different disease management practices among the districts since the farmers in 
Wolmera district have had relatively better access to information on potato production 
and disease management practices.   
	 In the second selection stage, three broad categories of potato farmers were 
discerned, because their knowledge was expected to differ (although the categories were 
not mutually exclusive): producers of quality declared seed (QDS), producers of regular 
seed and producers of ware potatoes. QDS producers are farmers who are registered 
to produce seed that conforms to the minimum standards for seed potato production 
and undergoes some certification process (CIP, 2016; ESA, 2015) that is legislated in the 
seed production law. Since they are required to understand and adhere to quality seed 
production procedures stipulated in the QDS regulation they must have good knowledge 
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of potato diseases and potato production practices and inform themselves. Regular seed 
producers are those farmers who are usually organized in groups or cooperatives to 
produce seed potatoes. Their seed does not pass a certification process, but is expected 
to meet minimum requirements and therefore these farmers should have better 
knowledge than ware producers. Ware producers produce table potatoes either for home 
consumption or for marketing. There are no quality standards for ware potatoes. The 
knowledge of ware growers about diseases is expected to be least because they primarily 
get information from fellow farmers and extension workers unlike producers of QDS and 
producers of regular seed who get substantial support from agricultural research centers, 
universities and non-governmental organizations. 
	 Lists of potato growers (population) in the study sites were obtained from the 
respective district offices of agriculture and natural resources and sample farmers were 
randomly selected from these lists. The sample size was determined with the proportional 
stratified sampling method, with 95% confidence interval and 5% margin of error. Overall, 
a total of 261 farmers were selected and interviewed in the field. Detailed numbers of 
interviewed sample farmers are indicated in Table 3.1.  

Table 3.1: Numbers of interviewed farmers.

Sample districts

Number of sample farmers

QDS producers Regular seed producers Ware potato producers Total 

Gumer 23 27 32 82 

Doyogena 17 18 41 76

Wolmera - 40 63 103

Total 40 85 136 261

Data collection and analysis
A questionnaire developed by the researchers was used to collect data from the sample 
farmers. The questionnaire was aimed at getting a clear picture of farmers’ knowledge of 
bacterial wilt and late blight. Both structured and semi-structured questions were used.
	 Farmers’ know-why and know-what were investigated by comparing the current 
knowledge of scientists with farmers’ knowledge of the generic issues of the nature of 
the disease, causes of the spreading of the disease and disease management. The review 
of the state-of-the-art of scientific knowledge of bacterial wilt and late blight was carried  
out on the basis of a literature study (the know-why among scientists; see Sections 3.4.1 
and 3.4.2).
	 The tacit knowledge forms of know-who and know-how are ideally investigated with 
participant observation and long, in-depth interviews. The know-who was investigated 
by asking about the farmers’ knowledge not only about the sources of information, but 
also about the type of knowledge obtained from different sources and whether mobile 
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phones were sufficiently used by farmers to be future source of information were explored. 
To tackle the potential drawbacks of asking about know-how in a survey, the farmers’ 
were questioned about their actual disease management practices. Hence, practices 
such as crop rotation, seed renewal, use of late blight resistant potato varieties, and 
sorting infected/damaged seed and ware potatoes at harvest were given due attention 
in the questionnaire about how to address the diseases. Moreover, to triangulate and 
complement the findings of the survey, additionally in-depth interviews were conducted 
with six purposely selected farmers to generate qualitative information about their know-
how and know-who. 
	 The questionnaire was pre-tested with three farmers in each sample district. Few 
revisions on the content and the ordering of questions were made based on observations 
and reflections from the pre-test. The survey was conducted in a face-to-face interview 
style during November and December 2016. In addition to the questionnaire, farmers 
were asked to differentiate the symptoms of bacterial wilt and late blight that they knew 
during the interview. The questions were supported by providing colored photographs, 
which showed infected symptoms of bacterial wilt and late blight on potato leaves, stems 
and tubers. 
	 The survey data were analyzed using descriptive statistics (percentage, frequency 
and mean) to present findings in summaries and tables. Pearson Chi-square test was used 
to determine whether there was a significant difference in potato production practices 
and farmers’ knowledge of bacterial wilt and late blight management among farmers of 
different categories, and study districts. All the quantitative analyses were done using 
SPSS (Version 22) software. 

Profile of sample farmers
Of the 261 respondent farmers for the study, 87% were male and 13% were female. The 
average age was 42.7 ± 13.1 years, with many farmers (46%) between 36 and 55 years old. 
The majority of the respondents (67%) had formal education, either primary school (grade 
1-8) or secondary school (grade 9-12). Only 18% of the farmers were illiterate. All sample 
farmers were smallholders, with an average potato farm size of 0.56 ± 0.57 ha; the majority 
of them (53%) had less than 0.5 ha. Farmers in Wolmera district owned relatively larger 
potato fields than the farmers in Gumer and Doyogena districts. The average potato field 
size ranged from 0.37 ha in Gumer to 0.83 ha in Wolmera district, and from 0.50 ha for ware 
potato producers to 0.64 ha for regular seed producers. 
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Results 

Know-why of bacterial wilt of scientists
Bacterial wilt is a damaging potato disease, caused by Ralstonia solanacearum (Yabuuchi, 
1995). The pathogen is categorized as seed-, soil- and water-borne since it spreads 
through the use of infected seed as planting material, infected soil, surface run-off and 
contaminated irrigation water (Elphinstone et al., 2005; Hayward, 1991; Janse, 1996). The 
pathogen can also be introduced to a crop field through contaminated farm tools when 
used for cultivation and weeding. Once the pathogen is established in a potato field, it can 
survive in the soil for many years and thus prohibits subsequent production of potato in 
that field (Denny et al., 1994; Hayward, 1991). 
	 Ralstonia solanacearum is a widespread pathogenic bacterium that causes a wilt 
disease with severe effects on more than 200 host plant species which include many 
economically important solanaceous crops such as potato, tomato, eggplant, tobacco 
and chili (Elphinstone, 2005; Hayward, 1991). This bacterium enters the host plant roots, 
colonizes the xylem and makes the host plant collapse (Genin, 2010; Vasse et al., 2005). 
It has effective pathogenicity determinants to invade and colonize and destroy host 
plants. Visible symptoms of the infected plants are wilting, stunting and yellowing of the 
foliage. When the seed potato tuber is infected by this bacterium, the vascular ring decays 
and slime oozes are released from it until the tuber is completely destroyed (Vasse et al., 
2005). After destroying the host plant, the bacterium is released to the environment and 
survives in soil, water or other host plants including weeds. It exhibits successful strategies 
for survival in harsh conditions through diverse survival forms until it contacts with a 
new host plant ( Vasse et al., 2005; Hayward, 1991). The pathogen can also form latent 
infections, where host plants contain a bacterial population but without visible symptoms 
of infection (Aliye et al., 2015; Swanson et al., 2007; Priou et al., 2001). In Ethiopia, wide 
spreading of the disease has been found to be associated with latently infected seed 
distribution across the country (Abdurahman et al., 2017). The disease is also indigenous 
in many areas of the country. 
	 Bacterial wilt is difficult to control essentially because of its diverse host plant species, 
its transmission through latent infection, the multitude of sources of infection, and 
long survival of the pathogen in the soil. Recent advances in control measures include 
chemical, biological, physical, phytosanitation and cultural practices (Yuliar et al., 2015). 
But chemical control has not been proven to be efficient to control bacterial wilt since the 
pathogen survives in deeper soil layers (Huet, 2014; Hayward, 1991). Also, chemicals have 
damaging effects on the environment. Likewise, even though studies have shown the 
potential value of some biological control agents, their suppression capacity is usually too 
low to be commercially used at large scale or requires high rates of inocula (Champoiseau 
et al., 2010; Whipps and Gerhardson, 2007). Physical methods like soil solarization using 
transparent plastic mulches have been proven to be effective against the pathogen 
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although they are also difficult to be implemented by smallholder farmers (Yuliar et al., 
2015). Thus, phytosanitation and cultural practices are the recommended and most widely 
used methods to eradicate or reduce bacterial wilt (Yuliar et al., 2015; Champoiseau et 
al., 2010). Phytosanitations include planting disease-free tuber seed on disease-free field, 
decontamination of farm tools, decontamination of irrigation water, diversion of surface 
run-off, and quarantine measures. Cultural practices include crop rotation of 5-7 years of 
excluding host plants, soil amendment, rogueing of plants with symptoms of bacterial 
wilt and burning them, destruction of host weeds, and removing and destroying rotten 
tubers and potato haulms by burning ( Li and Dong, 2013; Lemaga et al., 2001a). Overall, 
several studies have proven that an integrated management strategy using a combination 
of phytosanitation and cultural practices is the most feasible approach to control bacterial 
wilt (Yuliar et al., 2015; Champoiseau et al., 2010; Lemaga et al., 2005). In addition, to 
effectively control the disease and prevent it from further spreading, a community-based 
approach is important through cooperation among farmers. The farmers need to make a 
concerted effort by practicing the cultural and phytosanitation measures to significantly 
control the disease in their community (Van de Fliert, et al., 1998; Pradhanang et al., 1993). 

Know-why of late blight of scientists  
Late blight of potatoes is also a devastating disease and it is caused by a fungus-like, 
microscopic oomycete pathogen Phytophthora infestans (Mont.) de Bary (Erwin and 
Ribeiro, 1996). This pathogen is predominantly dispersed aerially from one place to 
another and disseminates to healthy plant tissues via rain splash or on wind currents. 
Phytophthora infestans can infect and destroy all plant parts, including leaves, stems  
and tubers of potato plants (Cooke et al., 2011; Garrett et al., 2001; Erwin and Ribeiro, 
1996). It grows and reproduces rapidly on the host plant and results in severe epidemics 
during conditions of high moisture and moderate temperatures (Coffey and Gees, 1991; 
Harrison, 1995). 
	 Symptoms of late blight infection on potato leaves include blackish water soaked 
lesions, and whitish sporulation of the pathogen around the margin of the lesions (Arora 
et al., 2014; Erwin and Ribeiro, 1996). The symptoms usually begin near the edges or leaf 
tips and lesions expand quickly, turn dark brown, and damage the plant. Symptoms of 
late blight on potato stems are elongated and dark brown lesions while the disease results 
in irregular reddish brown coloured lesions on the surface of the tubers. At advanced 
stages of the disease, brown rot can be found on the tuber (Arora et al., 2014; Ingram and 
Williams, 1991). 
	 Management methods for late blight include genetic, chemical, biological and cultural 
methods (Bouws and Finckh, 2008; Ke-qiang and Forrer, 2001; Struik et al., 1997). Genetic 
control method refers to the use of potato varieties having resistance to the pathogen 
that causes the disease. Resistance varieties stop or slow down the development of the 
disease (Kirk et al., 2005). Several potato varieties that are resistant to late blight are being 
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produced in many countries including Ethiopia. Chemical control using fungicides that 
are capable of preventing infection or of slowing down the disease are also effective and 
constitute predominant late blight management methods. Broadly there are two kinds 
of fungicides, contact and systemic. Contact fungicides only protect plant area where 
fungicides are applied and plant leaves developed after application of the chemicals are 
not protected against the pathogen. But systemic fungicides are absorbed through the 
plant foliage or roots and they are capable to protect leaves formed after the application 
(Cohen and Coffey, 1986). Biological methods consist of reducing late blight infection by 
using live microorganisms that have antagonistic effects against Phytophthora infestans 
(Ke-qiang and Forrer, 2001; Struik et al., 1997). Practicality and effectiveness of biological 
methods are, however, uncertain in the context of smallholder farmers (Ke-qiang and 
Forrer, 2001). Cultural practices include scheduling planting time, use of early maturing 
cultivars, use of pre-sprouted seed tubers, destruction of volunteer potato plants, making 
high hills to avoid or reduce contact of tubers with sporangia coming from infected foliage, 
foliage cutting two to three weeks before harvesting, timely harvesting, and destruction 
of discarded tubers by safely burying or burning, among others (Cooke et al., 2011; Garrett 
et al., 2001). 
	 With an integrated disease management approach of a combination of resistant 
varieties, fungicides and cultural practices late blight could be controlled with low dose 
and frequency of fungicides (Kirk et al., 2005). Furthermore, an integrated approach is 
more economical for smallholder farmers besides reducing environmental pollution (Kirk 
et al., 2005; Namanda et al., 2004). Moreover, cooperation among farmers is important 
for effective control of the disease by avoiding infection from sources of inoculum in the 
environment (Ortiz et al., 2009). Hence, similar to that of bacterial wilt, a community-
based approach seems to be a promising strategy to reduce late blight severity. In the 
Ethiopian context, an integrated disease management approach has been adopted by 
the national research system as a strategy to control late blight. In this regard, about 
30 late blight resistant potato varieties have been released over the last three decades 
and are now in production in different parts of the country (Berihun and Woldegiorgis, 
2013). Nonetheless, the pathogen has developed new races and most of the varieties 
have become susceptible to late blight and the farmers are largely relying on application 
of fungicides (Shimelash, 2015). This makes the use of a combination of methods more 
compelling to effectively control the disease. 

Know-why of bacterial wilt of farmers
The farmers in the study areas were unaware of the causal agent of bacterial wilt and 
gave different assumptions based on their personal opinions and/or from what they 
heard other farmers say. None of the farmers mentioned the cause of this disease to be 
a pathogen. The farmers provided different explanations and confused a causal agent of 
the disease with various environmental factors, ranging from water shortage, insects, and 
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earthworms to planting high moisture content seed potato, and waterlogging (saturation 
of soil with water). Farmers who claimed that water shortage is the cause of bacterial 
wilt seemed to perceive it as a normal plant wilting from moisture stress. Waterlogging 
as a cause for bacterial wilt was particularly mentioned by farmers who were producing 
potato using irrigation. 
	 The majority of the farmers (60%) did not know bacterial wilt spreading mechanisms. 
But 40% of the farmers reported that they knew how bacterial wilt spreads and described 
different methods they thought it spreads through. Among these farmers, 63% and 52% 
of them mentioned infected seed potato and infested soil, respectively. Only few farmers, 
7%, pointed out contaminated farm tools as a means for the spread of the disease. But 
none of the farmers mentioned other bacterial wilt spreading mechanisms such as 
contaminated irrigation water, and infected alternative host plants. In addition, none of 
the farmers was able to recognize latent infection (symptomless transmission) of bacterial 
wilt. 

 Know-why of late blight of farmers
Concerning the causal agent of the late blight disease, 97% of the farmers associated 
it with abiotic factors like rainfall, humidity and cloud that rather are environmental 
conditions contributing to the development and spread of the pathogen that causes late 
blight. Only few farmers (3%), mentioned the cause of late blight to be microorganisms. 
This shows that the majority of the farmers, including producers of quality declared seed 
and of regular seed did not recognize the actual cause of late blight. 
	 Almost none of the farmers recognized the methods by which late blight spreads from 
one area to another, even though few farmers mentioned it to be through infected seed. 
It is important to note that none of the farmers mentioned wind or water as a spreading 
mechanism for late blight. As such, the farmers did not consider neighboring potato farms 
as a source of infection, which can potentially influence farmers’ practice in view of the 
need to collectively act to effectively combat the disease.   

Know-what of bacterial wilt and its management methods of farmers  
The majority of the farmers (72%) reported to know bacterial wilt, although not 
necessarily by its name. When the farmers were shown photographs of bacterial wilt 
symptoms on potato leaves and tubers without mentioning the name of the disease, 
most of the farmers recognized the symptoms as a problem they had in their potato fields 
or observed it in their neighborhood, both during Belg (short rainy season) and Meher 
(long rainy season) seasons. Overall, it was much easier for farmers to identify pictures of 
bacterial wilt symptoms on the leaves than on tubers. The farmers did identify general wilt 
of the potato plant. However, they did not recognize other common symptoms such as 
yellowing of foliage and stunting of the potato plant that can be associated with bacterial 
wilt. Statistically, there was a significant association between farmers’ knowledge of the 
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disease and their location/district (Table 2) with farmers in Wolmera Woreda relatively 
having better understanding of the disease (Pearson Chi-Square=81.136, p<0.001). But 
there was no statistically significant association between farmers’ knowledge of the 
disease and the category of producers (Pearson Chi-Square = 1.309, p= 0.520). 
	 Farmers’ knowledge of different management methods for bacterial wilt was also 
limited. Among the farmers who reported to know bacterial wilt, most of them (84%) 
mentioned rogueing plants with symptoms of bacterial wilt as an effective management 
method for the disease (Table 3.2). Cultural management methods were mentioned only 
by a few farmers and included planting bacterial wilt free seed (28%), crop rotation (19%), 
and decontamination of farm tools (3%). Furthermore, about 7% of the farmers, mostly 
ware potato producers, mentioned chemical application as a management method for 
bacterial wilt (Table 3.2). 

Table 3.2: Farmers’ know-what of bacterial wilt management methods.

Bacterial wilt management 
options recognized by 
farmers

% within type of farmers* % within districts*
% of total 
respondents
(n=147)

QDS
(n= 22)

Seed
(n=52)

Ware 
(n=73)

Gumer 
(n=11)

Doyogena
(n=47)

Wolmera
(n=89)

Planting bacterial wilt free 
seed potato 

41 40 15 9 30 29 28

Rogueing plants with 
symptoms of bacterial wilt

86 81 85 82 72 90 84

Crop rotation 59 21 6 9 40 9 19

Chemical application 0 4 11 18 11 3 7

Decontaminating farm tools 5 8 0 0 1 3 3

* Multiple answers were possible as most farmers reported more than one practice. 

Know-what of late blight and its management methods of farmers 
Similar to the case of bacterial wilt, during the survey, farmers were shown photos of late 
blight symptoms on potato leaves, stems, and tubers without mentioning anything about 
the disease. The majority of the farmers (94%) recognized the symptoms as a disease 
problem they had in their potato fields, mainly during the main rain season (meher). Again, 
similar to the case of bacterial wilt, the farmers more easily recognized the disease on 
potato leaves and stems than on potato tubers. Only few farmers, 6%, could not recognize 
late blight from the picture shown to them. All farmers in Wolmera district recognized 
the disease while 88% and 93% of the farmers in Gumer and Doyogena, respectively, 
identified the problem and there was a statistically significant association between 
farmers’ understanding of the disease and their location/district (Pearson Chi-Square = 
12.671, p = p=0.002). But there was no statistically significant association between farmers’ 
knowledge of the disease and the category of producers (Pearson Chi-Square = 1.596, p 
= 0.450). 
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Overall, more than 92% of the farmers reported that fungicide application was an 
effective method to control late blight, with 100%, 94% and 89% representing producers 
of quality declared seed, regular seed and ware, respectively (Table 3.3). A significantly 
larger proportion of farmers in Gumer district (99%) reported fungicide application as 
a prominent method to control late blight compared with 85% and 93% of the farmers 
in Doyogena and Wolmera districts, respectively. About 25% and 11% of the farmers 
also reported use of late blight resistant potato varieties and cultural methods like early 
planting and crop rotation as effective late blight management methods, respectively. 

Know-who: sources of information on bacterial wilt and late blight 
management 
The majority of the farmers (68%) mentioned that they had received some information 
on bacterial wilt and late blight from different sources. Among these farmers, the majority 
of them were QDS producers (93%), followed by regular seed producers (72%), and ware 
producers (58%). Statistically, there was a significant association between farmers who 
received some kind of information on the diseases and the type of farmers (Pearson Chi-
Square = 16.670, p=<0.001). Furthermore, the majority of the farmers in Wolmera district 
(84%) got access to information compared to 61% and 54% of the farmers in Gumer and 
Doyogena districts, respectively; there was a statistically significant association between 
farmers who got information on the diseases and their districts (Pearson Chi-Square = 
20.057, p=<0.001). This variation among the study districts may be due to the presence 
and operation of the Holeta Agricultural Research Centre in Wolmera district for more 
than three decades. 
	 Of the farmers who got information on the two diseases, most of them (64%) 
mentioned extension workers as the main source of information followed by fellow 
farmers (42%), non-governmental organizations (NGOs) (22%), agricultural researchers 
(19%) and seed producer cooperatives (11%). This seems to indicate that extension 
workers and other fellow farmers are the most important sources of information on 
potato diseases for the farmers in the study districts. On the other hand, almost equal 
proportions of QDS producers (32%) and regular seed producers (31%) reported NGOs as 

Table 3.3: Farmers’ know-what of late blight management methods.

Late blight management 
options recognized by 
farmers

% within type of farmers* % within districts*
% of total 
respondents
(n=246)

QDS
(n= 39)

Seed
(n=81)

Ware 
(n=126)

Gumer 
(n=72)

Doyogena
(n=71)

Wolmera
(n=103)

Chemical/fungicide 
application

100 94 89 99 85 93  92

Use of resistant varieties 46 25 20 18 28 29 26

Cultural methods (early 
planting and crop rotation)

5 14 10 4 11 15 11

* Multiple answers were possible as most farmers reported more than one practice. 
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important sources of information, whereas only 9% of ware producers mentioned NGOs 
as an information source. This is explained by the considerable support that NGOs provide 
to seed producers in major potato growing districts in the country. Also, about 33% and 
24% of regular seed and QDS producers, respectively, reported agricultural researchers as 
a source of information compared with only few ware potato producers (5%). This seems 
to suggest that seed producers are more likely to be targeted by agricultural researchers 
than ware potato producers.
	 Among the farmers who got some kind of information on bacterial wilt and late blight, 
most of them (83%) got information on management methods of the diseases followed by 
their symptoms (41%), their causes (28%) and modes of spread (22%) (Table 3.4). Relatively, 
more QDS farmers (54%) and regular seed producers (33%) got information on the causal 
agents of the diseases compared with only 11% of ware potato producers (Table 3.4). 
Thus, the farmers got much less information about know-why of the diseases. This seems 
to be the reason why sometimes most farmers did important things like crop rotation 
but not for disease management purpose. Likewise, more producers of QDS (46%) and 
regular seed (25%) acquired information on modes of spread of the diseases while only 
9% of the ware producers reported acquiring information on the same topic. Overall, the 
reason why most farmers reported getting more information on management methods 
than other generic aspects of the diseases seems to suggest that the information sources 
usually give more focus to management methods of the diseases than their causal agents 
and spreading mechanisms.  

Table 3.4: Kind of information that farmers received on bacterial wilt and late blight.

Bacterial wilt management 
options recognized by 
farmers

% within type of farmers % within districts
% of total 
respondents
(n=157)

QDS
(n= 37)

Seed
(n=61)

Ware 
(n=81)

Gumer 
(n=50)

Doyogena
(n=43)

Wolmera
(n=86)

Management methods 86 82 78 68 91 88 83

Spreading mechanisms  46 25 9 22 40 13 22

Mode of diagnosis   60 46 28 40 44 40 41

Causes  54 33 11 36 42 15 27
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Know-how: farmers’ management practices of bacterial wilt and late 
blight 
In this section, a variety of farmers’ practices of bacterial wilt and late blight management 
are presented considering the role of knowledge in these practices. Some practices are 
specific to each kind of disease while others are common to both diseases as described in 
the following section. 

Practice of crop rotation

Most of the farmers (95%) reported growing potato in rotation with cereals, pulses or 
other vegetables, with all QDS producers and regular seed producers practicing it. The few 
farmers (5%), who reported not practicing crop rotation, were all ware potato producers. 
Statistically, farmers’ practice of crop rotation was significantly associated with the 
category of the farmers (Pearson Chi-Square = 12.575, p=<0.002) but not with location/
district of the farmers (Pearson Chi-Square = 5.647, p=<0.059).  
 	 In relation to the length of crop rotation, nearly half of the farmers (48%) commonly 
practiced a one-season interval, with only 13% of the farmers practicing a three-season 
interval (Table 3. 5). But the number of seasons of crop rotation was significantly 
associated with the type of farmers (Pearson Chi-Square = 12.575, p= 0.002), with quality 
declared seed farmers relatively practicing more seasons of crop rotation than regular 
seed producers and ware producers. Twenty-eight percent of QDS producers, 38% of 
regular seed producers and 61% of QDS producers practiced only a one-season interval of 
crop rotation (Table 3.5). About 26% of QDS producers practiced a three-season interval of 
crop rotation compared to 15% and 8% of regular seed and ware producers, respectively. 
	 Generally, most farmers considered benefits of crop rotation in view of improving soil 
fertility to avoid yield reduction due to plant nutrient depletion from the soil. They did not 
fully recognize the role of crop rotation for controlling soil-borne diseases such as bacterial 
wilt. As a result, many farmers practiced a one-season interval of crop rotation, which is an 
ineffective practice for disease management. This is further evidenced by only 19% and 
11% of the farmers who reported crop rotation as a management practice for bacterial 
wilt and late blight, respectively, as pointed out in Sections 3.4.4 and 3.4.5. Furthermore, 

Table 3.5: Kind of information that farmers received on bacterial wilt and late blight.

Number of seasons

% within type of farmers % within districts
% of total 
respondents
(n=248)

QDS
(n= 39)

Seed
(n=85)

Ware 
(n=124)

Gumer 
(n=75)

Doyogena
(n=97)

Wolmera
(n=97)

One season  28 38 62 57 32 55 48

Two seasons  41 47 30 31 53 31 38

Three seasons     26 15 8 12 13 15 13

More than three seasons  5 0 0 0 3 0 1
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the survey revealed that none of the regular seed and ware potato producers practiced 
crop rotation for more than a three-season interval while only 5% of the QDS farmers 
applied the practice for more than three seasons (Table 3.5). 

Practice of seed potato renewal 

Renewal of seed potato is not a common practice among the majority of all type of farmers 
in the study areas. Only 13% of the farmers, the majority of whom were quality declared 
seed producers or regular seed producers, renewed seed potato during the last five 
years. Other farmers had been planting potato for an unspecified number of generations 
without changing it. Particularly, ware potato producers seemed to be less experienced 
in seed potato renewal. They did not know the generation of their seed potato as they 
had been using the same seed for over many generations. They usually retained seed for 
the next planting season from their previous harvest or bought it from the local market. 
Many farmers had a general understanding that productivity declines if the same seed 
is used over and over without being renewed. However, they did not associate it with 
management of seed-borne diseases like bacterial wilt and late blight. It was not common 
to hear farmers associating the benefit of seed renewal with disease management. This 
is also evident from the low percentage of farmers (Tables 3.4 and 3.5) who mentioned 
seed related attributes (‘planting clean seed’ for bacterial wilt and ‘resistant varieties’ for 
late blight) as management options. On the other hand, those few farmers who knew 
the contribution of seed renewal to disease management, did not necessarily renew their 
seed due to very limited supply of basic seed and high price which hindered the farmers 
from practising seed renewal.  
	 Overall, only 13%, 9% and 15% of producers of QDS, regular seed, and ware, 
respectively, used new seed potatoes within the last five years. Producers of QDS and 
regular seed who reported to renew their seed had purchased basic seed from agricultural 
research centers. However, ware potato producers just bought seed potato of unknown 
origin from local market or neighbor farmers, which had been recycled for a number of 
generations. It is important to note that this practice of renewal of ware producers is not 
effective to prevent diseases from spreading, even though a considerable number of them 
claimed to renew their seed potatoes. Statistically, there was not a significant association 
between the practice of renewing seed potatoes and the farmers’ category (Pearson Chi-
Square = 1.328, p=<0.515), or their district (Pearson Chi-Square = 3.307, p=<0.191).  

Practice of handling infected/damaged seed and ware potatoes at harvest 

Nearly all farmers (97%) reported sorting as a practice to separate infected/damaged 
potato from healthy looking ones at harvest. Usually, the farmers tried to sort both infected/
damaged seed potato tubers and ware potato from healthy looking ones through visual 



Chapter 3

86

observation. When asked what they did with infected/damaged potato tubers, about 
42% of the farmers reported that they would leave them on the field, of whom 8%, 39% 
and 54% were QDS producers, regular seed producers, and ware producers, respectively. 
On the other hand, nearly 30% of the farmers reported that they would collect and bury 
infected/damaged potato tubers sorted during harvesting, whereas about 19% of the 
farmers would throw infected/damaged potato tubers away at the farm side (Table 3.6). 
Only 3% of the farmers reported collecting and burning of the infected/damaged potato 
tubers. Thus, only few farmers properly disposed diseased/damaged seed potato and some 
farmers even thought that leaving infected/damaged potato tubers on the field would 
improve soil fertility with little regard for possible contamination of the soil by potato 
diseases like bacterial wilt. Their current practice of handling infected/damaged potato 
tubers contributed more to the spread of the diseases rather than controlling them. Most 
farmers did not know the importance of sorting infected/damaged potatoes at harvest 
from the perspective of controlling bacterial wilt and late blight. They did sorting mainly 
to separate and dump rotten or damaged potato tubers from healthy looking ones before 
home consumption, marketing or storing for seed. Furthermore, referring back to farmers’ 
knowledge of effective management methods of the two diseases (Tables 3.2 and 3.3), 
sorting diseased seed potato was not among the few management options known to 
many farmers.

Practice of rogueing and use of clean seed

The majority of the farmers (80%) mentioned that they applied the practice of rogueing 
potato plants with symptoms of bacterial wilt infection as a management method. Among 
these farmers, 68%, 81% and 82% were producers of QDS, producers of regular seed 
and producers of ware, respectively. There was significant association between practice 
of rogueing and study districts (Pearson Chi-Square=15.388, p<0.001). A significantly 
larger proportion of farmers in Wolmera district (90%), reported practicing rogueing of 
potato plant with symptoms of bacterial wilt as one of the methods to manage bacterial 
wilt, while 73% and 62% of the farmers in Doyogena and Gumer districts, respectively, 

Table 3.6: Farmers’ practice of sorting out infected/damaged seed and ware potato at harvest.

What farmers do with 
infected/ damaged seed 
and  ware potatoes

% within type of farmers* % within districts*
% of total 
respondents
(n=147)

QDS
(n= 22)

Seed
(n=52)

Ware 
(n=73)

Gumer 
(n=11)

Doyogena
(n=47)

Wolmera
(n=89)

Leave on the field 8 39 54 33 24 63 42

Collect and burn 0 4 4 5 0 4 3

Collect and burry 43 39 20 23 42 26 30

Throw away at farm side 20 13 22 14 30 14 19

Use as livestock feed 50 21 15 38 21 11 22

* Multiple answers were possible as most farmers reported more than one practice. 
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pointed out the same method. These farmers usually removed infected potato plant with 
visible symptoms and threw them at the farm side or in ditches. But such practice has a 
striking implication for spreading of the disease instead of controlling it. Thus, farmers’ 
current practice of rogueing plants with symptoms of bacterial wilt is not effective mainly 
due to lack of knowledge among farmers on the spreading mechanisms of the disease. 
Furthermore, about 26% of the farmers reported to practice planting bacterial wilt free 
seed potato. Farmers that reported planting seed free from bacterial wilt infection, usually 
tried to visually confirm whether seed potato was infected or not, without understanding 
and considering the possibility of latent infection of seeds. Thus, they thought that clean 
seed potato can be distinguished from infected seeds through visual observation. Forty-
two percent of QDS producers and 39% of regular seed producers mentioned using 
seed free from bacterial wilt compared with only 15% of ware producers. Nonetheless, 
availability of bacterial wilt free seed is questionable given the current prevalence of the 
disease, latent infection of the pathogen that causes the disease, and lack of a standard 
seed certification scheme based on laboratory testing in the country. Also, some farmers 
reported that they applied chemicals expecting that these chemicals could suppress 
bacterial wilt. As there is no chemical that can help control bacterial wilt on the market, 
it seems that they applied chemicals like fungicides or pesticides, which further indicates 
the lack of know-how among these farmers.

Practice of fungicide application

More than 87% of the farmers reported practicing fungicide application to manage 
late blight. The majority of quality-declared seed producers (97%) reported to practice 
fungicide application to control late blight as was the case for regular seed producers 
(91%) and ware potato farmers (82%). Statistically, there was a significant relationship 
between fungicide application and the category of farmers (Pearson Chi-Square= 6.569, p 
= 0.015). But there was no significant relationship between farmers’ practice of fungicide 
application and their district (Pearson Chi-Square= 3.028, p = 0.220), with 89%, 82%, 
and 90% of farmers in Gumer, Doyogena and Wolmera districts, respectively, practicing 
fungicide application to control late blight. 
	 Most farmers reported applying fungicides they got from private vendors or 
cooperative unions without understanding the efficacies of the fungicides and without 
choosing which product to use. They also did not understand late blight pressure in the 
surrounding and they simply applied when they observed the symptoms of late blight 
infection. Further, the farmers did not understand the importance of collaboration with 
neighbor farmers to reduce the inoculum pressure in the area. The most commonly used 
fungicides in the study sites were Ridomil and Mancozeb, while many farmers were not 
able to differentiate between the two kinds of fungicides. Most of the farmers reported 
to apply three to five times per season, depending on the severity of the disease and 
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availability of fungicides. In this regard, the dosage and frequency of applications were 
questionable given farmers’ limited know-how of appropriate fungicides application 
practices. 
	 Furthermore, during key informant interviews, all farmers mentioned that the farmers 
applied fungicides individually when the disease occurred without being aware of the 
importance of collective action to reduce the inoculum of the pathogen from their 
respective area. In many instances, ware potatoes and seed potatoes were planted in 
neighboring fields, but the farmers practice different time and frequency of fungicide 
applications. 

Practice of using late blight resistant potato varieties 
Potato growers in all the three districts tended to grow improved potato varieties, with 
the majority of the farmers (66%) producing improved varieties only. Across all the three 
districts, few farmers (10%) grew local varieties only, and all of them were ware potato 
producers, whereas nearly 25% of the farmers produced both local and improved  
varieties. Relatively, more farmers in Wolmera district (83%) were growing improved 
varieties only, compared with 50% and 61% of the farmers in Gumer and Doyogena 
districts, respectively, (Table 3.7). 
	 The majority of the farmers (100% of QDS producers, 97% of regular seed producers, 
and 87% of ware producers) reported Gudane as the dominant potato variety they were 
growing. Overall, three popular potato varieties, Gudane, Belete and Jalene were grown by 
92%, 45%, and 33% of the farmers that reported growing improved varieties, respectively 
(Table 8). These improved varieties were released by Holeta Agricultural Research Center 
(HARC) primarily as late blight resistant. But the farmers reported that particularly Jalene 
variety became highly susceptible to late blight, which might be due to seed degeneration 
as the farmers have been continuously growing this variety since it was released in 2002 
and its resistance could be broken by the pathogen. On the other hand, Belete variety was 
grown by 87%, 45% and 29% of producers of QDS, regular seed, and ware, respectively 
(Table 3.8). Even though Belete variety has been the most recent of the potato varieties 
released by the national research system, it has also become susceptible to late blight and 
farmers do not grow it without repeated application of fungicides. In relation to using late 
blight resistant potato varieties, farmers have better understanding of the importance of 
resistant varieties. However, since the existing potato varieties have become susceptible 
to late blight, farmers did not rely on this practice alone as an effective management 
method. 
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Use of mobile phone among farmers
Most of the farmers in the study sites (73%) owned a mobile phone, of whom only about 
2% of the farmers had smart phones. The highest rates were reported from Wolmera 
district (82%), while in Doyogena and Gumer districts 72% and 62% of farmers owned 
mobile phones, respectively (Fig. 3.1). On the other hand, among the farmers who owned 
mobile phones 81% of the farmers were regular seed producers, followed by 73% and 
68% of the farmers who were producers of QDS and ware, respectively (Fig. 3.2). Further, 
about 45% of the farmers who had a mobile phone were between 18 and 35 years, while 
only 12% of the farmers who had mobile phones were above 56 years. This signifies that 
younger farmers were more likely to own mobile phones. Furthermore, 82% of the farmers 
who owned a mobile phone attended either primary or secondary schools while only 8% 
of the farmers who had mobile phones were illiterate.
	 During key informant interviews, the farmers described as they used mobile phones to 
communicate various social issues with their family members, relatives, and other farmers 
in their community. In addition, the farmers used mobile phones to communicate with 
agricultural extension workers, district level agricultural experts, agricultural researchers 
and cooperative officers mainly to check availability of agricultural inputs, arrange 
meetings and/or field visits, access market information, and report agricultural problems, 
among others.   

Table 3.7: Type of potato varieties grown by farmers in the study sites.

Type of potato 
varieties

% within type of farmers % within districts
% of total 
respondents
(n=261)

QDS
(n= 40)

Seed
(n=85)

Ware 
(n=136)

Gumer 
(n=82)

Doyogena
(n=76)

Wolmera
(n=103)

Local varieties only  0 0 18 4 18 8 10

Improved varieties only 90 73 54 50 61 83 66

Both improved and local 
varieties

10 27 27 46 21 10 25

Table 3.8: Improved potato varieties grown by farmers in the study sites .

Major improved potato 
varieties grown 

% within type of farmers* % within districts*
% of total 
respondents
(n=236)

QDS
(n= 40)

Seed
(n=85)

Ware 
(n=111)

Gumer 
(n=79)

Doyogena
(n=62)

Wolmera
(n=95)

Gudane   100 97 87 87 97 93 92

Jalene 33 42 26 52 16 28 33

Belete 87 45 29 46 42 45 45

Guassa 0 6 15 17 0 10 9

Other improved varieties 5 2 6 6 0 6 5

* Multiple answers were possible as most farmers reported more than one potato variety. 
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Mobile phone use by farmers’ district .

Figure 3.2: 

Mobile phone use by farmers’ type.
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Discussion 

This diagnostic study was designed to examine whether farmers’ knowledge of the two 
major potato diseases, bacterial wilt and late blight, and their management methods 
hinders or contributes to effective disease management practices. The findings provide 
relevant insights regarding the requirements for developing an intervention strategy for 
smallholder potato farmers in Ethiopia. In order to be effective, such strategy 1) has to be 
community-based because of the spreading mechanisms of the diseases, and 2) needs 
to combine cultural practices with phytosanitary measures, according to recent insights 
(Yuliar et al., 2015; Champoiseau et al., 2010; Lemaga et al., 2005). 
 
Knowledge of farmers about bacterial wilt and late blight 
The study findings show that all the groups of farmers evidently had limited know-why, 
know-what, know-who, and know-how of the two diseases, when mirrored to scientists’ 
understanding of the diseases. None of the farmers recognized the cause of bacterial wilt 
to be a pathogen. Rather, the farmers erroneously reported the cause to be unrelated 
factors such as shortage of water, insects, earthworms, and waterlogging. Likewise, most 
farmers did not know the cause of late blight. They associated a causal agent of late 
blight to be abiotic factors like rainfall, humidity and cloud. This finding is consistent with 
that of Nyankanga et al., (2004) who reported that most of the potato farmers in Kenyan 
highlands associated late blight with weather conditions. Although not fully accurate, this 
is relevant knowledge, because such environmental conditions favor the development of 
the pathogen that causes the disease (Mizubuti et al., 2000; Mizubuti and Fry, 1998).
	 Unlike the causal agents of the diseases, most farmers could recognize the symptoms 
of both bacterial wilt and late blight on leaves and stem. But the majority of the farmers 
could not recognize the visible symptoms of the diseases on the seed tubers. While a 
considerable number of farmers (40%) correctly mentioned infected seed and soil to be 
mechanisms through which bacterial wilt spreads, they could not act upon this knowledge. 
Moreover, none of the farmers knew about the latent (symptomless) infection of bacterial 
wilt and hardly any of them was aware of the other spreading mechanisms of bacterial 
wilt like infected host plants, contaminated irrigation water and contaminated farm 
tools (Genin, 2010; Janse, 1996; Hayward, 1991). This limited know-why has an essential 
implication for the prevalence and management of bacterial wilt (Genin, 2010; Hayward, 
1991). Without a good understanding of its various spreading mechanisms, it is difficult to 
effectively control the disease.  
	 Regarding late blight, none of the farmers were aware of the spreading mechanisms 
of late blight. But, since the pathogen that causes late blight is mainly airborne and largely 
disperses by wind (Lima, et al., 2009), farmers should be aware that they can be affected 
by the practice of other farmers in neighboring fields. The finding signifies that farmers 
may think that their potato field is safe, despite the occurrence of the diseases in their 
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neighbors’ fields. Moreover, as a consequence, they seem not to recognize the importance 
of concerted effort to deal with the diseases. 
	 Producers of ware potato reported agricultural extension workers and fellow 
farmers to be the most important sources of information on bacterial wilt and late blight 
management. In contrast, agricultural research centers and NGOs were reported by both 
QDS and regular seed producers as major sources of information on the diseases. This 
finding aligns with the considerable support that agricultural research centers and NGOs 
provide to seed producers in the country. There are however, no differences in knowledge 
about causes and spreading mechanisms between ware potato producers and (both 
kinds of ) seed producers. The only significant difference between the groups concerns the 
know-what of crop rotation and fungicide application. There are also very few differences 
between the districts; in the district with an agricultural research centre in the area, more 
farmers recognized the diseases and practiced rogueing.
	 The overall lack of knowledge regarding causes and spreading mechanisms of 
bacterial wilt may be explained by the fact that it has only recently become a severe 
problem (Abdurahman et al., 2017; Gorfu et al., 2013) and development initiatives have 
not yet given due attention to the disease (Gorfu et al., 2013). The lack of knowledge 
regarding late blight is rather surprising because it has been the major potato disease in 
Ethiopian potato production systems for many years and the farmers have been receiving 
different forms of supports to deal with the disease. A possible explanation for this is that 
the efforts to increase farmers’ knowledge did not include all relevant learning approaches 
that are related to the different forms of knowledge. Know-what and know-why are 
learned through reading and attending trainings while know-how and know-who can be 
learned mainly through experiential learning and in social interaction (Lundvall, 1992). 
This research, as well as other reports, indicates that many seed potato producers were 
trained in potato production and disease management practices in the country (CIP, 2016, 
2013), which emphasizes particularly the know-what. Therefore, the current limitations 
regarding the other categories of knowledge underlines the need for supporting the 
farmers to learn through a combination of appropriate approaches. 
	 The know-why could be increased via for instance a training about the causes and 
spreading mechanisms of the pathogens for both bacterial wilt as well as late blight. 
Diagnostic tools or kits combined with tailor-made advices may help to effectively 
diagnose and visualize the pathogens and stimulate the farmers to take action. In addition 
to these well-known classic methods, the sharing of information about the prevalence of 
the disease may contribute to the know-what of farmers. In addition, it is crucial to provide 
farmers the room to generate the know-who and know-how for the management of both 
diseases. As these local forms of knowledge can only be generated by farmers themselves 
in the local context experiential learning, and social interaction should be stimulated.
	 The focus on seed producers in previous knowledge dissemination efforts may 
appear to be reasonable given the limited supply of quality seed in the country (Schulz et 
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al., 2013; Hirpa et al., 2010; Gildemacher et al. 2009b). But in view of an effective disease 
management effort, QDS and regular seed producers may not succeed in controlling 
the diseases if ware producers’ practices continue to increase disease inoculum in their 
surroundings. Therefore, for effective management of both diseases, this finding indicates 
the importance of involving ware producers in learning interventions.  

Farmers’ practices related to their knowledge
The findings of the study indicate that all three categories of farmers had better know-how 
of effective management methods for late blight such as use of fungicides and resistant 
potato varieties than for bacterial wilt.
	 For bacterial wilt, the dominant management practice reported by all categories 
of farmers was rogueing of plants with symptoms of disease infection. But this practice 
alone is not effective in controlling the disease if it is not combined with other cultural 
practices like crop rotation, soil amendment, and phytosanitation. This study also found 
that the farmers were just uprooting and throwing the infected plants away at the 
farm side or in ditches which could have serious implications for spreading the disease 
instead of controlling it. This further confirms that the know-how of the farmers is 
limited. Unexpectedly, QDS producers also reported the same practice which makes the 
practicality of the zero-tolerance level of bacterial wilt that currently stipulated in the QDS 
scheme questionable (ESA, 2015) and has striking implications for the quality of seeds 
produced by these group of farmers. Some farmers also mentioned the use of quality 
seed to control bacterial wilt. However, given the current prevalence and embedding of 
the disease in the country’s seed system (Abdurahman et al., 2017; CIP, 2016; Gorfu et al., 
2013) and due to a lack of formal seed certification system in the country (Schulz et al., 
2013; Hirpa et al., 2010; Gildemacher et al., 2009b), the seed potatoes that the farmers 
receive may be infected with bacterial wilt. In addition, farmers’ practice of crop rotation 
was found to be ineffective from the perspective of bacterial wilt control. They mostly 
practice one-season interval of crop rotation while the requirement for QDS producers is 
at least three seasons of rotation with non-host plants (ESA, 2015) and five to seven years 
of crop rotation are recommended for effective elimination of the inoculum from infested 
soil. Also the farmers did not renew seed potatoes for many years and they continued 
to plant seed potatoes of unknown generations and none the farmers, not even most 
QDS producers, could tell the generation of seed potato they were planting. Particularly, 
for producers of ware potatoes who mainly use farm saved seeds as planting material, 
this practice coupled with short interval of crop rotation increases Ralstonia solanacearum 
build up in their potato fields.   
	 Regarding late blight, most of the farmers (87%) practiced application of fungicides. 
However, the farmers did not recognize what type of fungicides (contact or systemic 
fungicides) to use and when to apply. Farmers did not apply fungicides before they 
observed the first symptoms of late blight on the potato plant, which is ineffective in 
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controlling the disease as the pathogen spreads quickly. Despite the availability of various 
decision support systems (DSS) that can help farmers optimising the use and timing of 
fungicide applications in developed countries (Shtienberg, 2013; Wharton et al., 2008), so 
far none of them has been introduced to Ethiopia. The farmers still spray fungicides in a 
conventional way and hence often with limited success in controlling the disease. 
	 These findings show that the farmers’ practices are somewhat informed by know-what 
of disease management: the majority of the farmers applied some crucial management 
strategies such as application of fungicides for late blight control, rogueing of plants with 
symptoms of bacterial wilt infection, and planting late blight resistant potato varieties 
for disease management reasons. Their knowledge is however too limited to apply these 
measures in an effective way. This stresses the conclusion above, that additional know-
how is necessary to perform these practices effectively for disease management purpose. 
Moreover, some other practices that are also relevant for management of the diseases (like 
crop rotation, and sorting of infected potatoes) were undertaken for other than disease 
management reasons. This indicates that additional know-why may increase the value of 
these practices for farmers and stimulate them to understand their multiple functionality. 
It, hence, seems useful to develop a learning approach in which the know-why is locally 
generated and embedded and integrated with the know-what.

Implications for a community-based intervention and monitoring 
approach
The finding of this study has important implications for the development of a community-
based approach to effectively deal with bacterial wilt and late blight in Ethiopian potato 
production systems. 
	 Addressing the above mentioned limitations of farmers’ knowledge is imperative for 
effective disease management. That is, the farmers need to learn about different aspects 
of the diseases including, causes, diagnosis methods, spreading mechanisms, effective 
management methods and how to integrate these into their daily practice, and importance 
of concerted effort, among others. To learn to manage the diseases in an effective way 
the conventional methods of training and instructing farmers may not suffice. In order to 
stimulate the development of all relevant forms of knowledge, farmers themselves need 
to be stimulated to generate and revise local knowledge in an experiential and interactive 
learning approach.
	 Such learning to do things differently is a process (Beers, et al., 2016) that needs to 
be integrated into the community-based strategy. A good start for stimulating farmers 
to be openly involved in such a learning process may be to raise their awareness of the 
interdependency among them in the local area. A relevant second step may be to define 
what concerted action may lead to quick improvement in this area and how monitoring 
would help them to recognize the effectivity of the farmers actions. What combination 
of measures fits in the cultural and ecological context of a specific community can be 
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investigated in this way by farmers and experts. This exploration may stimulate the 
farmers to undertake these concerted actions. 
	 Further, for the community-based intervention to be enabled, enforced and evaluated, 
an institutional arrangement at community level may be important (Ostrom, 1990). That 
is, the farmers can mutually agree on operational standards of what should be done and 
should not be done, from the perspective of disease management specifically and potato 
production more generally. 
	 For bacterial wilt, the following phytosanitary and cultural management practices 
could, for instance, be integrated and stipulated in the bylaws as operational standards: 

•	 Practicing crop rotation with non-host plants and with appropriate rotation length;  
•	 Rogueing and burning potato plants with symptoms of bacterial wilt infection;
•	 Eradicating host weeds from potato fields and irrigation canals; 
•	 Decontaminating farm tools before using for potato cultivation and harvesting;  
•	 Making diversion ditches to prevent surface run-off from infected field
  
Similarly, for late blight, the following management practices could be translated into 
operational standards to be confirmed by the farmers. 
 
•	 Applying the right dose and type of fungicides at the appropriate time; 
•	 Cutting foliage two to three weeks before harvesting;
•	 Destroying volunteer potato plants that can be sources of late blight inoculum;

If the farmers have come to an agreement, it is important to track to what extent farmers 
are changing their practices in line with the operational standards. An ICT-based platform 
may support monitoring of the community-based intervention and disease occurrence. 
A first function of an ICT-based platform hence would be to monitor and account for 
their practices towards one another. Additional purposes of a platform could be 1) early 
warning of prevalence and spreading of the disease; 2) provision of contextualized 
advices; 3) provision of generic information; 4) evaluation of practices; by investigating 
which practices seem most effective, practical and affordable and why to be able to 
change direction if needed.
	 The platform could make use of mobile phones, since the study shows that the 
majority of the farmers in the study sites were using these devices to communicate on 
various social issues and access different kinds of information. This result is consistent with 
the findings of  Agricultural Transformation Agency (ATA) (ATA, 2013 ) that reported rapid 
expansion of mobile phone use in Ethiopia and seems to suggest that mobile phone can 
be tapped into for bacterial wilt and late blight diagnosis and management in the study 
sites. Several studies have also reported the potential role that mobile-based platforms 
can play for agricultural development in many developing countries (Asenso-Okyere 
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and Mekonnen, 2012; Aker, 2011). Mobile-based technologies such as voice call, Short 
Message Service (SMS) and Interactive Voice Response (IVR) are commonly considered 
more appropriate and promoted for agricultural information sharing and enabling 
collective action in smallholder farmers context in many developing countries (Asenso-
Okyere and Mekonnen, 2012; Aker, 2011) . Similarly, some mobile-based initiatives have 
been implemented in Ethiopia by the ATA and the Ethiopian Commodity Exchange (ECX) 
to support agricultural extension service and provide market information, respectively 
(Meijerink et al., 2014; ATA, 2013).  
	 On the basis of this study, we surmise that mobile phones can have an added value in 
the process of information sharing in a community-based approach and potato farmers 
can learn about effective disease management methods through SMS, voice call or 
IVR. Disease occurrence can also be possibly monitored and exchanged in these ways. 
Specifically for late blight, mobile phone can serve as a means for timely information 
sharing among farmers regarding the occurrence of the disease and for receiving 
timely information on when to apply fungicides based on proper prediction of disease 
occurrence. Practices could be reported and summaries of achievements can be shared via 
the phones. A platform needs to be developed in order to be able to collect and interpret 
data regarding both diseases, for the exchange of information among the farmers, for 
the development of advice, et cetera. But, it is important to consider farmers’ need and 
context as such platforms can be constrained by many factors like network interruptions 
in rural areas and costs of communication. 
	 In sum, it seems that a mobile-based platform can leverage a community-based 
intervention for effective bacterial wilt and late blight management in the study sites. 
Such monitoring would serve three goals: 

1.	 Stimulate a learning process in which know-why, know-what, know-how and know-
who become closely connected and adapted to the local context, by reflecting 
on what works and what does not work in the specific context and change the 
standards accordingly; 

2.	 Stimulate collective action, by increasing trust among farmers and show that their 
efforts are worthwhile and sanction free-riders;  

3.	 Connecting professional expertise of agricultural extensionists and researchers with 
farmers in need for advice in specific situations. 
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Conclusion 

The study has provided new insight into farmers’ knowledge of bacterial wilt and late 
blight in Ethiopian potato production systems. The study has indicated that farmers have 
limited know-what and know-why as well as know-who and know-how to effectively 
deal with the diseases in their specific local context. Regarding the first two types of 
knowledge, there were significant incongruences between scientific explanations and 
farmers’ understanding of the diseases and practices to deal with them. Further, the study 
has shown that farmers’ practices contribute to the spreading of the diseases rather than 
effectively manage them due to a lack of relevant and applicable knowledge among 
farmers. Previous extension efforts have not had the desirable effect although farmers 
had relatively better know-what and know-how of late blight than bacterial wilt. 
	 Overall, given the current prevalence of the diseases and their diverse spreading 
mechanisms, there should be an emphasis for a community-based approach with due 
consideration of the social and biophysical dimensions of the diseases. The proposed 
community-based approach should comprise four basic elements 1) interactive learning, 
2) combination of effective management practices (phytosanitation and cultural 
practices), 3) bylaws and 4) monitoring by leveraging mobile-based technologies on a 
digital platform. Farmers’ knowledge of the diseases, which informs their management 
practices, needs to be enhanced in a learning approach that integrates generic and 
local knowledge. Moreover, the farmers need to act collectively and integrate several 
management practices in their efforts towards dealing with each disease. To enable a 
collective action among the farmers, community-based bylaws with mutually agreed 
upon operational standards can be a good institutional arrangement. Appropriate 
mobile-based technologies such as voice call or SMS can support the monitoring of the 
changes in farmers’ practices and the prevalence of the disease.  
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Chapter 4

Governing a collective bad: 
social learning in the management 

of crop diseases14



There has been strong research interest in designing and testing learning approaches 

for enhancing and sustaining the capacity of communities to manage collective 

action problems. Broadening the perspective from well-known social learning 

approaches in natural resource management, this study explores how social learning 

as a communicative process influences collective action in contagious crop disease 

management. A series of facilitated discussion and reflection sessions about late 

blight management created the social learning space for potato farmers in Ethiopia. 

Communicative utterances of participants in the sessions served as the units of 

analysis. The study demonstrates how and to what extent social learning, in the form 

of aligned new knowledge, relations and actions occurred and formed the basis for 

collective action in the management of late blight. 

Keywords: 

Crop disease; Late blight; Social learning; Collective action; Communication
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Introduction 

Potato late blight disease represents a serious problem for farmers in almost all major 
potato-growing areas (Tsedaley, 2014; Mekonen et al., 2011; Kassa and Beyene, 2001). On-
station studies estimate yield loss1 in Ethiopia to range from 6% to 100% depending on 
the level of susceptibility of the variety (Guchi, 2015; Mesfin and Woldegiorgis, 2007). As 
late blight is air-borne and the causal agent (Phytophthora infestans) travels across farm 
boundaries, it is not just a problem of an individual farmer but a collective problem of all 
farmers in a geographical area (Miller et al., 2006). The propensity of late blight pathogen 
to traverse farm boundaries means that control efforts by any farmer confer a benefit 
to other nearby farmers. It also means that lack of control on any property stimulates 
the development of the epidemic and thus imposes costs or losses on other properties 
(Graham et al., 2018; Marshall et al., 2016). Miranowski and Carlson (1986), in their seminal 
work, stress the critical role of the mobility of diseases and pests in designing collective 
management responses. Accordingly, the search for solutions and management practices 
should take into consideration, on one hand, technical effectiveness and, on the other 
hand, institutional mechanisms that stimulate and facilitate collective management at 
the appropriate scale (Graham et al., 2018; Zamani et al., 2018; Marshall, 2011). To this 
end, there is a well-established research effort in designing and testing approaches aimed 
at enhancing collective capacity in the management of agricultural pests and diseases, 
generally engaging farming communities in a variety of communal management practices 
(Hegde, 2017; Christmann et al., 2015; Biedenweg and Monroe, 2013a).
	 In the broader field of socio-ecological systems, stimulating social learning is a 
common recommendation for developing and sustaining the capacity of managing 
collective action problems(Mostert et al. 2007; Pahl-Wostl and Hare 2004; Rist et al. 2003; 
Schusler et al. 2003; Leeuwis and Pyburn 2002; Wollenberg et al. 2001). In this body of 
literature, social learning is extensively examined as a conceptual and methodological 
approach in facilitating knowledge generation and in forging new types of social 
relationships among resource users that have to deal with collective action problems. 
Conceptual perspectives on social learning predominantly take learning as an outcome 
or end result. Consequently, there is limited insight into salient processes and interactions 
that trigger a change in individual or collective decisions and actions in the management 
of socio-ecological problems (Amanda et al. 2018; Beers et al. 2016; Pahl-Wostl 2007). 
Furthermore, there is a tendency to limit social learning outcomes to consensus or 
agreements (as ‘identification of adaptation options’, ‘agreement on a common purpose’ 
or ‘design of governance processes and arrangements’) providing little information on 
whether such agreements instigated action in actual practice. (e.g. Graham et al. 2018; 
Hegde et al. 2017; Christmann et al. 2015; Scholtz et al. 2014).   

1	 We were not able to find studies that tried to quantify yield loss at farm level
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Another significant feature of this type of research is the implicit assumption that some 
sort of recognition of the ecological or biophysical aspect of a collective problem exists 
among appropriators or public good providers  (Bell et al., 2016; Cárdenas et al., 2015; 
Brugnach et al., 2011). With this background, the focus of research is often directed towards 
understanding ‘how’ or ‘in what circumstances’ social learning facilitates knowledge 
generation and sharing among common pool resource users as well as the social relations 
necessary for effective collective action on an already recognized collective problem. Such 
framing poses a particular challenge for the management of contagious crop diseases like 
late blight. The collective nature of the problem can be unclear to farmers due to the poor 
visibility of the life cycle and mobility of the pathogen, particularly when compared to 
other common-pool resources (e.g. forest, fish, irrigation management) or ‘public bads’ 
(e.g. invasive weeds, migratory pests). As a consequence, previous research in the study 
area indicated most farmers do not recognize late blight as a collective problem, mainly 
seeing it as a private bad (Shiferaw et al., 2018). Against this background,  we consider 
that social learning approaches for disease management need to pay sufficient attention 
to learning about key technical aspects of diseases that are characterized by less visible 
dynamics in the eyes of farmers (e.g. involving oomycete, viruses, bacteria, fungi) and this 
could play a crucial role in redefining the nature of the problem.
	 By taking a process-oriented perspective to learning, this study aims to understand 
how collective action in late blight management develops in a social learning process. It 
shows how social learning emerges in an organized learning space for potato farmers in 
Ethiopia and how it effects collective action of these farmers. In this way, it intends to offer 
fresh theoretical and practical perspectives on contagious diseases such as potato late 
blight as a collective bad and, correspondingly, the role of social learning in crop disease 
management.   
	 The paper is organized as follows. Section 4.2 presents a detailed synthesis of our 
conceptual framework on collective action and social learning setting the scene for our 
research questions in the same section.  Section 4.3 provides details of the research 
methodology where the case study context is also described. Our research findings are 
presented in section 4.4 and then discussed in section 4.5, followed by conclusions in 
section 4.6.

 Conceptual framework

Collective action in natural resource management 
Drawing upon Olsen’s (1965) notion of a collective good, Marshall (1998) defines collective 
action as an action taken by a group, either directly or on its behalf by an organization, 
in pursuit of members’ perceived shared interests. Whether a particular collective action 
concerns a public good or a public bad is an empirical, subjective issue because resource 
users may either suffer from a bad or fail to benefit from a good (Hardin, 2015). This 
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perspective entails that while contagious diseases like late blight are generally presented 
as a public bad that needs to be prevented, collective action provisions towards their 
management can also be regarded as a public good. In either perception, recognition of 
the collective nature of the disease is important, as was stated in the introduction.
	 In public good governance in the realm of agriculture and natural resource 
management, two types of collective action are distinguished: (1) cooperation: bottom-
up, farmer-to-farmer collective action; and (2) coordination that is characterized by 
a top-down, agency-led collective action approach (Poteete et al., 2009; Davies et 
al., 2004). Broader debates around the development and success of collective action 
focus on key performance factors and barriers to be addressed to produce benefits 
from collective action. Hence, successful initiatives must overcome the most common 
barriers to collective action (Uetake, 2012; Davies et al., 2004). In this regard, a range of 
substantive factors can govern the performance of collective action initiatives (Poteete 
and Janssen, 2009; Heffernan et al., 2008). Collective action is, first, highly affected by the 
characteristics of the natural resource (type of good) involved and on the knowledge and 
the predictability of the resource. The successful integration of knowledge is key to enable 
communities to govern their public good/bad in a sustainable way (Pahl-Wostl et al., 2009; 
Pretty 2003). Second, the social dynamics of the group involved, their shared interests and 
voluntary actions to pursue those shared interests are also significant. In these dynamics, 
community members should also improve their social relationships to overcome their 
collective problems (Meinzen-Dick et al., 2004). As Ostrom (1990) highlighted, collective 
action is also determined by institutional arrangements, involving both locally devised, 
simple rules and effective monitoring and sanction systems. 
	 In the light of the above, it can be argued that the achievement of collective action 
in the management of crop diseases like late blight involves significant changes in two 
dimensions: a change in technical knowledge about the nature of the disease and a shift 
in social and institutional arrangements (Deuffic and Candau, 2006). As illustrated in the 
next sub-section, the important challenges or success factors discussed here strongly 
relate to the central role of social learning in the transformation of knowledge, norms and 
rules amongst resource users in collective action initiatives (Leeuwis and Pyburn, 2002; 
Röling and Wagemakers, 2000).  
 
Social learning: technical and relational dimensions 
Social learning is a broad concept and is operationalized differently in different disciplines 
and contexts (Koontz, 2014). In the domain of natural resource management, social 
learning is essentially appreciated as occurring when people are brought together to 
share perspectives and experiences to develop a common framework of understanding 
as a basis for joint action (Reed et al., 2010; Pahl-Wostl et al., 2009; Schusler et al., 2003). 
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The literature broadly distinguishes between technical2 and relational dimensions of 
social learning (Phuong, 2017; Koontz, 2014; Scholz et al., 2014; Woodhill, 2010; Pahl-Wostl 
et al., 2007; Bouwen and Taillieu, 2004; Campilan, 2002). The technical dimension concerns 
new knowledge or insights that relate to the natural or biophysical aspect of the problem 
situation. The relational aspect refers to emergent social properties, such as establishing 
new relations, breaking existing relations, and building trust and commitment to a 
group vision as groups become aware of their mutual interdependencies (Beers, 2016; 
Koontz, 2014; Reed et al., 2010). In this regard, the technical learning dimension relates 
to addressing the first determining factor for the success of collective action, namely 
knowledge about the nature of natural resource at hand. The relational aspect of social 
learning conforms directly with social competencies needed to deal with the second 
collective action performance-influencing factor. Social learning is also about creating 
opportunities for institutional change,  relevant in the governance of collective action 
problems. (Gerritsen et al., 2013; Scholz et al., 2013). Correspondingly, we argue that apart 
from normative institutions (e.g. issues of trust, reciprocity), regulative institutions as in 
the form of defining or redefining of rules of engagement for collective action fall within 
the relational sphere of social learning.
 
Social learning as a communicative process with outcomes
A salient notion in the conceptualization and operationalization of social learning relates 
to seeing learning as a process and/or an outcome. As stated before, in the natural resource 
management domain, social learning is often defined in relation to a wide range of 
potential outcomes it may have (Biedenweg and Monroe, 2013a; Scholz et al., 2014; Paul-
Wostl et al., 2007). The essence of considering social learning as a process with outcomes 
has been highlighted in literature informed by learning theories from other fields like 
educational science and organizational learning (Beers et al. 2016; Biedenweg and 
Monroe, 2013b; Senge, 2006). Different learning processes can relate to different learning 
outcomes and an outcome is preceded by various framings, communicative interactions 
or coalition building processes (Van Der Stoep et al., 2016; Pahl-Wostl, 2002; Joss and 
Brownlea, 1999). Hence, one way of making claims about tangible outcomes of social 
learning is tracking communications and explaining the context in which it was observed 
(Rodela, 2013). By examining communication among participants, it is possible to unravel 
how learning processes lead to tangible outcomes (Beers et al., 2016; Rist et al., 2006; Pahl-
Wostl and Hare, 2004; Lamerichs and Molder, 2002). This constructivist approach regards 
communication not merely as a process of getting a message across, but as a phenomenon 
in which those involved construct meanings in interaction (Leeuwis and Aarts, 2011; Aarts  
 
2	 For what we call the technical aspect, different terms are used by social learning scholars 

such as content aspect, task-oriented dimension, biophysical aspect, ecological processes, 

environmental functions, natural environment, etc.  
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and van Woerkum, 2008; Te Molder and Potter, 2005). Communication itself is regarded 
as an (inter)action that has direct consequences for the social and material world (e.g. 
relations may be damaged, parties no longer meet, violence may emerge, etc.). From a 
communication perspective, collective action is, therefore, dependent on a change in 
communication, representations, and storylines that are mobilized by interaction (Bentley 
et al., 2018; Leeuwis and Aarts, 2011). 
	 Assuming that social learning takes place in communicative activities, means that it 
must become visible in, and can be identified in communication. As Beers et al., (2016) 
highlighted the knowledge, relational and (collective) action dimensions are aspects of 
the content of the communication (i.e., what people talk about) and the social learning 
process is a communicative activity that aligns these three dimensions. 
	 There is a distinction between (collective) action in communication, in the form of 
agreements, proposals or decisions and physical (collective) action (actual implementation 
of agreements on the ground) (Beers et al., 2016).  While collective action in the form of 
agreements is treated in our study within the communicative aspect of social learning, the 
actual implementation (physical action) of the communicated agreement is regarded as 
an external outcome or impact of social learning. In view of our conceptual disposition, 
social learning is, therefore, a communicative process in which new or changed technical 
knowledge, social relations and suggested actions become aligned and may turn into 
collective agreements. As depicted in Figure 1, these learning outcomes may further 
effect collective action in the management of late blight. 

Figure 1: 

Conceptual framework with perspectives from Beers et al. (2016), Bentley et al. (2018), Ostrom 
(1990); Scholz et al. (2013) and Rodela (2013).
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Informed by the literature gaps highlighted in the introduction and our conceptual 
framing as well as the case study to which it is geared, this study addresses the following 
research questions:

Main research question: How does social learning as a communicative process influence 
collective action in late blight management by farmers? This main research question is 
sub-divided into:

1.	 How do aligned technical knowledge, relations and suggested actions emerge in 
communicative utterances and relate with collective agreements? 

2.	 To what extent and how do collective agreements translate into collective actions in 
the management of late blight?  

 Methodology 

Case study context 
The case study was conducted in a village (Goro) found in Wolmera district of Ethiopia’s 
Oromia regional state. The village was selected considering issues such as production 
potential (it is designated as ‘potato cluster’ by the district), accessibility and the existence 
of suitable adjacent potato plots to justify collective risk situation. A total of  33 potato 
farmers participated in the case study. The livelihood of most farmers in the study area 
is primarily dependent on the cultivation of potato but also on other cereals and pulses 
such as wheat, barley, beans and chickpea. Most of the participant farmers are ware 
potato producers whereby they use a small portion of their produce for household food 
consumption and sell the rest in local markets as food potato. There was a seed potato 
producing cooperative in the area that only a few of the farmers used to participate in. The 
district office of agriculture was in charge of organizing the cooperatives and facilitating 
access to input supply and market outlets to other potato producing areas in the country. 
As it is further illustrated in the result section, there had been some trust issues between 
the farmers and the district office of agriculture, and among the farmers themselves that 
had consequences to the social learning process and outcomes.

Setting up a social learning context 
From a methodological perspective, social learning takes place in an ongoing chain of 
interactions, such as face-to-face meetings. These interactions offer a communication 
space for knowledge generation and sharing, social action and reflection (Beers et al., 
2016; Leeuwis and Aarts, 2011). The communicative interaction can be a spontaneous, 
self-organized natural process or something induced and guided by an external facilitator 
(Koontz, 2014). Well-known strategies to facilitate interactions include the organization 
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of discussion and reflection meetings. In addition, practical actions and experiments 
to visualize unknown biophysical processes with the help of discovery learning tools 
can be relevant communicative strategies for supporting social learning if they elicit 
communication (Leeuwis and Aarts, 2011; Loorbach, 2007; Leeuwis et al., 2002).  
	 A potato scientist, with support from the community extension worker, facilitated 
the technical learning sessions and the first author of this paper facilitated the reflexive, 
follow-up meetings. Following Ford’s (1999) suggestion, the design of the learning 
context was arranged in such a way that it provided generic themes that guided the 
unfolding conversations around different technical or social issues in relation to late 
blight management. In this regard, the social learning context was configured through 
concurrent technical (conceptual and practical) sessions and reflexive meetings that were 
meant to inspire discussions, learning and collective action in the management of the 
disease. There was a total of ten such learning sessions that contained technical sessions 
with reflexive follow-up meetings. Each learning session took an average of two and 
half hours. The first two sessions were focused on disease dynamics (definition, cause, 
symptoms and spreading mechanisms) and opportunities for disease surveillance. The 
remaining eight sessions, spread across the four-month growing season of the potato crop 
(June-September), were designed to facilitate social learning as participants were able 
to exchange perspectives, negotiate, discuss success and pitfalls, and agree or disagree 
around different technical and relational issues in the management of the disease.  As 
listed below, most of the learning sessions had three major parts; the first part was 
covered mainly in the technical sessions and the other two during reflective meetings. 
However, as different discussion topics were interrelated, there were apparent overlaps of 
the discussion agendas across the learning sessions.   

•	 Facilitated discussion and field practical observation on the disease and its 
management 

•	 Report and reflection session on activities since the previous learning session
•	 Deliberation on activities before the next learning session    

The technical sessions provided a learning space on less visible biophysical aspects of 
late blight, such as signs and symptoms, causal agent and spreading mechanisms. A 
magnifying glass, YouTube videos and potato sizing squares were used to showcase 
and initiate discussion around late blight spreading mechanisms, symptoms and seed 
selection as management practices. Practical sessions on some relevant late blight 
management options took place through observation and discussion on plant growth, 
weather conditions and on how to implement different management options. The 
practical sessions were partly informed by CIP (International Potato Center) previous 
learning material (Cáceres et al., 2008).  For the technical learning sessions, a small 
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community-managed plot (30m2 x30m2) was secured from a farmer and was planted with 
a third-generation potato seed provided by Holeta Agricultural Research Center. 

Data collection
Utterances from the ten learning and reflexive meeting sessions were fully captured to 
particularly answer our first research question on how social learning outcomes as an 
alignment of changed knowledge, relations and actions were developed in participants’ 
communicative utterances. Continuous documentation and audio recording were made 
on each learning session in which different learning themes about the disease and its 
management were covered. During these facilitated sessions, particular attention was 
given to participants’ reflections on new insights related to the disease; the way they 
made sense of their existing knowledge or practice in view of new information; and how 
and what social or technical practices they thought had to be unchanged or modified in 
the management of late blight. Plenary field discussions during the technical learning 
sessions and follow-up, reflexive meetings (which together constituted one learning 
session) were important deliberative spaces for generating this information. Data for our 
second research question that assessed the extent to which social learning outcomes were 
translated into collective actions on the ground was obtained from a monitoring sheet 
that was filled in and presented by a monitoring committee during the reflexive, follow-
up meetings with all participants. The monitoring sheet captured information on farmer 
name; type of collective practice; date of monitoring; way of communication; adherence/non-
adherence; measures taken. The researchers’ field observation and participation in some of 
the monitoring work were additional sources of information.  

Data analysis
The study report is based on analysis of extensive meeting notes or verbatim meeting 
transcripts. Thus, our units of analysis are transcribed utterances of participants during the 
learning and reflexive meetings. Each social learning event was regarded as a particular 
communicative space containing various utterances of participants and hence fully 
transcribed verbatim. As different learning themes around the nature of the disease and 
the management options did not necessarily begin and end with the learning sessions 
and usually went beyond more than one session, all discussions from the different learning 
sessions that related to a particular theme (e.g. fungicide spray) were openly coded on 
Atlas.ti software. Accordingly, we defined five themes in the communication: nature of the 
disease, fungicide use, late blight resistant and clean seed potato, killing/rouging volunteers 
and dehaulming.  
	 The second stage, axial coding followed, drawing on our conceptual line of thinking 
on social learning as an alignment of new or changed knowledge, relationships and 
actions. In doing this, all quotes under the five codes were analyzed for text segments in 
which new or changed technical knowledge, relation and suggested management actions 
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and practices were aligned. In nine data segments, the three dimensions had become 
aligned, leading to a collective agreement. These segments were taken as evidence of a 
process of social learning and are discussed as emergent sub-topics under the different 
codes. Collective agreements that followed upon such moments of alignment were 
regarded as the first outcomes of social learning. Finally, the analysis of the translation of 
collective agreements into physical collective action was based on the information from a 
monitoring report by the farmers’ committee and the notes from follow-up discussions in 
the reflexive meetings.

Results

The results section consists of three major parts. The first two sections (4.4.1 and 4.4.2) 
present how the social learning process as a communicative interaction led to social 
learning outcomes across the different discussion topics entertained in the learning and 
reflective sessions. The third section (4.4.3) presents a summary of the level of translation 
of the social learning outcomes into collective action.  

Learning about the nature of the disease
Discussions about the disease in relation to its cause, symptoms and spreading 
mechanisms sparked different kinds of relational and action-oriented discussions. As can 
be seen from Figure 2, utterances about the disease shifted from regarding late blight as 
a weather problem to regarding it as a disease with multiple infection sources. During this 
initial stage of the learning sessions and particularly in the first two sessions, new insights 
about the cause3 and spreading mechanism brought the issue of interdependency 
among neighboring farmers to the center of conversations. The realization of late blight 
as a communal problem provided many of the participants a new lens on the way they 
see farmer-to-farm relationships in the management of late blight. There were marked 
comments on how farmers could be affected by the situation on neighboring farms and 
what can be done about the disease.  As many stressed the importance of cooperation 
in managing the disease, a proposal was made by a few farmers, and endorsed by all of 
the other farmers present, to involve other farmers in the community that were not in the 
meetings. Table 1 shows how this collective agreement was related to alignment of the 
three dimensions of the topic in the learning process. The proposition from this group of 
farmers was based on articulations of their understanding of the contagious nature of the 
disease and their apparent practical observations of how their field had been infected  
directly after they had observed symptoms on adjacent fields. 

3	 The causal agent (Phythophthora Infestans) is an oomycete but that in practice it 
is usually called a fungus and therefore the chemical controlling it is not called an 
oomycide but a fungicide.
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An interesting proposal that followed discussions on late blight transmission and the 
communal risk of the disease was the importance of monitoring late blight incidence 
beyond their individual farms. Even though all farmers inspected their own fields to a 
different degree, an agreement that a group of neighboring farmers should team-up for 
an early morning joint field scout was accompanied by statements about the communal 
risk nature of the disease and the need for adjusting existing individual-based practice in 
monitoring. The joint field scout was an idea that was particularly pushed by a few former 
seed-producing farmers who had experience of crop disease monitoring. 
	 Conversely, some farmers argued they could control the disease on their field, 
irrespective of what is happening on neighboring farms. As can be observed in some of 
the statements below, their choice to continue working individually was mainly heralded 
by utterances of their previous experience of keeping the problem at bay by optimal 
spraying, despite their belief that late blight is a contagious disease: “I am always well 
prepared with chemicals; my field is usually safe when neighboring fields are hit with Wag 
[late blight]”...“As Baysa said, if I spray enough I can protect my own field”....“The owner himself 
can control it daily; it doesn’t cause that much problem.” Of these five farmers, all but one 
eventually decided not to be part of the collective monitoring work and missed the 
subsequent learning and reflexive sessions. 
	 Different statements disclosed that the farmers, in general, had experience with 
some sort of monitoring in their diverse social endeavors, such as community health and 
security matters. A fascinating relational issue that was raised and discussed before an 
agreement was reached on joint monitoring was how to deal with the existing traditional 
view that strangers entering crop fields leads to a drop in productivity. This was particularly 
raised by some younger farmers as a potential problem for traditional or superstitious 
members of the community. Although none of the farmers openly said that they did not 
want other farmers to enter their farm, they all generally acknowledged this as an existing 
belief that might pose a challenge to joint late blight monitoring. As illustrated in Table 
2, the discussion around this issue was concluded with a collective agreement that all 
farmers should welcome a monitoring committee or a neighboring farmer in the field 
scout team.  

Table 1: Learning to bring on board other farmers in the community.

Technical “This is new information to me. I never thought that late blight can spread from field to 
field. I never cared unless I see it on my own field.”

Relational “Just like communal livestock grazing fields and water channels management, we also 
affect each other with late blight.” 
“Listen please; the disease can spread from his farm to my farm. What are we going to do 
about the other farmers who are not here?”
 “I have a neighbor, she barely looks after her field. She has never come to our meeting. We 
are sharing a boundary and she should be part of our concern.”

Action “Whether they belong here or not, they need to be told.”
“We will not persuade other farmers who are not here, but we should advise them with 
love to join our group.” 
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The idea of what to do with non-compliance was initially brought to the attention of 
farmers by the facilitator after farmers had decided to introduce team monitoring of 
late blight incidence. The majority of the farmers were not enthusiastic about sanctions 
in response to non-compliance, saying everyone should monitor late blight and that 
sanctions might create friction. Some farmers were less optimistic about compliance and 
argued that rules were needed: “we can’t be 100% sure that he [a specified farmer] will keep 
his promises. That is why we need a committee and also the rules.” Another farmer added, 
“Any kind of job which will be done in a group must have a ground-rule. If you are a problem 
for me, we need a common agreement that will prevent you from becoming a problem.” On 
the contrary, most farmers agreed with the views of two farmers who stressed “We now 
know the disease risk, and everyone will do it for their own benefit” ... “if there are people who 
don’t participate in the monitoring, it is better to advise them with love than force them.”  

As illustrated here, discussions about the disease and its infectious nature led to two 
social learning outcomes. First, new technical knowledge about the cause and spread of 
the disease, reflection on their individual monitoring practices and a new way of seeing 
farmer-to-farm relationships in managing late blight facilitated the agreement to bring 
other non-participant farmers into their joint work. Second, a shift from seeing late blight 
as a private problem to a collective problem (new insights on the risk of late blight spread) 
steered discussion around cooperation and how to deal with an existing belief (bad luck) 
that led to a proposal for a joint field scout and establishment of a monitoring committee.

Table 2: Learning about team field scouting and collective monitoring of late blight incidence.

Technical “The disease can jump from another field to my field that is a problem!”
“Some farmers only check their field every three days and some, like Negash, check every 
morning; this is a problem.”

Relational “We can see each other’s field. If Adugna doesn’t see his farm, I have to see it as I don’t 
want the disease to be transmitted to my farm.”
“We can have a group of two or three farmers next to each other to check all the farms 
together or when others are not available.”
“We usually have committees; we even used to have a committee for monitoring Gind 
ateweleg (bacterial wilt) as seed producers.”
“One thing that we need to talk openly here is that some of us would have an issue of 
letting other people into our farm.”
“It is from a cultural view, you will be fearful to visit others farm from the culture”
“Yes, we shouldn’t cover this up, we may agree here but when we go for implementing that 
would be a challenge.”
“It might not be a problem of all farmers but all of us should be willing to check upon one 
another.”
“We are working together here, so we should do the late blight detection together and let 
the monitoring committee into our farm to verify activities.”

Action “As we have a collective job, we should organize a committee. It is a must to organize a 
committee to perform this work.”
“I think it is good to elect the committee in a similar way as before, Shambel and Terecha 
usually represent us.”
“Tamru also used to work in the seed cooperative committee, he can continue.”
“We will visit the farm in our area in groups and, if we see the disease, everyone will be 
alerted”
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Learning about late blight management
In subsequent learning sessions, deliberations on late blight management opened new 
windows for further reflection on the long-practiced management technique (spraying) 
and other late blight management options. Analysis of the different statements revealed 
how communications unfolded to give rise to a range of social learning outcomes.
       

Fungicide use

Fungicide use for controlling late blight is a well-known practice by all the farmers 
and its importance was not a point of earnest discussion. Many participants reiterated 
the view shared by a farmer, namely that: “chemical has always been our savior.” But as 
late blight is now recognized as an infectious disease, a new interest surfaced among 
farmers in knowing if everyone is indeed spraying and if the monitoring committee can 
check spraying when they receive a report on late blight incidence. The five committee 
members agreed to share responsibility and individually check spraying on potato fields 
that are closer to their field. However, during a reflexive meeting after the first monitoring 
work on spraying, many farmers expressed their dismay that the committee4 members 
did not monitor the spraying after they were given reports on late blight incidence from 
the joint scouting team. This led to a debate on whether the usual representatives are the 
right people for the work and on the possibility of considering other committed farmers 
as committee members. This led to an agreement to replace four of the five committee 
members as shown in Table 3.

4	 The selected committee members were those who had links or worked with external actors 

such as the local government administration, cooperative unions or rural financial institutions. 

These members of the community appeared to be perceived as default representatives of the 

community.

Table 3: Learning to replace members of the monitoring committee.

Technical “The rain has been intense, and we are seeing late blight in different fields.”
“While we were checking our field yesterday morning, there was late blight on Diro’s field. I 
and Leggesse sprayed in the afternoon before it spreads to our field.”

Relational “The committee did not come and check our field after we reported that there was Wag 
[late blight].”
“That is true, I [a committee member] had been busy at the Kebele.”
“Two of the committee members are not even here [at this meeting].”
“We shouldn’t elect/or should not be represented by people who have a lot of 
responsibility.”
“This is our work and we should not be afraid of anyone.”
“Terecha is not active for the work, he is becoming careless. He is my brother but, I am not 
supporting him.”

Action “So, it is better if we change the members of the committee.”
“Worku has no workload, he can work for us.”
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A new notion to most participants was the existence of different types of chemical 
fungicides with distinct modes of action in late blight control. While some of the farmers 
shared their knowledge that there are two types of fungicides (Ridomil and Mancozeb), 
all farmers confirmed that they only used Ridomil (a systemic fungicide) which has 
market dominance. During discussions, farmers learned that the two fungicides types 
have different modes of action. Experts considered that continuous use of Ridomil might 
lead to metalaxyl resistance from the pathogen while farmers questioned whether 
resistance might be responsible for their increased frequency of Ridomil spray over the 
years. Most farmers wanted to stop the continuous use of Ridomil and to alternate with 
Mancozeb which needs application before symptoms are observed. A few farmers, who 
already bought and saved enough Ridomil for the growing season, rejected the idea 
of alternating with Mancozeb. After the new committee reported that seven of the 25 
farmers who had agreed to spray Mancozeb did not report their spraying schedule for 
the committee to check, the idea of enforcing rules became again a point of discussion. 
A consensus was reached (Table 4) that a fine should be proposed at the next meeting 
when everyone is present to avoid confrontation from absentees. At the next reflexive 
meeting, an agreement was reached to fine 100 Birr (Ethiopian currency) for those who 
either missed the joint team scout or failed to inform the committee on the status of late 
blight and follow-up of the implementation. A further 50 Birr was agreed as the fine for 
being absent from reflexive meetings

After the third monitoring on spraying, farmers realized that putting a system of sanctions 
in place could still not guarantee full compliance. Two farmers who had failed to report 
on spraying said that they could not spray because they did not have money to buy 
fungicide. While some farmers tried to protect these two farmers from possible fines, 

Table 4: Learning about sanctioning systems on non-compliance.

Technical “One spray of Ridomil used to be effective, now even three times does not work for many 
of us.” 
“I am not effective with Ridomil anymore, maybe, the disease has already adapted with 
Ridomil.”
“ Ok, many of us want to try Mancozeb and see the effect in this season.”

Relational “We [committee] were able to check eighteen fields and all sprayed Mancozeb as agreed. 
Seven people did not call us, so we do not know if they did.”
“This is a fundamental thing - we need to be careful. Something has to be done to those 
who are not reporting.”
“Unless we handle this or bypass without doing anything, the committee can’t do anything 
on their own.”
“What I think is that instead of punishing a person, it is better to advise them.”
“For example, when we meet next time if I say; oh, even if I didn’t report to the committee, I 
did spray, what do you do?”

Action “So, this doesn’t need any further discussion, the strict rules must exist and be defined.” 
“Let the committee propose some kind of punishment. They should implement fair punis-
hment based on their observation but not to cause harm to the person.”
“The rules should be set by all of us and it should be the committee who will take measu-
res.”
“Today we become strong so that those who didn’t report know the consequences.”
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Table 5: Learning to share fungicide cost of ‘risk-causing’ farmers.

Technical “If all of us are not spraying on time as promised, we are spreading the disease.”
“My small field is at my backyard and far away from yours; do not worry about the disease.”
“Ababo, it was said the disease travels long distance even as far as Geba Robi (another 
village).”

Relational “We cannot punish Ababo and Beyecha, they couldn’t even save their potato, let alone pay 
the fine.”
“We should have discussed this when we set the rules.”
“But I suggested supporting each other or contributing money if anyone is in a problem.”

Action “Why don’t we use the money that Gash (Mr) Negash is keeping?”
“Good idea, let’s use that money to buy Ridomil for both.”

others argued for financial support for these farmers because all farmers are at risk if two 
farmers are unable to spray. In this regard, the practice of mutual aid that they do in other 
aspects of their social life is exerted to late blight management giving a new dimension 
to community reciprocity in managing contagious crop diseases. Table 5 illustrates how 
the proposal for mutual aid was modified at the same meeting with a scheme to use the 
money from fines to buy fungicides for the farmers. 

Analysis of communications around fungicide use as a late blight management option 
featured three different social learning outcomes. First, knowing late blight as a disease 
that spreads, as opposed to the predominant assumption that it is a weather problem, 
alerted farmers to bring the monitoring aspect not only to spraying but also to assess the 
performance of the existing monitoring committee and replace the members. Second, a 
new keenness to experiment with Mancozeb to avoid the potential metalaxyl resistance, 
encouraged the farmers to reconsider their stance on dealing with non-compliance and to 
propose and forge sanctioning mechanisms. Third, the practical insight that punishment 
could not guarantee compliance led to a decision to financially support farmers who had 
not complied. As can be seen from the quotes in Table 5, this decision was made because 
of the perceived late blight risk from unsprayed fields.  

Using late-blight resistant varieties and clean seed potato

Learning on the multiple sources of late blight infection in general and infected potato 
tuber as an inoculum source, in particular, steered discussions around the use of healthy 
seed from resistant varieties to deal with late blight. New insight was made into the 
distinction between clean/disease-free seed and late-blight resistance varieties. Many 
farmers initially assumed that disease-resistant varieties would remain resistant to late 
blight. From some of the statements, this is partly attributed to the original framing of 
late blight as a weather problem. The realization that their widely grown varieties, such as 
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Gudene and Jalene once released as late blight resistant,5 are no longer free from potato 
disease, led farmers to stress the importance of keeping their own seed clean from late 
blight. In this regard, proposals were made to undertake seed selection for the coming 
growing season, using a third-generation (G3) resistant variety (Gudene) for a positive 
selection.6 Seed selection would be made with the help of an extensionist and a researcher 
from the Holeta Agricultural Research Center which would also provide the G3 seed. 

The importance of keeping their own seed source free from late blight instigated 
reflections around the previous and potential future role of the district government 
agricultural office in seed quality checking. A few farmers, previously members of a seed-
producing cooperative, had experience of working with the regional regulatory office and 
the district agricultural office in potato disease (Bacterial wilt) monitoring and seed potato 
marketing. They considered that this had been an unfair arrangement because only a few 
farmers with ‘good relations’ with the offices enjoyed the market benefits. Some of the 
other farmers seemed to know and embrace the stories and others appeared to be new to 
the details. Existing negative views about district offices and regulators were amplified by 
stories shared by former seed producers. The discussion led to a more restrictive proposal 
for a potential role for the district office in seed quality monitoring. 

5	 Gudene and Jalene are among the many late blight resistant varieties released by Holeta 

Agricultural Research Center over the years

6	 Positive selection entails selecting healthy-looking, vigorous mother plants to obtain seed 

tubers for the next seasons’ crop in a situation where there is a problem of  availability of 

affordable disease free seed potatoes or resistant varieties (Schulte-Geldermann et al., 2012)

Table 6: Learning towards collaboration with researchers on seed selection.

Technical “My assumption was any seed that survived the weather problem is safe and I can use it as 
seed.”
“Yes, what we saved from the last harvest and planted this season may have late blight and 
other potato diseases.”
“Even if we use chemical, if we bring spoiled seed for next year, it is useless.”

Relational “We have to look for other clean seed sources.”
“We know that Holeta [research center] has quality seed but we don’t get it here.”
“If we get clean seed from you, we will work to keep our seed clean. Our seed is infected 
with the disease now.”
“The problem is how can we check for a disease if the experts do not support us.”

Action “We can use the new seed from our learning plot but Lema [Holeta researcher] should 
teach and support us on the seed selection.”
“We will also practically learn how to do that from the researcher on the field.” 
“Yes, once I [extensionist] get a good lesson, I am close to the farmers to continue 
supporting in seed selection and exchange.”
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Communications around seed quality elicited two social learning outcomes. New insights 
on the distinction between healthy/clean and resistant variety and the contribution of 
farmers handling of seed to late blight prevalence opened new avenues for farmers to 
adjust their opinions about researchers from someone who failed to continually provide 
‘quality’ seed to someone who can also assist in keeping farmers seed clean from the 
disease. This led to an agreement (Table 6) to seek researchers’ support in seed selection 
and handling.  The other learning outcome (Table 7) aligned discussions about the 
importance of seed quality checking with previous relation and collaborative practices 
with government district offices. Farmers advocated for a principally farmer-controlled 
seed monitoring approach, dismissing a potential role for the district agricultural office in 
seed quality monitoring.  
    

Removing volunteers 

Social learning in relation to removing volunteers as a late blight management method is 
stimulated by awareness of how volunteers (Gebo, namely potatoes growing after being 
left in the soil from the previous harvest) can be another source of late blight infection. 
Some farmers removed volunteers only when they wanted to plant another crop in a 
subsequent growing season but not because volunteers are an inoculum source for the 
pathogen. When another crop is not being planted, most farmers let the volunteers grow 
for a second-round harvest. Having realized the role of volunteers in pathogen spread, 
the issue of land contractual arrangements was raised by farmers who grow potato on 
a leased plot in a neighboring village. In the usual contractual agreement, the leasing 
farmers only harvest one time and must leave behind the volunteers for harvest by the 
property owners. Given the role of volunteers in pathogen spread, farmers proposed 
(Table 8) changing their contractual agreements to reduce volunteers. Table 9 also shows 
how the majority of farmers agreed to collectively implement the practice of removing 
volunteers from their own plot, irrespective of what they cultivate after potato. 

Table 7: Learning towards a restrictive role for district government offices in seed quality monitoring.

Technical “Once we get disease-free seed, we will work to keep the seed free from late blight.” 
“It is a similar work like Gind Atewelig (Bacterial wilt), few years ago district experts used to 
check the plant and the seed for Gind Atewelig.”

Relational “We [seed producers] were having such kind of [monitoring] experience. They used to 
plan and then visit the farms to check for the existence of Bacterial Wilt. But it was a bad 
experience.”
“The previous one and this one should not be the same. The reason is not the same; now 
the people gathered together, discuss and learn from one another but, at that time only 
few people used to come and tell us what to do.” 
“The process was not transparent, and some farmers wanted to commit suicide from total 
rejection of their seed.”
“If it is going to be the same, I am not sure if I want to continue.”

Action “Let us use our own committee, we can monitor the disease on our own but you 
(facilitator) help us bring the experts to technically support us”
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There were two social learning outcomes related to this late blight management practice. 
The first one relates with knowing volunteers as pathogen inoculum source that made 
farmers re-define existing practices and relationships in land contractual agreements. 
Second learning evidence is an agreement reached by more than half of the farmers to 
remove volunteers and to collectively monitor this practice. This time not because they 
see volunteers as a weed to another crop but because it can serve as inoculum source for 
the late blight pathogen.

Dehaulming

During the session, farmers learned that late blight can travel down from the plant (through 
the transfer of fungal spores) to the tuber when the haulm, comprising the aerial part of 
the plant, is not cut on time. However, this new insight did not lead to a learning outcome 
or any form of collective action in communication. Few farmers stated they had previously 
removed the haulm, believing it is good for tuber size and skin setting. However, they 
contended that the practice exposed their black soil (Koticha) which easily cracks and the 
tuber to direct sunlight, turning the tuber green. Given that some farmers considered that 
green tuber was a major reason for rejection at the market, the farmers decided not to 
introduce dehaulming as a management option unless there was a mechanism to avoid 
the change in tuber color. However, two farmers, who had no previous knowledge of the 

Table 8: Learning to include the issue of control over volunteer plants in land contractual agreements.

Technical “We don’t remove Gebo if we plant potato as we wanted the tubers produced from the 
Gebo.” 
 “I think if we have to avoid the disease risk in our area, we should kill the Gebo.”

Relational “You can do that on your own plot but what about me who also work on rented land?”
“That is right, we have to leave the produce from the Gebo to the landowner.”
“Why don’t you teach them what you learned about the disease? They may agree.”
“It is not easy, I wish they could be here.”

Action “Let’s try to discuss with the owners if they agree but they only care for their benefits.” 
“It could be difficult for this season, but we should negotiate in the Belg [coming] season” 

Table 9: Learning about joint monitoring of volunteer removal as a late blight management practice.

Technical “When we plow the field, we only remove Gebo, so it will not remain there as a weed for 
the next crop.”
“But getting the disease is a higher risk.”
“Some of us still have Gebo or the tubers on our field and some just plowed and planted 
on it.”

Relational “We cannot do much about those who recently planted.” 
“But most of us didn’t plant yet and the committee should check as it is a disease problem.”

Action “This should be another activity for the committee to check before our next meeting.”
“Just call and let us [the Committee] know before you do it and we will check and report at 
the next meeting.”
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practice, said that they wanted to experiment with it on a small portion of their potato 
field to evaluate any effect on late blight infection or tuber color.  

Linking social learning outcomes with collective action 

Analysis of the discussion around different learning themes on late blight disease and its 
management revealed a total of nine social learning outcomes in the form of collective 
agreements related to an alignment of new communicated knowledge, discussed 
relations and suggested actions. Table 10 illustrates the extent to which the various 
agreements implicated in the discussions were implemented on the ground. From a 
process perspective, it can be observed that there is not a one-way relationship between 
a collective agreement and a collective action or that collective action comes necessarily 
after collective agreements. For instance, agreements to change the monitoring 
committee, to develop sanctioning systems or to share fungicide costs are informed 
by reflections from practical actions. In this sense, there was an iterative learning cycle 
whereby farmers contentiously modified or adapted their collective action by reflecting 
on their collective agreements and vice versa. 
As can be seen in Table 10, two of the nine collective agreements could not be fully 
translated to collective action. For example, only about half of the field scout team did a 
regular joint visit to their farms. A possible explanation for this might be the problem of 
free-riding that is common in collective action problem situations. The free riding tendency 
by some farmers eventually led to a modification of the agreement around sanctioning 
mechanisms. The fact that farmers from nearby villages were not part of the collective 
agreement on amending land contractual arrangements for removing volunteers had 
influenced the translation of the agreement into action.  
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Table 10: Translation of collective agreements (social learning outcomes) into collective action.

Learning 
themes

Collective agreements Collective actions

Late 
blight as a 
contagious 
disease

1. Agreement to bring 
on board other farmers 
that were not in the 
intervention 

Farmers brought new fellow farmers in the community and the number 
of participating farmers grew from 21 to 33 during the time of the 
learning intervention. This is without the three farmers who departed 
after the second learning session.    

2. Agreement for team 
field scout and collective 
monitoring of late blight 
incidence

Farmers formed 11 field scout groups (3 neighboring farmers in a 
group) but the groups had different levels of success. About 6 of the 
groups scouted regularly while the others demonstrate different levels 
of irregularity. The irregularly made some groups cover for each other 
but pushed others to only scout their own field. Farmers also formed 
a monitoring committee composed of five people to interact with the 
scouting teams.

Fungicide 
use

3.  Decision to replace 
members of the 
monitoring committee 

As the committee failed to do proper monitoring after the reporting 
of disease incidence and the first round of spraying, farmers replaced 
four of the five initially selected committee members. The re-elected 
committee was active in collecting and sharing reports on late blight 
incidence and on-field monitoring of collectively agreed practices and 
reporting of results on reflexive meetings.
Although all farmers agreed to practice seed selection and exchange, 
this activity was postponed to the next growing season as it needed 
access to clean seed from their own sources or a late blight resistant 
variety. A G3 seed of resistant variety (Gudene) was obtained from the 
Holeta Agricultural Research Center and planted to be used for this 
purpose.

4. Agreement for 
sanctioning systems on 
non-compliance 

Farmers developed and implemented a sanctioning system (money 
fines). They applied a fine of 100 Birr for a missing team field scout; 100 
Birr (per scout team) for not reporting to the committee on prevalence 
of late blight; 50 Birr for missing learning and reflexive meetings. There 
were arguments between defectors and the committee on the first 
fines, the defectors finally skipped fines by making a public apology 
arguing it was the first time and that they would comply afterward. A 
total of eight people were fined at different times, totaling an amount 
of 650 Birr. Seven farmers skipped fines for bringing convincing social 
reasons (in the eyes of the committee) for not scouting and reporting.

5. Agreement to share 
fungicide costs of ‘risky’ 
farmers

A fungicide (Ridomil) was bought for two farmers (a female and an old 
farmer) after late blight symptoms were detected on their field. It was 
not financed from shared money but from fines for non-compliance.

Using 
healthy seed 
and resistant 
varieties

6. Agreement to seek for 
researchers’ support on 
seed selection 

This was an activity planned for the next growing season as farmers 
had already prepared and some had even planted around the time of 
discussion on seed selection. However, seed selection with technical 
support from a Holeta researcher was made on the harvested G3 
potato seed from the practical learning plot and distributed among the 
farmers to be positively selected and used as planting material for the 
next growing season. 

7. Decision to dismiss 
potential role for district 
government offices in 
seed quality monitoring 

Farmers continued with a monitoring committee that was only 
composed of community members whereby trust issues played a 
major role in limiting options for potential collaboration in seed quality 
monitoring.    

Killing 
volunteer 
plants 

8. Agreement to include 
the issue of control over 
volunteer plants in land 
contractual agreements

Due to a relative land shortage in the area, seven farmers leased land 
for potato cultivation in a neighboring village. All the farmers that were 
growing potato on a rented plot had already made their contracts for 
2-5 years during the growing season in which our learning intervention 
took place. However, three of these farmers discussed with their 
landowners the possibility of removing volunteers but the landowners 
rejected the idea.

9. Agreement on joint 
monitoring of removing 
volunteer plants as a 
late blight management 
practice

The practice was monitored and 21 farmers out of 33 removed 
volunteer plants or collected remaining tubers in the soil before 
planting. While seven of them could not do this because of their 
contractual agreement, five farmers did not do it, saying hand removing 
the tuber is a laborious task.
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Discussion

The study unraveled how social learning as a communication process in which new 
knowledge, relations and actions become aligned leads to collective agreements (first 
research question) and collective action (second research question) in the management of 
late blight. In answering the first research question, we discerned several communicatively 
agreed lines of action that were attended by communication regarding new knowledge, 
relations and actions. In this regard, new knowledge in relation to the threat posed by late 
blight as a contagious disease was instrumental in instigating discussions about relations 
and potential collective actions, thereby leading to several social learning outcomes. 
Although our review failed to find previous studies with a grounded perspective on 
late blight as a collective action problem, empirical studies of pest and invasive weed 
management highlighted that collective responses were effective when communities 
appreciate that the problem crosses farm boundaries and where benefits might arise from 
cooperation (Graham et al., 2018). A change in the framing of late blight by the community 
from a weather problem to a contagious disease involving pathogens fundamentally 
shifted awareness of late blight disease from a private bad to a collective bad. This, in turn, 
instigated social learning as new knowledge on the mobility and the contagious nature 
of late blight, linked to new perspectives on interdependency and proposals for collective 
action to manage the disease. The empirical study thus confirmed our assumption that 
disease management has particular features compared to the collective action problems 
generally studied in social learning literature. It differs from dominant social learning 
literature on collective action problems in natural resource management, migratory pests 
and invasive weeds which implicitly assume some sort of understanding of the collective 
nature of the problem, hence picks the role of social learning from there (Zamani et al,. 
2018; Marshall, 2016; Brugnach et al., 2011; Toleubayev et al., 2007). The key role of technical 
knowledge in determining social learning outcomes is also demonstrated in a situation 
where farmers did not agree to implement dehaulming as a potential management 
practice, owing to their technical knowledge of the impact of direct sun on tuber quality7. 
We contend that attempts to develop and sustain collective action around diseases that 
are characterized by less visible dynamics should be supported with a strong learning 
element around the delicate life cycle and spreading mechanisms, demonstrating the 
interdependency of farmers. In addition, the contribution of social learning can be 
amplified if it takes a step back and firmly integrates such learning in a situation where 
there is ambiguity on the very collective nature of the problem.
	 However, a better understanding of the mobile nature of the disease was not sufficient 
reason for some of the farmers to cooperate in disease monitoring or to reach agreements  
 
7	 This change in tuber colour and quality is a well-known phenomenon in scientific literature as 

a production of a group of chemicals called glycoalkaloids that are toxic when consumed.
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on the collective implementation of management practices. Their main argument was 
that they could individually control the late blight if they spray optimally, irrespective of 
the disease situation in the area. This finding is consistent with a case study on community-
based resistant weed management whereby, despite knowledge of weed mobility, some 
community members perceived weed control as an individual problem by taking into 
account the economic costs (e.g. finance, labor) of managing resistance over time (Ervin 
and Frisvold, 2016). Similarly, lessons from situational studies on banana wilt and potato 
late blight in Central Africa and Ethiopia demonstrated that the public good features of a 
disease management strategy depend not only on specific agro-ecological properties of 
the disease but also on the available technological options and other community-specific 
social conditions and resources (Damtew et al., 2018; Leeuwis et al., 2018; McCampbell 
et al., 2018). This has an important implication for the framing of contagious crop 
diseases, such as late blight, as public bad mainly based on its mobility. We hope that 
this study triggers more in-depth scholarly discussions on what other biophysical, social 
or economic attributes, together with disease mobility, could be integrated to advance 
current theoretical perspectives that present contagious crop diseases as a public bad.  
	 Communication about late blight as a shared risk played a key role in reaching 
agreement on collective action. This stimulated discussions on new types of social 
relationships for collective monitoring, including a committee and neighbor-to-neighbor 
field scouts. In this regard, the monitoring system performed two key relational functions: 
joint information collection and sharing on late blight incidence not only informed 
collective management activities but also leading to sanctions and new reciprocity as 
communities strove to deal with non-compliance. This mirrors the assessment by Ervin 
and Frisvold (2016) that when there is a shared understanding of the collective nature 
of the problem, interest can develop within communities in conducting monitoring 
and applying appropriate penalties when some operators do not comply with locally 
prescribed management practices. Even though farmers initially decided to implement 
monitoring, despite traditional superstition around letting others into their individual 
fields, they were not enthusiastic about sanctions. However, the fact that they eventually 
developed sanctioning systems and forged new ways of reciprocity through mutual 
aid in buying fungicides highlighted the observation by Ebuka et al., (2014) that social 
learning helps farmers to amend their perceptions of risks and their collective rules of 
engagement. In this regard, our research provided evidence that social learning can lead 
to the emergence of a rudimentary form of institutionalized coercion which can help to 
reduce overcome non-compliance in the management of contagious crop diseases, such 
as late blight. In a hypothetical game scenario, Zhang et al., (2013) similarly reported that 
‘toy-communities’, guided by payoff considerations, started with a clear preference for 
the treatment without punishment but shifted to peer-punishment after a few rounds. 
We consider that the emergence and evolution of regulatory institutions through social 
learning has significant theoretical implications for the way scholars conceptualize social 
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learning in the management of agricultural collective action problems in general and 
contagious crop diseases in particular. In this respect, a great majority of the reviewed 
literature on the subject appreciates regulatory institutions (e.g. monitoring, incentive 
mechanisms, graduated sanctions) from an institutional theory perspective,  principally 
seeing it as an externally imposed system, rather than as something that can potentially 
emerge through social learning (e.g. Wulandari and Inoue, 2018; Hegde et al., 2016; Six et 
al., 2015; Christmann et al., 2015; Pahl-Wostl et al., 2009). 
	 In relation to our second research question, our aim was to examine the influence 
of social learning on collective action in the management of late blight, focusing on 
the actual implementation of collective agreements. As can be noted from the results, 
while most farmers agreed that collective actions should be implemented, a few of these 
proposals could not be translated into action. For instance, farmers tied to property 
owners from a neighboring village via contracts could not translate the agreement to 
modify the rights to control volunteers into action. This relates to Ostrom’s (1990) thesis 
on the importance of delineating clear boundaries between users and non-users of a 
resource. Although public good boundaries often have a gradient quality or are fuzzier 
(especially for highly mobile resources) than implied in the traditional public good design 
principles (Baggio et al., 2016; Cox et al., 2010), having a clear definition of geographical 
and institutional boundaries appears to be an important precondition for the translation 
of agreements into collective action. In this regard, unclear boundary definition for late 
blight management represented a missed opportunity for our social learning approach 
to inspire better cooperation between two seemingly different communities which are 
institutionally interrelated through land contractual agreements in potato cultivation. 
Although many of the agreements were physically implemented, there was visible non-
compliance from some farmers, mainly on team scouting and on reporting on disease 
incidence. 
	 Contrary to a range of evidence from public good studies, non-cooperating behavior 
of a few farmers did not seem to stop other farmers from complying with most of the 
collective agreements. This appears to provide some support for the conceptual premise 
of Ervin and Frisvold (2016) that farmers may still have an incentive to manage invasive 
or contagious crop problems and benefit from the adoption of practices, even when their 
neighbors do not and even when acting collectively is considered the best strategy. 
	 This study showed how social learning, through aligned knowledge, relations and 
actions in communications, formed the basis for collective agreements and collective 
action. However, we are limited in being able to explain the translation from learning to 
action. Multiple factors may have influenced the extent of implementation of collective 
actions implicated in the social learning outcomes: levels of risk perception, information 
sharing/communication, production objectives, group heterogeneity, and resource 
boundary (Graham et al., 2018; Cox et al., 2010; Ostrom, 2010). In this regard, there is 
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considerable scope for more research to explore and detail the different factors in action 
around the translation of collective agreements into actual practices on the ground. 
 
 Conclusion

We conclude that social learning and associated collective actions in the management 
of late blight are outcomes of an ongoing communication process with a range of 
interlinked technical, relational and action related issues. Outcomes of such a learning 
process can thus be made visible through the analysis of communicative processes. In 
this regard, the conceptualization of social learning in the management of contagious 
crop diseases would benefit from a broader view than what is commonly implied in the 
traditional social learning literature on natural resource management. This means, on 
the one hand, that conceptualization needs to strongly support community learning in 
relation to clearing ambiguities on the collective nature of the disease and, one the other, 
that this conceptualization needs to widen its scope for further systematic analysis of 
implementation of agreed collective actions. The crucial role of regulatory institutions in 
the management of public bads, such as late blight, also warrants social learning to embrace 
the emergence or evolution of such institutions in its conceptual and methodological 
approaches. We contend that social learning is a necessary precondition for collective 
action (the implementation of agreements in our case), but may not necessarily lead to it, 
given potentially multiple factors in operation. This interplay between social learning and 
collective action, specifically the role of different factors in the translation of agreements 
into practical action for the management of contagious diseases, requires further 
exploration. 
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Potato late blight remains a threat to food security and livelihood of millions of 

people in Ethiopia. Despite a rapid dispersal of the disease pathogen and farmers’ 

interdependency in managing it, the literature on agricultural extension and 

communication tends to frame the disease and its management as a problem of the 

individual farmer. This study appreciates late blight as a collective action problem 

whose management requires a corresponding re-configuration in information 

sharing and communicative practices. We employ a framed field game experiment 

with a mixed quantitative and qualitative method to explore how and to what extent 

different types and combinations of communicative interventions affect collective 

action in the management of the disease among farmers in Ethiopia. Interestingly, 

our quantitative findings revealed that the provision of technical information about 

interdependency involved in the management of the disease, and monitoring 

information about the management practices of other farmers negatively affected 

collective action. However, collective action performance significantly improved 

when farmers were given the opportunity to interactively communicate about their 

management strategies. Further qualitative investigation sheds light on how farmers 

used and made sense of the different communicative interventions to inform and 

adjust their individual decisions, coordinate collective strategies, pressure free-

riders and develop a shared identity. It is concluded that interventions that mainly 

promote the provision of technical and social information can be counterproductive 

in managing collective action problems such as late blight unless it is complemented 

with interactive communication and deliberation processes.  

Keywords: 

Potato late blight, Collective action, Communicative intervention, Information, 

Interdependency; Smartphones
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Introduction

Potato late blight, caused by Phytophthora infestans (Mont.) de Bary, is the major 
bottleneck in potato production, a crop that holds promise for food security and livelihood 
improvement to millions of people in Ethiopia (Demissie, 2019; Tsedaley et al., 2014). Since 
late blight came to the spotlight for being the cause of the Irish potato famine in the 
1840s, it has been the most studied (and still among the most destructive) potato diseases 
in many parts of the world (Campos and Ortiz, 2019; Kirt et al., 2014). The disease develops 
and spreads rapidly under high relative humidity, moderate temperature, and substantial 
rainfall and has the potential to destroy the whole potato field within a few days (Burke, 
2017; Kirt et al., 2014).   
	 Rooted in traditional agricultural extension and technology adoption model (Rogers, 
1995), communicative research and development interventions to deal with the problem 
of late blight have a tendency to frame the disease as a problem of the individual farmer. 
This is reflected in interventions that advocate a linear form of advisory approaches 
geared towards the promotion of adoption of disease management technologies and 
practices at the level of individual farmers or households (Pernezny et al., 2014; Tsedaley, 
2014; Bekele et al., 2012; Kassa, 2012; Mekonen et al., 2011; Miller et al., 2006; Franc, 1998). 
There is a normative expectation that something considered desirable can spread across 
a larger number of users (Peng et al., 2018; Leeuwis, 2010). Nevertheless, recent studies 
in a resource-poor smallholder farmer context stress that the rapid dispersal of the late-
blight pathogen across farm boundaries gives the management of the disease a collective 
action problem feature (Damtew et al., 2018; Tafesse et al., 2018). Meaning, lack of control 
of the disease by any individual farmer imposes costs or losses on other nearby farmers 
and likewise, control efforts by one farmer can confer a benefit to other nearby farmers 
(Graham et al., 2019; Bell et al., 2016). Because of this characteristic of the disease and its 
causing agent, the management of late blight is regarded as one among specific types 
of collective action problems in the domain of  ‘public bads’ (e.g. infectious and invasive 
species, microbial resistance to antimicrobial agents, global warming, air pollution) 
(Costello et al., 2017). 
	 In a broader sense, a collective action problem is a situation in which all individuals 
would be better off cooperating but fail to do so because of conflicting interests between 
individual and collective goals (Olson, 2009). The role of information and communication 
in overcoming collective action problems has been highlighted in seminal papers (Ostrom, 
1992; Ostrom and Walker, 1991; Sell and Wilson, 1991) and more recent literature, mainly 
in the field of behavioral economics (Cabrales et al. 2016; Reuben and Riedl, 2013; Smith, 
2010; Milinski et al., 2008; Cardenas et al., 2004; Cardenas and Ostrom, 2004). In fact, Sell 
and Wilson (1991) argued that information and communication are among the most 
important factors to influence cooperative behavior among interdependent individuals 
in a collective action problem situation. In this regard, many game-based experimental 
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studies have been conducted in laboratory and field settings to study how the provision 
of monitoring information (about practices of others) and/or group communication 
influence collective action among interdependent individuals. However, literature in 
the field of behavioral economics has put emphasis on monitoring information with 
limited attention to other types of information that could highlight interdependency 
originating from the ecological characteristics of the collective action problem at hand. 
For instance, Steingrover et al. (2010) emphasized that information about the multiple 
biophysical features (e.g. pest and disease dynamics in crops, landscape services, 
habitat for biodiversity and antagonists) is a potentially powerful way of illuminating 
interdependencies and the need for collective action among members of a community. 
Similarly, the provision of technical information about interdependency in relation to the 
collective risk and benefits of individual management practices can play an important role 
in influencing collective action in the management of the disease. As a separate research 
topic, a large body of experimental evidence exists on the role of group communication 
in overcoming collective action problems. What is largely missing in the latter domain of 
research is a systematic investigation of the underlying mechanisms that can give a robust 
explanation of how or why group communication influences collective action.
	 As further conceptualized and argued in detail in section 2, this study designed 
a framed field game experiment that brought together three different types of 
communicative interventions to stimulate collective action in the management of potato 
late blight in Ethiopian. The first intervention was to provide technical information about 
interdependency in managing the disease (fungicide spraying). The second intervention 
added monitoring information, that is, information about the practices of other farmers. 
The third intervention added a group communication element that gave space for farmers 
to interactively communicate about their collective problem and its management. 
	 Given the increased availability of ICTs (Information and Communication Technologies) 
in rural settings and their presumed ability to facilitate network formation, dialogue 
and learning, there is also a growing research interest in experimenting with different 
communicative and informational functions in collective action problem situations using 
such technologies (Cieslik et al., 2018; Bennet and Segerberg, 2012). Mobile phones and 
related technologies can particularly play meaningful roles in facilitating communication 
among spatially and temporally distributed individuals (Bennet and Segerberg, 2012). 
Correspondingly, the group communication (third intervention) was supported 
by an internet-supported smartphone application (Voxer) that enabled farmers to 
communicate through voice and text messages. Farmers were given smartphones and 
had the opportunity to talk to each other about their individual or collective strategies to 
deal with their collective problem.   
     	 This study is primarily interested in understanding how and to what extent the 
different types of communicative interventions influence farmers’ collective action in the 
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management of potato late blight. In doing so, it also assesses the potential advantages 
and disadvantages of using smartphones as a platform for group communication. 
 	 The paper proceeds as follows. Section 5.2 further details the theoretical 
argumentation that led to our specific hypotheses and research inquiries. Section 5.3 
covers the methodology in which the experimental design, the experimental procedure, 
the game framing, and the quantitative and qualitative data analysis approaches are 
presented. The results of the study are reported in Section 5.4. Sections 5.5 and 5.6 
presents the discussion and conclusion part, respectively. 

Literature review and hypotheses  

Communicative interventions in collective action problems
Communicative intervention is the professional use of communication to help resolve 
problematic situations or to achieve societal ends (Leeuwis and Aarts, 2011; Leeuwis, 
2004). In the context of crop disease management in general, and that of late-blight 
prevention and control in particular, the dominant form of communicative intervention 
has been agricultural extension (Pande et al., 2009; Ciancio and Mukerji, 2008). This 
includes practices like advisory communication, information provision and persuasive 
campaigns using different media and channels. These types of linear and expert-driven 
communicative practices are informed by early adoption theories and social-psychological 
models that aim to influence clients’ innovation decisions in a direction deemed desirable 
by a communication intervener (e.g. Rogers, 1995; Petty and Cacioppo, 1986). Such 
individualistic perspectives have been criticized for their simplistic notion of adoption 
decision and the lack of attention for social and institutional dimensions of innovation 
(Leeuwis, 2004). This is a limitation in view of the fact that late-blight management is a 
collective action problem as farmers are interdependent in their efforts in managing the 
disease. More in general, it has been argued that rural innovation has collective dimensions 
and that other forms of communicative intervention or innovation intermediations are 
needed (e.g. facilitation of learning or space for negotiation, conflict management and 
everyday communication) (Leeuwis, 2004). Communication interventions can have 
broader roles than providing information-based advisory services or applying persuasive 
strategies that are aimed at influencing individual behavior (Klerkx et al., 2009; Klerkx and 
Leeuwis, 2008).  Such innovation scholars, however, mostly look at collective dimensions 
and new forms of communicative interventions in terms of resolving coordination in 
multi-stakeholder settings (e.g. among actors in value chains, niches or regimes). They 
have not particularly looked at the specific communicative challenges in collective action 
situations or in the management of public bads that involve interdependent individuals. 
Therefore, we test several communicative interventions on their influence on collective 
action among interdependent farmers. 
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	 In the context of collective action problems, a communicative intervention can be 
designed around the provision of information with the aim of explicating the ecological 
features of the disease management problem that makes individuals interdependent 
(Peng et al., 2018; Ostrom, 1999). Costello et al. (2017) argued that knowing the spatial 
connectivity induced by the mobility of public bad resources influences private decisions, 
which collectively can have important consequences for control across a spatial domain. 
In our study context farmers have very limited knowledge of the spreading feature of 
the late-blight pathogen and the collective risk and benefit of individual management 
decisions (Damtew et al., 2020; Tafesse et al., 2018). In this regard, evidence from a 
systematic investigation of the role of such type of communicative intervention in 
collective action problems is sparse. The first hypothesis is that knowing or having 
technical information on the interdependency that originates from the collective risk and 
benefit of the individual management practice could positively contribute to farmers’ 
collective action or cooperation in managing late blight. 

Hypothesis 1:  Providing technical information about interdependency resulting from the 
collective risks and benefits of individual management practices will improve collective 
action among farmers in managing late blight.  
	 Communicative interventions can also be designed around the provision of 
monitoring1 information on practices of others involved in the management of collective 
action problems (Khadjavi et al., 2017; Martin et al., 2014; Miliniski et al., 2008). There exists 
a large body of experimental literature in the economics field that attempted to examine 
the role of monitoring information in collective action. A key motivation for these studies 
has been the underlying assumption of complete information in earlier experimental 
studies and the subsequent criticism of such an idealized hypothetical scenario to not 
adequately reflect the types of uncertainty that people face in real-life (Choi and Lee, 
2014; Andreoni and Petrie, 2004). It is contended that in reality decision-makers operate in 
a limited information environment or do not always have information on what others are 
doing to use the information as a reference point for future decisions (Martin et al., 2014; 
Andreoni and Petrie, 2004). In this respect, evidences from a range of experimental studies 
presented inconsistent findings whereby some showed a positive effect of monitoring 
information on collective action (Khadjavi et al., 2017; Janssen et al., 2010; Smith, 
2010; Crawford, 1998), whereas others found no effect (Hashim et al.,  2011; Marks and 
Croson, 1999; Weimann, 1994; Sell and Wilson, 1991). This would mean that monitoring 
information needs to complement technical information about interdependency to 
overcome collective action problems. We test this assumption with two hypotheses:  
 

1	 Different terms like ‘Information’, ‘Behavioral information’, ‘Decision information’ are used in the 

economics literature. 
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Hypothesis 2: Providing monitoring information on the management practices/decisions 
of others as well as technical information to make farmers aware of their interdependency 
will further enhance collective action among farmers.   

Moreover,

Hypothesis 3: The role of monitoring information on collective action is influenced by 
whether or not farmers have technical information about interdependency.  
 	 A separate strand of economics literature has its focus on understanding the role of 
group communication or ‘cheap talk’ on collective action. By creating a sort of a discursive 
space, the opportunity to communicate is viewed as a mechanism that enables individuals 
to discuss, negotiate or coordinate strategies to deal with their collective action problem 
(Balliet, 2010; Dietz et al,. 2003; Marks and Croson, 1999; Ostrom, 1992). A number of 
experimental studies reported a positive effect of communication on collective action 
(Cason et al., 2012; Bachi et al,. 2010; Smith, 2010; Bochet et al., 2006). However, taking 
into account the wider intermediary role of a communicative intervention, none of the 
reviewed literature made an attempt to integrate and investigate the effect of group 
communication together with the other types of communicative interventions (provision 
of monitoring information and technical information about interdependency) on 
collective action. Accordingly, we hypothesize that:

Hypothesis 4: An opportunity to communicate on top of monitoring information on 
practices of others and technical information about interdependency will result in the 
highest level of collective action in managing late blight.         

Beneath the relationship between communicative interventions and collective action
	 Previous experimental studies are rarely supported with explanations of the 
mechanisms underpinning the relationship between communicative intervention and 
collective action. There is a limited evidence-based account of how or why a particular 
communicative intervention contributed to the observed variations in collective action. 
In this regard, we propound that a deeper examination of the role of communicative 
interventions in collective action problem situations is of considerable scientific and 
practical relevance. Some plausible explanations are suggested in literature as to how a 
group communication, as one specific type of communicative intervention, can influence 
collective action behavior. First, communication provides the opportunity to coordinate a 
collective strategy through clarifying confusion and facilitating discussions on incentives 
and trade-offs between individual and collective goals. Second, communication can 
also help people offer or extract promises of cooperation and detect and pressure free-
riding behaviors. A third explanation is that communication permits subjects to create or 
reinforce a sense of group identity that could help motivate cooperative behavior (Peng 
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et al., 2018; D’Exelle et al., 2012; Garicano and Wu, 2012; Balliet, 2010; Cardenas et al., 
2004; Dietz et al., 2003). Informed by these perspectives on group communication and 
other emergent themes for the other types of communicative interventions, this study 
qualitatively explains how our communicative interventions influenced collective action 
behaviors in the management of late blight. 

Similarly, in any type of communicative intervention, the medium of communication 
potentially has a number of enabling or constraining functional qualities (Leeuwis, 2004). 
As our group communication was supported with an internet-enabled smartphone 
application, we are further interested in assessing the implication of using the platform as 
part of the wider role of the group communication environment. This means that our focus 
is not to investigate the contribution of the platform to collective action performance. 
Instead, our interest lies in assessing specific challenges, advantages or disadvantages of 
using the platform as one type of communication channel when farmers communicate 
to coordinate their strategies or pressure free-riding behavior or create/develop a shared 
identity in the management of their collective problem.     

 Methodology

The study is based on a mixed quantitative and qualitative analysis of a framed field game 
experiment conducted with real-life potato growers suffering from potato late-blight 
disease. In line with the order of our research inquiry, the methodology section has two 
major sub-sections. The first sub-section (5.3.1-5.3.3) covers the quantitative part on the 
experimental design and procedure, the game framing, the data source and method of 
analysis. The second sub-section (3.4) describes the data collection and analysis for the 
qualitative part of the study.  

Experimental design 
Our experiment simulated the management of potato late blight as a collective action 
problem whereby farmers have to make individual decisions/actions to spray or not to 
spray their own field but their level of success to control the disease depends not only 
on their individual action but also on the actions of other neighboring farmers. It was 
hypothesized that the proportion of farmers that are in a group meeting the threshold 
(level of collective action) would be different for the types of communicative interventions. 
	 Four experimental conditions were used to investigate how farmers respond to the 
different types of communicative interventions. Hence, the roles of the different types of 
communication interventions were tested under four intervention conditions against a 
non-intervention condition.
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1.	 In the non-intervention, farmer groups were not provided with any of the 
information types (technical information and monitoring information) and were not 
given the opportunity to communicate with each other. 

2.	 In the 1st intervention, the farmer groups were provided with technical information 
about interdependency or the collective risk and benefit of individual spraying 
practices (Hypothesis 1).  

3.	 In the 2nd intervention, the farmer groups were provided with technical information 
about interdependency and monitoring information on the spraying decisions of 
others (Hypothesis 2). 

4.	 In the 3rd intervention, the farmer groups were only given monitoring information on 
the spraying decisions of others (Hypothesis 3).  

5.	 In the 4th intervention, on top of technical information about interdependency and 
monitoring information, the farmer groups had the opportunity to communicate 
with each other (Hypothesis 4). 

 

A total of 225 farmers were involved from the Wolmera district in the central highlands of 
Ethiopia. Out of the 23 rural kebeles2 in the district, Nine kebeles with extensive potato 
production were purposely selected. From a list of all villages (got’es) within a kebele, five 
villages were then randomly drawn. Finally, five farmers were randomly selected from all 
inhabitants of each village making a total of 25 participant farmers from each kebele. The 
farmers from one village were distributed randomly over the five intervention and non-
intervention groups. In this way, we reduced a potential bias we could have encountered if 
neighboring farmers in the non-communicating group would have a chance to physically 
identify each other, hence communicate. Thus each intervention and non-intervention 
condition was tested with 45 farmers (9 groups of five farmers) from the diverse kebeles.   

2	  The smallest official government administrative unit in Ethiopia

Table 1: Conditions .

Non-intervention No Technical information; No Monitoring information; No Communication

Intervention 1 Technical information

Intervention 2 Technical information and Monitoring information

Intervention 3 Monitoring information

Intervention 4 Technical   information; Monitoring information; Communication
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Implementation procedure 
The experiment was conducted in the nine kebeles one after the other and each experiment 
or game session took three days per kebele following a standard procedure. First, the 
objective of the experiment was explained and farmers’ willingness to participate was 
obtained. It was also made clear to them that if they happen to be in the communication 
intervention group, their conversation would be recorded on the smartphone for a 
research purpose and this was confirmed with a consent form. Farmers from the same 
village then drew a lottery to go into the different intervention and non-intervention 
groups and were given a unique identifier. All participants from all groups were then 
administered with a registration checklist containing general socio-economic and 
potato production practice-related questions. Two parallel information-sharing sessions 
that approximately took 45 minutes were held with farmers in all intervention and non-
intervention groups. The session for intervention 1, intervention 2 and intervention 4 was 
about the interdependency originating from the collective risk and benefit of individual 
management practices. The session with farmers in the non-intervention and intervention 
3 was on potato nutrition a topic with little connection to their fungicide spray decision 
making choices. All the farmers then came together for a chart-based explanation on the 
game framing as detailed in sub-section 3.3. 

Game framing
Farmers were informed that they would be compensated for their time in the game, 
they were guaranteed to take home 600 Ethiopian Birr (about 22 USD then), and in the 
best-case scenario, they could take home 1200 ETB. It was explained that they were 
going to participate in a game where they all played themselves as potato farmers. It was 
emphasized that late blight is a disease that can spread from field to field, as it is air-
borne, and any unsprayed field at the time of disease occurrence would be a source of 
infection to neighboring fields. In reality, all farmers spray fungicide to control late blight 
and the point of the game was for them to decide about fungicide spraying which is a 
real-life investment that they make to control the late-blight disease. They could choose 
not to spray, to spray once, twice, thrice or four times during the whole game. The game 
with four rounds was assumed to represent one potato growing season as farmers also 
make multiple spraying decisions in a particular growing season. They were informed 
that the game was played in a group of five people that were anonymous to each other 
and the group success in managing late blight depended not only on the decision of the 
individuals but also on the decisions of others in the group. 
	 Before the first game round, everyone received an initial endowment of 600 ETB which 
symbolized the amount of money they spent to buy the required quantity of fungicide in 
a particular growing season. If their decision was to spray, they needed to put a 100 ETB 
note in an envelope and secretly put it in a ballot box. If they chose not to spray, they 
would submit an empty envelope. 
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	 If a group reached a total investment of 1500 ETB by the end of the fourth round, it 
meant that they managed to protect their field from late blight. If their investment was 
below 1500 ETB, the disease hit and caused damage. After the end of the fourth decision, 
there would be a harvest time that depended on their individual and group contribution 
or the number of fungicide application.  

1.	 When a group managed to reach the threshold of 1500 ETB, every player received 
an extra 600 ETB as a ‘successful harvest’ money. Every player also kept the money 
they had left from their initial endowment of 600 ETB. For instance, if a farmer 
sprayed only two times (200 ETB) and his group controlled the disease, he would 
receive 600 ETB harvest money and also kept his remaining 400 ETB taking home 
a total of 1000 ETB. In this way, the amount of ‘take-home’ money could differ 
between farmers based on their spraying decision creating a dilemma situation.  

2.	 When a group did not reach the threshold of 1500 ETB, it meant that the spraying was 
not enough, the late blight hit the crop and their harvest was affected. In such a case, 
if an individual in a group sprayed four times, it meant that s/he managed to control 
the late blight a bit and his/her harvest got him/her 400 ETB. Three times spraying 
got him/her 300 ETB. Two times spraying got him/her 200 ETB. One time spraying got 
him/her 100 ETB. Zero spraying got him/her nothing or 0 ETB. Although the harvest 
money of individuals in a losing scenario depended on the number of individual 
sprayings, they also kept the money left in their pocket at the end and everyone finally 
took home 600 ETB. Apart from a way of compensating farmers for participating in 
the game, this was with the assumption that farmers, as rational decision-makers, 
normally aim for controlling the disease (get better harvest). However, they still have 
a dilemma situation or an incentive to free-ride and save more money in their pocket 
with the hope that other group members might contribute enough to control the 
disease.          

After the explanation, all participants, with the exception of the communicating groups, 
went straight to making their first spraying decision. The communicating groups were 
separately given a small hands-on training on the use of the smartphones, the group 
communication app (Voxer) with a nudge that if they saw a need they would have a 
chance to communicate within their group members about the game. The communication 
groups then went to their first round of decisions.
	 The first decision was made on the first day, the second decision on the morning of 
the second day, the third decision in the late afternoon of the second day and the last 
decision was made on the morning of the third day. Unlike the conventional multiple 
round game procedure (Miliniski et al., 2008) where each round continued right after the 
former, we let players have at least eight hours between rounds so that farmers in the 
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communicating group would have the opportunity to communicate if they saw the need.  
After each round of the game, only players in intervention  2, 3 and 4 were individually 
given monitoring information or information on the decision of others in their group. 

Quantitative data and analysis
Spraying decisions of 225 farmers from all intervention and non-intervention groups were 
used as the data source for the quantitative analysis. Within the different intervention 
and non-intervention groups, if a farmer was in a group that reached the threshold of 
1500 ETB after 4 rounds of spraying decisions, s/he was given a value of 1 and if s/he 
was in a group that did not meet the threshold after 4 rounds of spraying decisions, s/
he was given a value of 0. Accordingly, we had 225 data points produced from a total of 
900 spraying decisions. The effect of the four interventions (interventions 1, 2, 3 and 4) 
was compared relative to the non-intervention group. To improve the precision of our 
estimates, the measurement of the effect of the different interventions was controlled for 
individual attributes (age, sex, education, household size, potato farm size, perceived late-
blight seriousness, mainly seed producer, mainly ware producer, mobile phone ownership, 
and smartphone ownership) and kebele fixed effects. We used multiple linear regression to 
estimate our outcome variable which was the likelihood of reaching a goal (threshold) to 
control late blight under the different communicative intervention conditions. The model 
used to estimate reads: 

Where Yi is the value of the threshold variable for respondent i, Ti  is the intervention 
dummy, C is the constant term or the value of Yi when all the other variables are equal to 
zero.  Xi is a vector of control for individual attributes, K is the kebele fixed effect and ϵi is a 
random error term. α is the coefficient of interest identifying the effect of the interventions 
on reaching the threshold. The regressions were done on the STATA version 15.1 software 
package.                

Qualitative information and analysis
In order to understand the underlying mechanisms as to how the different communication 
interventions were influencing farmers’ decisions and the role of smartphones as a 
medium of communication, qualitative data were generated from two sources. Individual 
interviews were conducted with a total of 27 participant farmers, selecting 3 farmers from 
each kebele. The interviews were done right after the end of the game in each kebele 
so that farmers still had fresh memory on their overall experience. The checklist for 
the interviews was developed in such a way that it encouraged farmers to share their 
reflections on the different communicative interventions and the way they related the 
game with their real-life situation as potato growers. The second qualitative data source 
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used to explain the mechanisms behind the quantitative findings was the recording of 
the phone conversations of the farmers that were given the opportunity to communicate. 
When farmers came to play between each round of the game, the records were constantly 
downloaded and the phones cleaned up for the next round of conversation. All the 
qualitative information from the interviews and the phone records were fully translated 
and transcribed from the local languages ‘Afan Oromo’ and ‘Amharic’.
	 The transcribed information from interviews and phone conversations were uploaded 
on ATLAS.ti software as separate files. Three code categories (Coordinating collective 
strategy, Discouraging free-riding behavior and Creating a sense of group identity) were 
created in line with the reviewed conceptual literature on communicative intervention 
and collective action in section 2.2. The transcribed information from the two different 
sources was then openly coded into the three code categories. An inductive analysis 
of the transcribed information also generated another three themes (Understanding 
interdependency, Learn about others’ behavior and adjust own decision and Implications of 
using the smartphones) that mainly investigated farmers’ opinion and sense-making of the 
technical information on interdependency, monitoring information, and (dis-)advantages 
of using the smartphones as a communication medium.       

Results

In a brief descriptive part, section 5.4.1 presents some general information about 
potato cultivation and late-blight disease in the study sample area. Findings from the 
quantitative analysis related to our hypotheses are outlined in section 5.4.2. Section 5.4.3 
presents a qualitative explanation of how our communication intervention contributed to 
the observed differences in collective action. The last section (5.4.4) explores some of the 
contextual implications of using smartphones for communication.       

 General information about the study population 
The livelihood of most farmers in the study area is primarily dependent on the cultivation 
of potato, cereals such as wheat, barley, and pulses such as faba beans and chickpeas. 
Some farmers also engage in off-farm activities, mainly as daily laborers in nearby private 
flower farms and a cement factory to generate additional income. As the study district is 
located in one of the biggest potato producing areas in the country, potato cultivation 
is by far the most important source of livelihood for farmers. Table 2 gives a general 
summary of the relative importance of potato cultivation to farmers’ livelihood compared 
to other income sources in the study area. More than 99% of the respondent farmers 
labeled potato cultivation as very important or important.     
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Farmers’ perception of the problem of late blight is another important factor in their 
efforts in managing the disease.  The farmers rated the extent of the problem of late blight 
to their potato cultivation. The disease was categorized as either a serious or a very serious 
problem by 80% percent of the farmers and 99% of the respondent farmers labeled it as 
a problem (Table 3).   

Variations among the different communicative interventions 
The regression outputs on the effect of the different communicative interventions on the 
level of collective action in the management of late blight are presented here.  

Table 2: Importance of potato cultivation for livelihood.

Rating     Frequency Percent Cumulative (%)

Very unimportant 1 0.4 0.4

Unimportant 0 0.0 0.4

Important 20 8.9 9.3

Very important 204 90.7 100.0

Total 225 100.0

Table 3: Importance of late blight as a problem.

Rating Frequency Percent Cumulative

Not a problem 2 0.9 0.9

A mild problem 43 19.1 20.0

A serious problem 63 28.0 48.0

A very serious problem 117 52.0 100.0

Total 225 100.0
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Hypothesis 1
In the first hypothesis, we predicted that having technical information about 
interdependency or the collective risk and benefit of individual management 
practice (fungicide spraying) would have a positive effect on farmers’ collective action 
performance. Contrary to our expectation, the interdependency information did not 
trigger farmers to collectively act  (Table 4). In fact, while about 45% of the farmers were 
in the non-intervention groups that reached the threshold, with technical information 
about interdependency only 33% of farmers were in groups reaching the threshold. The 
difference is not statistically significant.  

Hypothesis 2
In the second hypothesis, we expected that additional monitoring information on the 
decision of other group members (Table 4) would further enhance collective action 
among farmers. Interestingly, having such information on top of the technical information 
significantly worsened (p=0.012) collective action performance. Again conflicting with 
our hypothesis, the additional monitoring information further impeded the performance 
of the groups; only 34 % of the farmers were in groups that reached the threshold. This 
is the only intervention group where male farmers performed significantly better than 
their female counterparts. However, with the small number of female farmers (4 farmers) 

Table 4: Communicative interventions and spraying threshold levels as a measure of collective 
action.

% of farmers in groups 
reaching threshold

P-value R-squared 

Non-intervention  mean 0.44

Technical information about 
interdependency

-0.11
(0.0692)

0.125 0.679

Technical information about 
interdependency
+ Monitoring information

-0.10
(0.037)*

0.012 0.910

Monitoring information 0.13
(0.040) *

0.002 0.912

Technical information about 
interdependency
+  Monitoring information 
+ Group Communication

0.12
(0.039) *

0.003 0.903

Kebele fixed effects Yes

Additional controls Yes

Observations 225

Standard errors are reported in parenthesis. * p < 0.05. Additional controls include Age, Male 
dummy, Education level, Household size, Potato farm size, Perceived late-blight seriousness; Mainly 
seed producer; Mainly ware producer; Mobile phone ownership; Smartphone ownership. See Tables 
A1-A4 in the Appendix for full details of the control variables and their coefficients. 
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in the group, a note of caution is to refrain from using this information as evidence of a 
meaningful positive effect on male farmers than on their female counterparts. 

Hypothesis 3
Our assumption was that the role of monitoring information on collective action only is 
not sufficient to stimulate collective action and farmers need technical information about 
their interdependency in addition. However, our analysis (Table 3) showed that having only 
monitoring information had a positive effect on farmers’ collective action performance. In 
this intervention condition 57% of the farmers were in groups that reached the threshold, 
which is 29% higher relative to the non-intervention condition. This provides evidence 
that the influence of monitoring information on collective action indeed depends on 
whether or not farmers have technical information about their interdependency, but not 
as expected. This finding also signals the uncertainty of using only monitoring information 
to explain the role of information in altering collective action performance. 

Hypothesis 4
Finally, we predicted that allowing people to communicate on top of the technical 
information about interdependency and monitoring information would produce the 
highest level of collective action. As can be inferred from Table 4, having the opportunity to 
communicate has noticeably improved collective action among the farmers in managing 
the disease. In this intervention condition 56% of the farmers were in groups that reached 
the threshold. This is a significant (p=0.003) increase of 27%  relative to the performance 
of farmers in the non-intervention condition. The increase in performance was even 
more dramatic when one notices the neutralization of the negative effect of technical 
information and monitoring information when the opportunity to communicate is given. 
In this regard, there was a 65% increase in collective action performance relative to the 
farmers in the intervention group that has both technical information and monitoring 
information. 

 How did the communicative intervention influence collective action?
This result section presents detailed qualitative explanations underlying the observed 
effect of the communicative interventions on collective action. The first two themes (sub-
sections 4.3.1 and 4.3.2) mainly relate to the communicative interventions on the provision 
of technical information and monitoring information. The rest of the themes (sub-sections 
4.3.3, 4.3.4 and 4.3.5) cover explanations about the role of group communication in 
influencing collective action performance. 
 

Understanding interdependency
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In contrast with the assumptions, farmers’ awareness of their interdependency through 
technical information has actually encouraged them to pursue an individualistic goal or 
to free-ride. Farmers’ statements on why they would spray their field or advise neighbors 
to do the same when they saw late-blight symptoms in their own or their neighbors’ fields 
attested this tendency. On his new perspective on interdependency and the ‘benefit’ that 
could come with it, a farmer said, “Today, we saw an interesting thing. We understood the 
transmission of potato late blight from someone’s field to other farmers’ fields. For example, 
if there are 10 hectares of potato field in an area and if 8 hectares got sprayed, the sprayed 
fields may help in reducing late blight on the fields that never got sprayed”. Another farmer 
described the dilemma situation they were in, “There are some individuals in dilemma 
thinking about the advantage they may get from farmers spraying their potato field near their 
own field”. Similarly, a farmer shared his opinion on why some farmers in his group did not 
contribute to the collective management of the disease, “The reason why some farmers 
didn’t contribute to spraying is that they hoped that if their neighbors would spray, they would 
benefit from them”. 
	 Contrary to this dominant tendency, the understanding of interdependency 
stimulated some farmers to be more cooperative or show altruistic behavior. A farmer 
stated his willingness to even compensate for other farmers, “I spray for fear of the spread 
of late blight to my field. Even if the person lacks money for buying a chemical, I have to help 
him in buying the chemical”. The realization of this type of interdependency influenced 
another farmer to say, “So far, I have been doing nothing even if I see late blight on others’ 
fields. But, after this training, I understood the importance of discussing with the other farmers 
and mobilize them for spraying in order to manage the disease. I also realize even to sue a 
person if s/he is not willing to spray”.

Learn about others’ behavior and adjust own decision 

The provision of monitoring information on the decision of other group members after 
each round of the game appeared to stimulate farmers to adjust their own decision. 
Knowing about the choices of other farmers without being able to communicate with 
their group members, the farmers appeared to rely on their individual judgments only and 
make choices either to compensate for free-riders or to free-ride themselves. As can be 
seen in the following interview quotes, some farmers covered for free-riders within their 
groups. “When I heard others didn’t contribute to managing the disease, I decided to provide 
extra contribution” was a statement from a farmer. Another frustrated farmer shared his 
experience, “I sprayed all the time because others were not, but it is sad we still failed!”. Even 
though no farmer during the interview dared to say that s/he free-ridded after learning 
the behaviors of others, our quantitative result has provided evidence that the effect of 
having additional information on the contribution of others negatively affected collective 
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action performance. This meant that the dominant strategy was to decide to free-ride 
when farmers learned their group members were not contributing enough.  

Coordinating collective strategy

Under the condition of group communication, the farmers discussed their performance 
after each round of the game and coordinated their collective spraying strategy. They 
explained their efforts to organize themselves in terms of a collective goal, “Well, I hear 
the voicemail and get all the suggestions from the other people and discuss how much is 
left to reach the target......; “We talked about the amount collected in each round and we 
made suggestions on the amount that needs to be contributed between rounds”.......; “Three 
of us discussed how to get to the target but we failed as a group because two farmers were 
not communicating with us”. Correspondingly, farmers being the subject of the other 
communicative interventions, described how they could have benefited if they had a 
chance to interact before making decisions. A farmer uttered, “It would have helped us 
advise each other about what to do prior to giving decisions to spray or not to spray”. Another 
farmer added, “we would have discussed that we have contributed this amount of money on 
the first round and advised each other on the amount of money to contribute on the second 
and third rounds”.    
	 Voice records on the smartphones of the communicating groups provided a strong 
account of the considerable effort devoted by farmers to calculate and check their 
collective performance. A farmer emphasized, “You heard our score and we missed 100 ETB 
today. Please let’s try to compensate for the gap by contributing at least 200 birr”.  Another 
farmer voiced, “Today is the last day of the game. We, my group, have contributed around 
1000 birr. So contribute the rest and don’t try to save the money”. When a farmer realized that 
they had already met the target before the last round, he prompted, “We have contributed 
1500 birr. So don’t contribute hereafter, because contributing more than 1500 is meaningless”.   
	 There was one striking finding that is of relevance in understanding the overall 
influence of the communicative interventions and particularly on farmers’ efforts to 
coordinate a collective strategy.  Despite their understanding of the disease controlling 
strategy in the game, some farmers tended to apply spraying practices they have in 
their real-life. Conversation records revealed how these farmers insisted to stick to their 
actual fungicide spraying routine even when they knew it did not correspond with the 
optimal strategy in the hypothetical scenario. A farmer asserted, “As you know, we have 
an experience of spraying up to four times in our area. According to the trainers, contributing 
1500 birr (each spraying three times on average) is enough. But I don’t think this is acceptable. 
Spraying four times is important to get better production. So, each of our group members has 
to contribute 100 Birr in all the four rounds”. Another farmer voiced his dilemma as, “The plan 
for managing potato late blight is contributing 1500 birr or more. But from our experience, we 
spray a maximum of two times. If we contribute based on this experience, we will fail, what 
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should we do?” In an attempt to guide his group members, a farmer said, “we know how 
many times we need to spray to control potato late blight. In this case, spraying one to two 
times is enough in managing the disease”.

Discouraging free-riding behavior

For the reason explained in the methodology section of this paper, group members 
were anonymous to each other, consequently, farmers were not in a position to exactly 
discern between contributors and non-contributors. However, this did not stop farmers 
from putting pressure on free-riders when they knew that the group was not performing 
to their expectations. The phone records clearly captured the pressure farmers were 
trying to exert on cheaters and mobilize other group members to do the same.  A farmer 
denounced the act of an unknown cheater and called for intervention from the others 
saying, “We should struggle against the person who did not contribute to spraying”. With 
what seemed to be categorizing the use of the money for another purpose as a deceitful 
act, a farmer commented, “I think there are some individuals who use the money for another 
purpose”. A farmer who suspected that farmers, who sometimes sent their contributions 
through other farmers, could be the cheaters, said: “Those who are sending an empty 
envelope to another person keeping the money in your pocket have to stop such cheating”.
	 It is also important to mention that interviewed farmers believed that the social 
pressure and, consequently, their collective performance could have been different if 
they had known for sure the free-riding individuals within their groups. “When I suspected 
someone is cheating, I only tried to strongly advise everyone” was a comment from a farmer 
who could not do more than using a triggering strategy. Another farmer expressed his 
regrets for not knowing the responsible person for their group failure, “For example, my 
group was made of five that later failed to control the disease because we were 100 Birr less 
than the threshold. We never got to know who was responsible!”

Creating a sense of group identity

Given the few days (3) the communicating group interacted, it is interesting to see that 
some forms of group identity emerged. The group communication seemed to initiate 
a potentially new identity as ‘joint late-blight managers’, while initially, the farmers saw 
the disease as an individual problem and the need for collective management more or 
less was a new concept to them. A farmer stated, “When we communicate, it motivated us 
to work cooperatively for our shared goal which is to manage the disease that I now know I 
cannot do alone”. This new form of identity is also reflected in the following statements 
when farmers cherished their new ‘expert’ status and claimed responsibility for educating 
other members of the community that they believed had a different understanding of 
the disease and its management. On one of the phone records, a farmer elaborated to his 
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group members “This chance is given us by God. So what if our group members discuss the 
potato late blight? Think about it, it is something that may help us and further, we can teach 
our spouses at home”. A farmer from another group commented, “We have to teach our 
society what we learned about the disease here”.
	 When it came down to the group level, farmers were observed to share ideas on 
how to behave and act as one district collective. This quick identification of oneself as 
a member of a particular group is lucid in the voice record, “Hello my group how are you 
doing? What are you thinking? What is the status of our group?” A farmer reminded his 
group members, “Put the money in the envelope secretly without any advice from others”. On 
the other hand, farmers were open to give or take advice from their own group members 
as an interviewed farmer illustrated, “Yes, people in my group were consulting about my 
decision to spray or not to spray by phone. And I told them my decision. They are my group 
members and since it is for mutual benefit, telling them my own decisions to spray or not to 
spray has no problem”. Although farmers understood that their group performance was 
independent of other groups, they still displayed a competitive attitude or wanted to 
perform better than the others. In the interview, a farmer said, “We also wanted to be better 
than other groups, be competitive”. A recorded farmer uttered, “I have heard that one of the 
other groups has contributed 400. My group members; please think carefully”. 

Implications of using the smartphones
Although the majority of participant farmers had never used smartphones and internet 
before our experiment, with the brief training most of them were able to operate 
the smartphone and the application without much difficulty. As a particular type of 
communication platform, interviewed farmers mentioned some associated advantages 
and disadvantages that impacted the nature and quality of their communication in 
their efforts to collectively manage the disease and beyond. The challenges were mainly 
technical and skill-related on using the touch screen and the Voxer application, and 
the problem of stable internet connectivity in some of the study sites. Operating the 
smartphones was particularly difficult for older farmer participants of the experiment. An 
interviewed farmer commented, “The phone was difficult to use since we are not very familiar 
with such type of phone”. “There was not much problem, but while I was touching, I lost the 
Voxer on the second day and could not receive and send a message” was a statement from 
another farmer. Some of these problems had consequences to their group performance 
according to a farmer who stated, “Three of us discussed how to get to the target but two 
of our group members were not able to communicate with us and because of those two, our 
group failed to manage the disease” 
	 Opinions on the advantages, however, focus on the networking or connective 
features of the platform.  Farmers mentioned interesting insights on the advantages of 
using the smartphones by putting them into perspective with their usual face-to-face 
communication. Emphasizing the connective power of the platform, a farmer stated, “It 
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would have been difficult to meet up and share the different ideas, but because of the phone 
it was not tedious for us”. Another farmer added, “It helped me to discuss with my group 
members when I was at my work without getting the guys physically. That means we didn’t 
need to contact our group members in person to discuss and share ideas about what to do”.  
	 The connective function of the platform is clearly seen in the phone conversations as 
farmers used the opportunity to discuss and share experiences on production practices 
of potato and other crops, and on the importance of getting organized to deal with their 
market problems. Knowing that his group members are from different villages, a farmer 
asked, “If you have any experiences about potato from your area or from other people, let’s 
share with each other”. Another farmer responded, “Before planting a potato, we have to 
have our plan including the way and number of tillage and the season of planting. Then 
after, we have to apply fertilizer during planting and upper dressing. Spraying four times is 
mandatory”. On the problem of unfair market and the need to get organized to deal with 
powerful brokers dictating the market, a farmer commented, “There is a serious problem in 
potato marketing. There is no direct selling of potato to the traders so far. We have been selling 
potato production through brokers which is prohibiting us from getting the right price for the 
production. It is brokers who are getting more benefits at the expense of farmers”. Another 
farmer voiced, “Let us unite and limit the interference of brokers in the market environment”. 
	 If we look into the functional peculiarities of the use of the smartphones as a group 
communication platform, one interesting encounter relates to the ability of such platforms 
to influence people to create a virtual identity or exhibit a sort of different character from 
the way they might behave under other means of communications such as face-to-face. 
While discussing the perceived advantage of the platform, a farmer said, “The phone has 
a great advantage, it helped me talk about anything that is on my mind without any shame. 
Some farmers were even singing to us”.

Discussion 

The role of the communicative interventions
Drawing upon a broader perspective on communicative practices, our study experimented 
with the role of different types of communicative interventions in the management of 
potato late blight as a collective action problem. To this end, we examined to what extent 
and how, 1) technical information about interdependency, 2) monitoring information 
with and without technical information about interdependency, and 3) interactive 
communication among farmers influenced their collective action in managing the disease. 
As highlighted earlier, previous studies on the role of communicative interventions are 
largely concentrated in behavioral economics and mainly attempted to measure the 
effect of monitoring information and group communication as distinct areas of research 
interest (Khadjavi et al., 2017; Opdam et al., 2016; Hashim et al,. 2011; Dietz et al., 2003; 
Crawford, 1998). Our review also failed to find a study that set out to investigate the role of 
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technical information about interdependency involved in management practices either 
in combination with other types of communicative interventions or as one typical case. 
In this regard, it was our assumption that in a context where farmers have very limited 
information on the collective risk and benefit of individual management practice, the 
provision of such information would trigger farmers to better cooperate in overcoming 
their collective problem. Our quantitative results demonstrated that the provision of 
technical information about interdependency did not improve farmers’ collective action 
performance. The proportion of farmers that were in groups reaching the threshold 
(manage the disease) was about 25% lower relative to the non-intervention condition 
even though this negative effect was not statistically significant. Looking into the 
qualitative information on the way farmers made sense of the technical information as an 
opportunity to benefit from the spraying of other farmers, having such information could 
encourage farmers to work against the collective goal of managing the disease.
	 It was also argued that additional monitoring information on spraying practices of 
others would further enhance collective action in managing the disease. Our results 
again revealed that having such additional information even worsen farmers’ collective 
performance whereby the proportion of farmers that were in groups reaching the threshold 
was significantly lower (p=0.012) than the non-intervention condition. Interestingly, 
farmers who were in groups only given monitoring information performed 29% relatively 
higher and significantly better than the non-intervention condition. Our hypothesis on 
the role of monitoring information (hypothesis 3) was in view of existing inconsistency in 
literature on the effect of such type of information and hence, its effect could be influenced 
by whether or not farmers understand the ecological characteristics of the disease that 
makes its management a collective action problem. The result supports our hypothesis 
that the effect of monitoring information could be affected by farmers’ understanding of 
the collective nature of the disease problem and its management. It may be the case that 
if farmers are only provided with monitoring information, they could use the information 
to pursue strategies that they think would maximize their income without relating their 
decisions to their real-life situation or the characteristics of the collective action problem 
at hand. As is further illustrated in our qualitative analysis, what can be inferred from the 
effect of both technical and monitoring information, in a situation where awareness of 
interdependency (technical information) promotes free-riding behavior, knowing the less 
satisfactory collective performance (monitoring information) could further encourage 
farmers to free-ride. When farmers that were in groups with both technical information 
and monitoring information were given a chance to interactively communicate, they 
performed significantly better (27%) than the farmer groups in the non-intervention 
condition and about 65% higher than farmers that were in the groups with both technical 
information and monitoring information. 
	 Against this background, our finding on the role of technical information about 
interdependency by no means leads to a conclusion that the provision of this type of 
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information is detrimental to collective action in the management of the disease. 
Neither does the positive effect of monitoring information lead to the suggestion that 
monitoring of management decisions alone would be a solution to overcome collective 
action problems.  Rather, as demonstrated in the communicating group, it underscores 
the importance of a combination of communicative interventions that go beyond just 
providing information and creates room for farmers to interact, learn and coordinate their 
actions towards a collective goal. As highlighted by Leeuwis and Aarts (2011), beyond 
the provision of relevant information, meaningful change depends on creating a space 
for human interaction and negotiation, and its formation is inherently dependent on an 
interactive form of communication.    

Mechanisms in interactive communication
Previous studies on collective action problems have hypothesized or used qualitative 
case studies to explain the mechanisms under which interactive communication could 
influence collective action (Garicano and Wu, 2012; Cardenas et al., 2004; Dietz et al., 
2003; Ostrom and Walker, 1991). Apart from employing such conceptual perspectives 
to substantiate the role of group communication, our study additionally attempted to 
integrate and inductively investigate how the provision of both technical and monitoring 
information influenced collective action performance as reported in the quantitative 
findings. Through the analysis of interviews and phone conversations, the study provided 
explanations on the way farmers made sense of the information types to inform their 
individual decisions. Interesting accounts were captured that explained some of the 
underlying motives to pursue individual goals rather than a collective one or vice versa. A 
new appreciation of interdependency that stems from the collective nature of managing 
the disease, and the chance to inform their decisions based on the decision of others had a 
meaningful impact in shaping their cooperative behaviors. This brings a fresh perspective 
to existing literature that so far attempted to explain the role of information only from the 
perspective of monitoring information or how knowledge on the propensity of others’ 
to cooperate influences collective action (Fischbacher and Gachter, 2010; Croson and 
Jen, 2008; Croson, 2007). Farmers in the communicating groups used the opportunity to 
coordinate a collective strategy, to put pressure on free-riders and to create a sense of 
group identity that explains the positive effect of the group communication on collective 
action performance. Because of the experimental design choice of our study, farmers in 
a group were anonymous and from the different statements of farmers, the anonymity 
seemed to negatively influence the role of the group communication especially in their 
attempt to discourage free-riding behavior. Even so, they tried to use the opportunity 
to arouse what Ostrom and Walker (1991) called ‘internal guilt’ on individuals who 
were believed to have shown non-conforming behaviors. However, our study would 
not fall short of recognizing the premise that the type of social pressure in collective 
action problem situation is not only about individuals’ perception of the wishes and 
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norms of others but also involves dynamics of power and enforcement whereby the 
detection of individual behaviors becomes important (Cubitt et al., 2011; Ostrom, 1990). 
In general, having a good understanding of the underlying mechanisms would help in 
the development of an empirically validated theory that explains why communicative 
interventions would be (in)efficient in the management of collective action problems in a 
given situation.  From a practical viewpoint, this also provides an opportunity to improve 
or adapt communicative intervention approaches around the management of collective 
action problems.  For instance, the fact that some farmers tried to negatively influence 
other farmers by bringing their real-life spraying practice is one such contextual case that a 
communicative intervention could take into account to optimize its contextual relevance.    

Trade-offs associated with smartphone use  
Finally, our study also assessed the potential trade-offs of using smartphones as a 
medium of option for group communication. Our aim to look into the smartphone as 
a communication tool in a wider communicative intervention was rationalized by 
the fact that the mechanisms underlying the role of the group communication (e.g. 
coordinating collective strategy, pressuring free-riding behavior or creating a sense of 
group identity) are considered to be consequences of the opportunity to communicate 
in general. However, it was in the interest of this study to unravel the potential trade-
offs that could come along with the use of a particular type of communication platform. 
From this end, most of the disadvantages of using the smartphones were related to skills 
on the proper use of the smartphone, and the problem of reliable internet connectivity. 
As much as physical infrastructural and knowledge gaps in the use of ICTs are common 
constraints mentioned in many studies, it is also becoming less and less persistent due 
to the growing investment and rapid ICT expansion in rural Africa (Asongu et al., 2018; 
Maumbe and Okello, 2013; Adam, 2012). Despite some challenges expressed by few 
interviewed farmers, our quantitative results also corroborated that previous exposure 
or being an owner of a mobile phone or a smartphone was not a significant factor to 
influence collective action in both the intervention and non-intervention groups. In 
contrast, an important advantage of using the smartphone relates to its connective power 
that allowed farmers to discuss their strategies when they were physically distant to each 
other. The ability of ICT to overcome geographic barriers has already been an established 
notion with the potential of facilitating new forms of collective action or what Bennet 
and Segerberg (2012) call ‘connective action’. Likewise, the use of smartphones has also 
signaled a prospect for catalyzing wider connectivity beyond the community as farmers 
discussed other issues such as market problems and the idea of getting organized to deal 
with powerful market actors. However, this also demonstrates that such new forms of ICT-
induced connectivity can also be utilized to push other agendas that were not intended 
by a communicative intervention. 
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	 Although it was not raised by many farmers, the idea that the virtual platform 
encouraged people to speak their minds which they could hesitate to do in face-to-face 
communication evoked the notion of ‘digital dualism’. Jurgensen (2011) highlighted that a 
separate digital and physical sphere affects the way people behave that could potentially 
create a ‘second self’. We believe that this could pique interest in future research on 
understanding the diverse implications of ICT-enabled communicative interventions in 
the management of collective action problems.

External validity 
Even though the anonymity among farmers ensured internal validity by minimizing a 
potential bias that could have come from farmers’ interaction in the non-communicating 
groups if they had known each other, the conditions of the experiments do not reflect 
the real-life of farmers. In reality, it is less likely or not commonly the case that farmers 
in a community do not know each other. In this regard, our case study was not free from 
the enduring epistemic dilemma of choosing from or balancing between internal and 
external validity. In addition, for simplifying the game for farmers and logistical reasons, 
the design took (not) spraying as the only important factor in late blight occurrence, 
while in reality other abiotic factors (e.g. temperature, humidity, rainfall) play role in the 
likelihood of disease occurrence. Future research can capitalize on this by including, for 
instance, uncertainty element or multiple scenarios to levels of disease occurrence under 
different environmental conditions. Finally, in the experiment, the farmers did not have to 
invest their own money in disease management or group communication. The latter was 
paid for (internet and mobile data) with an average of 25 ETB or 0.85 Euro cents per farmer. 
As Ostrom (2012) noted,  irrespective of the means of communication, it is rare that the 
opportunity to communicate is costless as someone has to invest money, time or effort 
to create and maintain arenas for communication. Likewise, the research project provided 
the initial spraying investment of 400 ETB (13.60 Euro) per farmer. When designing 
communicative interventions in collective action problem situations it is hence important 
to take into account the sources for the costs of creating a communication space and a 
common good provision investment.

Conclusion 

Dealing with collective action problems such as the management of late blight requires 
more than technical information provision or about interdependencies involved in 
management practices of farmers. In fact, communication practices that are mainly geared 
towards increasing farmers’ awareness of such technical facts could negatively affect 
collective action. Furthermore, providing monitoring information about the practices 
of others when there is already a weak collective action could further promote non-
cooperation in the management of the disease. In light of this, expert advisory services 
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and/or provision of relevant technical and social information have to be complemented 
with interactive communication and deliberation processes that are internally governed 
or managed by communities. This would help in making the best out of advisory services 
and monitoring practices that could otherwise be counterproductive. 
	 From an analytical viewpoint, apart from showing the direction or magnitude of 
relationships between communicative interventions and collective action performance, 
employing conceptual perspectives that shed light on what really happened during 
communicative interventions is an important step in understanding how different types 
of communicative practices facilitate or obstruct collective action in a particular context.  
	 The use of smartphones has demonstrated the potential for such platforms in 
facilitating networking and connectivity among specially and temporally scattered 
community members. However, farmers’ attempt to use the platform for advancing other 
agendas would mean that communicative research and/or development interventions 
need to take into consideration any unintended consequences of using such platforms 
and how these interplay with the envisioned objective of a communicative intervention 
in the management of collective action problems.   
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Introduction 

This thesis has approached the problem of the management of crop diseases, such as 
potato late blight and bacterial wilt, as a collective action problem whose governance 
requires change in the technical and socio-institutional sphere. The study aimed, first, 
to understand and redefine the problem of late blight and bacterial wilt management 
in Ethiopia with a social-technical lens. The problem situation was analyzed within the 
broader crop disease management system that affects practices specific to both diseases. 
Informed by such a scoping phase, it then advanced to investigating the role that different 
social-technical interventions can play in the collective management of crop diseases in 
general and late blight in particular. Late blight was used as a case to generate insights 
specific to collective management of late blight and for crop disease management in 
general. With this objective in mind, the study diagnosed the problem situation, and 
designed and implemented different types of learning and communication interventions 
to answer the following four research questions: 

1.	 How do actors’ view the technical and social-institutional problem features of late 
blight and bacterial wilt and with what implication to the management of the 
diseases? 

2.	 What is the role of farmers’ knowledge and associated practices in the management 
of the diseases? 

3.	 How does social learning contribute to farmers’ collective action in the management 
of late blight?  

4.	 How and to what extent do different types of communicative intervention influence 
farmers’ collective action in the management of late blight?    

The next section of the synthesis chapter (Section 6.1) summarizes the key findings of the 
four research questions. Section 6.2 discusses overarching themes that are considered 
central topics and that synthesize major insights from the different chapters of the thesis. 
In Section 6.3, implications for development and policy action are discussed based on 
the findings of this thesis and the researcher’s personal observations. The final section 
(Section 6.4) suggests ideas for future research. 
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Major findings 
 
How do actors’ view the technical and social-institutional problem features of late blight and 
bacterial wilt and with what implication to the management of the diseases?

The central premise of Chapter 2 is that the management of late blight and bacterial wilt is 
a complex problem with multiple technical and socio-institutional problem dimensions. 
Addressing such a type of problem requires actors to appreciate their interdependency 
and, hence, enhance their coordinative capacity. From this perspective, the chapter set out 
to explore the key technical and social-institutional problem features of the management 
of late blight and bacterial wilt. The study employed a soft systems perspective whereby 
actors’ understanding of the problem and their responses to the problem were used to 
explain the problem situation. The chapter also assessed the potential for community-
based and preventive disease management interventions within which opportunities 
for ICTs or digital platforms are explored. Multiple technical and institutional problem 
dimensions (Disease diagnosis and risk monitoring, Disease management strategy, Seed 
quality control, Research and extension, Politics and power relations and Information sharing 
culture) were used as entry points to examine actors’ understandings, perceptions and 
practices on the problems of late blight and bacterial wilt and its management.   

Chapter 2 provided interesting insights into the informal and less tangible social 
and institutional problem aspects that played a crucial role in shaping practices in 
the management of crop diseases in general and that of late blight and bacterial 
wilt in particular. Lack of a preventive management culture, limited recognition of 
interdependencies between activities of actors, power inequalities, and top-down and 
linear approaches in information and knowledge sharing are among the key systemic 
problems identified. Consequently, management responses mainly involve uncoordinated 
short-term reactions in which potato late blight and bacterial wilt received very limited 
attention compared to other crop and pest disease problems in the country.

Chapter 2 proposed that a bottom-up and participatory disease management strategy 
that can facilitate learning, collaboration and collective action may serve as a tipping point 
or ‘local’ solution to wider systemic problems. A community-based management strategy 
may drive positive change to the problem of late blight and bacterial wilt. Within this 
framework, ICTs and digital platforms were indicated to have a possibility to structurally 
alter the existing top-down flow of information and power inequalities by decentralizing 
information flow, decreasing dependency and providing a framework for shared learning. 
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What is the role of farmers’ knowledge and associated practices in the management of the 
diseases?

Chapter 3 added to the understanding of the problem situation by further exploring 
knowledge and associated practices of farmers as a way of identifying promising entry 
points for learning processes that facilitate either collective management of the diseases 
or a community-based management strategy.  The chapter generated evidence on how 
farmers’ practices, informed by their knowledge, contributed to the spreading of the 
diseases rather than managing it. Existing extension services that enact conventional 
methods of training and instructional approaches were not effective in stimulating 
learning, especially around specific types of knowledge (know-how and know-who 
of the diseases and their management) which require social interaction and practical 
engagement for learning. 

Chapter 3 underlined that farmers need to learn about different aspects of the diseases, 
including causes, symptoms, spreading mechanisms, and how to integrate effective 
management methods into their daily practice. Such learning is suggested in helping 
enhance farmers’ awareness about their interdependency and, hence, emphasize the need 
for collective action. To collectively act, it was highlighted that institutional arrangements 
were needed whereby farmers can mutually agree on different social practices and 
operational procedures through bylaws, monitoring systems, incentives, and sanctioning 
mechanisms. The chapter indicated that enabling, enforcing and evaluating collective 
action in the management of the diseases requires learning processes that, on the one 
hand, aim to enhance technical knowledge and practices to manage the diseases and, 
on the other hand, help forge the required institutional mechanisms. Reflecting on the 
possible roles of digital platforms, especially mobile phones, the study suggested that such 
platforms could play an institutional (e.g. peer-to-peer monitoring of agreed practices) 
and technical function (e.g. early warning/decision support systems or information 
provision on appropriate disease diagnosis or management practices). 

How does social learning contribute to farmers’ collective action in the management of late 
blight? 

Chapter 4 explored the role of social learning in overcoming collective action problems 
in the management of late blight and crop disease management in general. The central 
argument of Chapter 4 reflects the findings of Chapter 3, namely that simultaneous 
learning is needed to stimulate collective action among farmers. Such learning enhances 
technical knowledge about crop diseases and their management, and facilitates the re-
ordering of social relationships and institutional arrangements needed to act collectively. 
Taking late blight as a case, social learning is studied as a communicative process that 
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aligns new knowledge, relations and suggested actions to form the basis of collective 
action in the management of the disease. Collective action was approached both at 
the level of agreements and the actual implementation of the agreements. The study 
presented a number of communicative utterances that aligned new knowledge, relations 
and suggested action (agreements) and the link between the agreements and actual 
collective action.    

The study showed that new knowledge about the less visible life cycle and the spreading 
nature of the late blight pathogen plays a key role in stimulating discussions about relations 
and actions that ended with agreements on nine different practices for implementation 
by farmers. Farmers were able to reach agreements on different social-technical practices 
such as team field scouting for late blight detection, monitoring individual management 
practices and sanctioning non-compliance. Conversely, new insights into important 
ecological characteristics of late blight was not a sufficient reason for some farmers to 
develop interest in engaging in collective practices. Depending on resource conditions 
or the amount of investment that a farmer is able/willing to dispense for management 
practices (e.g. fungicide spraying or labor), the management of late blight can still be 
considered by farmers as a private problem that does not necessarily require them to 
engage in collective practices. 

Chapter 4 also demonstrated that social learning can facilitate the emergence of a 
rudimentary type of institutionalized coercion and new types of reciprocity, such as 
helping fellow farmers in disease monitoring and peer-to-peer financial support to buy 
fungicide. Institutional arrangements in the form of monitoring systems and sanctioning 
mechanisms were found to best stimulate collective action if they emerge and evolve 
within communities rather than being pushed externally. The chapter also documented 
how most of the collective agreements were implemented on the ground and how some 
agreements could not be translated into actual collective action. It was concluded that 
social learning is a necessary condition for collective action but not always leads to it 
as several other factors (e.g. individual farmers’ risk perception, production objective, 
institutional and/or geographic boundary of the problem, etc.) can interplay between 
agreements and actual (collective) action.  

How and to what extent do different types of communicative intervention influence farmers’ 
collective action in the management of potato late blight?

Chapter 5 questioned the role of different types and combinations of communicative 
intervention in overcoming farmers’ collective action problems in the management of 
late blight. Under different combinations, three types of communicative intervention 
were studied: 1) provision of technical information about interdependency from the risks 
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and benefits of individual late blight management practice, 2) provision of monitoring 
information about the management practice (spraying) of other farmers, and 3) 
opportunities for interactive communication among farmers. Chapter 5 also empirically 
assessed the potential trade-offs associated with the use of smartphones as a medium of 
communication in one of the communicative interventions (interactive communication). 

The findings showed that the provision of technical information did not improve collective 
action performance among farmers. This is contrary to the initial assumption in the 
chapter that farmers would cooperate better if they knew that their success in controlling 
the disease depends not only on their individual action but also on the actions of other 
farmers. Linked with the initial assumption, the study also predicted that providing 
additional monitoring information would further improve collective action. However, the 
monitoring information was provided in a situation where awareness of interdependency 
(technical information) was promoting free-riding behavior and this was found to 
exacerbate collective action performance. The study also showed the positive effect of 
monitoring information on collective action when provided alone. This situational role of 
monitoring information indicated how its effect could depend on whether or not farmers 
have technical information about their interdependency given the contagious nature of 
the disease. Opportunities to interactively communicate after farmers were provided with 
technical information and monitoring information wwere found to significantly improve 
collective action. 
	 The chapter provides further insights into how the different types of communicative 
intervention influenced collective action behaviors. The communicative interventions 
helped farmers to appreciate their interdependency, to learn about each other’s behavior 
and adjust their own action, to coordinate a collective strategy, to discourage free-riding 
and to create a sense of group identity. Despite problems with the  ICT infrastructure and 
skill-related challenges, the smartphone enabled broader connectivity among farmers. 
The smartphone allowed them to discuss their strategies and influence decisions, 
even when they were physically distant from each other. Chapter 5 concludes that the 
provision of relevant technical and social information, for instance in the form of expert 
advisory services (conventional extension), could impede collective action unless 
it is complemented with interventions that create a space for an interactive type of 
communication and for deliberation processes. 
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Discussion on overarching themes

Collective action problem features of crop disease management 
The thesis examined the problem of management of crop diseases such as late blight as 
a collective action problem upon which the role of different learning and communicative 
interventions in overcoming the problem was further justified and studied. However, the 
lack of a strong social science perspective on the collective nature of the problem and on 
the management of such a collective problem represents a major gap in the literature. 
Hence, a key motivation for this thesis was to broaden the understanding of the problem, 
and to investigate the types of technical and social-institutional re-ordering needed in 
the management of crop diseases such as late blight. A number of interesting insights 
were proffered in the different chapters of the thesis about the collective action problem 
features of late blight that have important general implications for other contagious crop 
diseases. 

Problem boundary and the difficulty of defining a ‘community’

The collective action approach to the management of late blight was primarily based on 
the spreading nature of the pathogen and farmers’ interdependency in managing it. It has 
been emphasized that the late blight pathogen is airborne and that it is a problem that 
goes beyond an individual farm or farmer (Burke, 2017; Miller et al. 2006). Although it is 
to a lesser degree, late blight pathogen is also a seed-borne (Arora et al., 2014) that can 
travel a much longer distance in the seed system. The movement of the pathogen in the 
seed system brings a different and wider boundary to the problem as it involves farmers 
that can be hundreds of kilometers away from each other but are interacting through 
seed marketing. If one looks into the propensity of late blight pathogen to transverse farm 
boundaries in the air, the boundary is smaller and disease management approaches need 
to deal with geographically closer communities. But when a crop disease is also seed-
borne, the problem boundary becomes larger and management approaches will need 
to involve geographically dispersed communities that sell, buy or exchange seed potato. 

Chapter 4 also revealed institutional interdependencies among farmers in managing the 
disease, such as through land contract farming that gives different responsibilities for 
disease management practices. This issue has also been highlighted by another study 
whereby such institutional type of interdependence among farmers was problematic to 
delineate a boundary on who needs to be included or not included in a disease monitoring 
system (Shiferaw, et al., 2020). This appears to give the problem of late blight, and 
contagious crop diseases in general, a  fussier boundary than other collective problems 
involving relatively geographically defined communities (Cox et al. 2010; Ostrom, 2010). 
For instance, the management of many common-pool resources mainly involves people 
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that are in a relatively distinct geographic area and are found close to a resource (Baggio 
et al. 2016; Ostrom, 2010). 

Such ecological and institutional problem features of late blight have implications for 
the type and nature of the disease management strategy. For instance, it was suggested 
in the diagnostic chapters of the thesis (Chapters 2 and 3) that a community-based 
management approach would be a promising intervention for the management of both 
late blight and bacterial wilt. While this study still strongly advocates for a collective, 
community-driven disease management strategy that embraces change in technical and 
social practices, it also identifies the difficulty of defining what constitutes a ‘community’ 
or ‘community-based’ management when the problem has a fuzzy boundary. Farmers 
from geographically distant areas can still have interdependency relevant for the 
management of a disease. As a result, what constitutes a ‘community’ in the context of 
crop disease management such as late blight is not only defined by interdependence due 
to the spreading nature of the pathogen but also interdependence in socio-institutional 
practices that have consequences for crop disease management.         

The extent of interdependence is dependent on resources

Another feature to the management of late blight as a collective action 
problem relates to the type of farming system and the resource conditions 
of farmers in a particular context. The degree of ‘collectiveness’ of managing 
late blight is higher for farmers that are in a poor resource condition. 
Chapter 4 determined that most well-to-do farmers did not see the need 
to work with others as they believed that they could control the disease 
with spraying as required. This clearly indicates that the level of farmers’ 
interdependence in managing the disease can be affected by farming 
systems and resource conditions. This is consistent with the premise 
that public good features of a disease management strategy depend on 
specific agro-ecological features of the disease, the available technological 
options, and community-specific social conditions and resources (Leeuwis 
et al., 2018). 

The importance of awareness of the ‘collective’ nature of the problem 

An important aspect of approaching crop disease such as late blight as a collective 
problem and, hence, in the design of management strategies is farmers’ understanding 
or perception about the ‘collective’ nature of the problem. The thesis thus highlighted 
the existing inattention in the literature to the vital question of whether communities or 
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resource providers are aware of their interdependence from the perspective of disease 
management. The existing inattention appears to presuppose that people understand 
that they have a collective problem and the dilemma of conflicting individual versus 
collective goals. In this thesis, it is clearly shown that this is not always the case, especially 
not for crop diseases that are characterized by less visible pathogens, hosts, environment 
and human interactions. As can be observed from the discussion in the next sections, 
this understanding shaped the perspective underpinning the design of the interventions 
studied in Chapters 4 and 5.  

Social learning approaches in crop disease management 
The critique in this thesis on the implicit assumption in the literature that people 
recognize their collective problem and appreciate their interdependence in managing it 
has important implications to the social learning approach employed in the study. This 
sub-section reflects on the methodological and analytical approaches to social learning, 
relevant for the management of late blight and crop disease in general.     

Facilitated versus self-organized learning

Social learning can take place as a result of guided processes in which external intervention 
mainly takes the form of facilitation. It can also result from self-organized processes among 
people interacting in different platforms and settings (Koontz, 2014; Leeuwis and Pyburn, 
2002). In this case, the fact that farmers do not see the need to collectively act meant that 
an externally facilitated learning intervention was necessary at the initial stage to help 
highlight interdependency. However, as was demonstrated in Chapter 4, some learning 
processes and evidence of social learning occurred without external facilitation, such as 
self-initiated, gradual inclusion of more farmers and the re-consideration of a sanctioning 
system after it was initially dismissed when suggested by a learning facilitator. This 
demonstrates that externally facilitated social learning interventions can still be relevant 
in contexts where communities do not themselves see the need to coordinate their efforts. 
However, even in such contexts, a learning intervention has to balance between bringing 
the need to work together to the community’s attention and creating ample space and 
modality for self-initiated, emergent processes of social learning.  

Analyzing processes of social learning 

A useful addition to the discourse on social learning related to crop diseases management 
is the conceptualization and analysis of social learning as an emergent, adaptive and 
iterative process of knowledge co-production, changing relations and actions. Tracking 
such processes was shown to be an important undertaking in order to understand how 
and why certain learning processes led to change in practices or collective action while 
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others did not. In this context, the thesis also demonstrated that the analysis of verbal 
communications or discursive interactions of people is a powerful way of analyzing social 
learning processes. As also noted by Gee and Green (2014), verbal communication remains 
the most common way of producing and transmitting meaning in society. 

The role of communicative interventions and complementarity with 
social learning 
The social learning study (Chapter 4) and the study on communicative interventions 
(Chapter 5) were informed by perspectives rooted in different disciplines and fields of 
research. However, both studies aimed to understand the role of two different but 
complementary types of intervention in addressing a similar collective action problem 
situation.  In this regard, some important complementarities are drawn from the different 
conceptual lenses and the findings in Chapters 4 and 5. 

Technical information about interdependence 

Although the literature on communicative practices provided useful insights into the role of 
social information and peer-to-peer monitoring in overcoming collective action problems 
(see Chapters 1 and 5), it rarely focused on the importance of technical information on 
interdependencies from the biophysical features of crop diseases. The fact that farmers 
essentially perceived late blight as an individual problem, needing an individual solution, 
highlighted the contextual relevance of an ‘enlightenment mode’ of information provision 
(Leeuwis and Aarts, 2016) on the biophysical/ecological features of the disease that 
makes it a collective problem. Both the social learning and communicative intervention 
studies appreciated this to be an important first step as people need to be convinced 
why collective action is necessary in the first place. As Röling (2002) also noted, perceived 
interdependence is a crucial factor and a precondition that urges people to work together.  

Interactive communication and deliberation processes 

Similar to findings related to social learning, our findings on the role of the different 
communicative interventions also indicated that interactive communication and 
deliberation processes are key in the collective management of crop diseases. Through 
the communicative intervention, the study generated interesting accounts on why some 
types of stand-alone expert-driven information provision about important technical facts 
(e.g. collective risks or benefits of spraying) could undermine collective action. This finding 
is particularly striking because the counterproductive effect of technical information was 
not evident in the social learning study (Chapter 5) as processes of new information/
knowledge on the disease dynamics and interactive deliberation were interwoven. 
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Regulatory institutions

A key insight from the social learning study is the importance of regulatory institutions 
in the collective management of crop diseases. This was not found in the communicative 
intervention study. Even though interactive communication among farmers was found to 
discourage free-riding behavior, findings from the social learning study showed that such 
interactive communication and deliberative processes could further enhance collective 
action if it leads to some type of coercion or sanctioning system. In this regard, sanctions 
could play an important role in dealing with non-compliance from individuals who may 
have relevant technical and social information, and opportunity to communicate with 
peers but still managed to free-ride. However, as is demonstrated in the same study, a 
social learning process should lend itself to the emergence or evolution of such institutions 
within the community.  
  
Implications for development interventions, policy action  

The findings of this thesis have practical implications for the design and/or implementation 
of development and policy interventions and, in particular, for organizing efficient 
extension and advisory systems.  

From centralized extension system to a decentralized learning system

This thesis has revealed that farmers understand crop diseases like late blight and bacterial 
wilt as an individual farmer’s problem that can be managed with farm-level practices.  
There are different governmental and non-governmental initiatives working to improve 
the potato production system in the country through advisory and regulatory work 
with individual potato growers, and mainly through collective schemes such as farmer 
cooperatives, community-based seed enterprises, QDS (Quality Declared Seed), etc. 
(Damtew et al., 2018; Hirpa et al., 2010; Gildemacher et al., 2009). These schemes are put in 
place in a situation where farmers are not aware that they are dealing with contagious crop 
diseases and that management of these diseases requires collective action. With farmers’ 
limited understanding of the importance of working together to manage crop diseases, 
the main incentive to participate for farmers in the different schemes and the associated 
monitoring work might be the likelihood of selling their seed tubers at a slightly higher 
price or avoiding the risk of rejection of their potatoes by the inspection bodies (Shiferaw 
et al., 2020). This is problematic in a situation where there is a weak monitoring, regulatory 
and certification system as farmers tend to focus on getting their seeds to market rather 
than on the importance of producing disease-free potato for their own benefit and also 
for the whole potato production system. Designing learning processes that promote 
knowledge production and sharing on the diseases and their spreading mechanisms, skills 
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in disease diagnosis and (collective) management techniques, including where to find this 
information, would help farmers understand their interdependency among themselves 
and also with other actors operating the system. This can then justify, in the eyes of the 
farmers, the relevance of different institutional mechanisms and monitoring systems (e.g. 
activity monitoring; development and enforcement of rules and sanctions; resources for 
monitoring etc.) to collectively and sustainably manage crop diseases (Shiferaw et al., 
2020).  This brings again the issue of whether such institutional mechanisms have to be 
externally driven (as it is now the case) or internally developed as part of a facilitated 
learning process. The best way would be creating the learning space for such institutions 
to be championed and managed by the community, and the role of external intervention 
should be geared towards facilitating access to relevant technical information and 
creating opportunities for interaction and deliberation processes. In this way, farmers will 
have a chance to reflect and learn from their decisions and actions, and inform their future 
behavior towards collective action in the management of crop diseases. 

The existing extension service pursues an instrumental advisory approach and is focused 
on the provision of expert information. It then becomes a bit paradoxical that farmers 
have very limited technical information about the diseases and management practices. 
In this regard, facilitating access to relevant technical information is still important while 
the realization of the need to collectively act is the starting point. In the existing extension 
system, there is little opportunity for farmers to deliberate, negotiate and resolve 
dilemmas between individual and collective interests. A shift towards more decentralized,  
horizontal communicative interaction and information sharing practices can facilitate 
the needed change in social-technical practices in the management of diseases such as 
late blight and bacterial wilt. Likewise, any envisaged role for ICTs or digital interventions 
can then be embedded in a broader change from a centralized extension system to a 
decentralized learning system. In this regard, existing promising initiatives, such as the 
Agricultural Transformation Agency (ATA) ICT-enabled advisory system, have to place 
emphasis on using such platforms to amend the existing linear,  top-down extension 
system. A ‘technology-deterministic’ practice of bringing ICTs into a highly centralized, 
top-down extension approach might further amplify existing information asymmetry 
between experts and farmers.    

The importance of understanding the context

Research and development projects need to give priority to understanding the problem 
context when designing interventions in the management of crop diseases. For 
improvement, knowledge of the current situation should be the starting point. Having a 
good understanding of the context is crucial in the design of an intervention that fits well in 
the situation and that adapts with emerging concerns and priorities. In this study, the weak 
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cooperation, top-down information and knowledge sharing culture was instrumental in 
informing social-technical disease management interventions in the study. The idea of 
‘knowing the context’ needs to be seen from the perspective of informing intervention 
design processes rather than serve as a benchmark to an already designed or planned 
intervention. Hence, the recommendation is markedly different from doing the normative 
baseline study of collecting information to be later used in measuring outcome/impact of 
an intervention with predefined changes or impact pathways. In this way, interventions 
or projects have a chance to not only set agendas that are demand-driven, but they can 
also enhance their adaptive capacity in the face of a dynamic and very uncertain problem 
situation.    

Apart from insights from this thesis, the researcher’s practical experience in research 
and development in the study context has shown him the strong tendency of both 
governmental and non-governmental actors to rush quickly into designing and/or 
implementing interventions. There also seems to be an ever-increasing pressure on 
development practitioners, policymakers and researchers to generate evidence and show 
impact of their interventions. This urge for delivering impact is understandable when one 
takes into account the pressing societal needs of rural communities and the apparent 
time and resource limitations of projects. Nevertheless, a meaningful change can best be 
realized if the design process and implementation of an intervention is well informed by 
local realities. Although projects should not necessarily spend half of their life analyzing 
the situation, there should be a genuine desire and attempt to have a good understanding 
of local realities. This includes leveraging information from previous projects and also 
undertaking rigorous documentation of one’s own journey to serve as a resource material 
for future initiatives. 

Implications for future research

System-wide learning

The thesis revealed the technical and socio-institutional problem dimensions of the 
management of late blight and bacterial wilt, also relevant for the management of 
crop diseases in general. The diagnostic analysis was done at systemic and farmer level. 
The analysis led to the premise that community-based learning and communicative 
interventions can catalyze changes in farmers’ collective action and may also have the 
potential to stimulate changes in practice in the wider system. While the thesis generated 
empirical evidence that changes in collective action can be stimulated at the community 
level (Chapters 4 and 5), it did not further explore whether and how these changes 
could instigate changes in collective action in the broader system. For instance, the fact 
that farmers sought technical backstopping on seed selection from the local research 
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center but decided to deter potential involvement of local government experts in their 
own monitoring work (Chapter 4) suggests that there are different implications of the 
community-focused learning for a system-wide change in practice. The fact that diseases 
such as late blight and bacterial wilt have multiple infection mechanisms may not only 
complicate the collective problem features of crop diseases but also the type and scale 
of collective practices that might be needed to effectively manage them. In this regard, 
further empirical research on how community-level learning interventions in disease 
management as a ‘niche experiment’ could instigate systemic learning and change in 
practices of actors in the broader system would be imperative. The ‘system’ can include 
actors operating in potato producing areas or regions, such as regional agricultural offices, 
regional seed quality inspection offices, local government research centers, farmer-based 
organizations, NGOs and private sector actors.  

Finding a grey area for regulatory institutions  

The thesis has shown how regulatory institutions, emerging as part of a social learning 
process, could promote collective action in the management of crop diseases.  However, 
it is also clear from Chapter 2 that the management of crop diseases also requires a formal 
institutional arrangement that is controlled and run by the government, such as disease 
and seed quality inspection, licensing, and certifications. This means that community-
managed disease monitoring and governance systems are expected to complement 
and comply with the formal arrangements. In this regard, future research in crop disease 
management strategies could look into how a community-managed disease management 
systems could interact, interplay, or bricolage with the formal institutional arrangements. 
The bricolage processes relate to how newly introduced community-based arrangements 
and established formal institutions are revised, adapted and socially embedded or 
abandoned over time (Cleaver, 2012). The understanding of bricolage might make it 
possible to develop recommendations on how promising institutional arrangements at 
the community level can find their way to influence wider systemic change without being 
compromised by powerful actors, such as the government. 

A room for tailoring communicative interventions 

The thesis has emphasized the knowledge-intensive nature of management of crop 
diseases, the importance of peer-to-peer monitoring and interactive communication 
to deal with collective action problems. Although the social learning study (Chapter 
4) underscored that having new technical knowledge and peer-to-peer monitoring 
stimulated collective action, findings of the communicative intervention study (Chapter 
5) indicated that having similar information can have a counter-productive role if not 
supported by interactive communication. Future research could focus on exploratory 
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investigation of why farmers make sense of the technical or the monitoring information 
the way they do. This sense-making could be shaped by various social factors such as trust 
issues, norms of reciprocity or previous community experiences in collective engagement. 
This could add to the understanding of why farmers, for instance, pursue individual actions 
rather than going for actions that ensure collective benefits (Ostrom and Walker, 2003). An 
in-depth contextual understanding of these factors could help in the design of interactive 
communication and negotiation processes that are tailored to a specific community or 
problem context.  
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Summary

Despite previous attempts by governmental, non-governmental and research 
organizations, potato late blight and bacterial wilt are still rampant in Ethiopia, 
compromising potato production in the country. This thesis starts with the argument that 
to be able to effectively manage such disease, it is imperative to have a fresh perspective 
and a deep enough understanding of the problem situation which, in turn, can inform the 
type of disease management strategy that needs to be put in place. With this objective in 
mind,  the study set out to understand the problem of late blight and bacterial wilt with a 
social-technical lens, and to explore the roles that different social-technical interventions 
play in the management of crop diseases, particularly late blight. Consequently, the 
first two empirical chapters (Chapters 2 and 3) of the diagnostic phase examine the 
multidimensional problem situation of late blight and bacterial wilt management. In the 
intervention phase (Chapters 4 and 5), different types of learning and communicative 
interventions are studied. 

The central tenet of Chapter 2 is that the management of late blight and bacterial wilt is a 
complex problem, and that addressing complex challenges require actors to understand 
the multi-dimensional problem aspect of crop diseases, such as late blight and bacterial.  
The study assesses actors’ understanding of the technical and institutional dimensions of 
the complex problem situation of late blight and bacterial wilt management, and how their 
understanding of the situation  facilitates or hinder collective action in the management 
of the two diseases. The chapter highlights how actors essentially overlooked key systemic 
problems while their management responses are mainly geared towards uncoordinated 
short-term reactions. Limited recognition of interdependency and a generally top-down 
intervention approach stand out to be key systemic factors. The chapter concludes that a 
bottom-up and participatory disease management approach can serve as a ‘local’ solution 
to a wider systemic problem and can facilitate collective action to deal with the problem. 
The chapter also suggests that more insights into farmers’ knowledge and associated 
practices can lead to the elaboration of specific recommendations to catalyze learning 
and collective action at the community level. 

Chapter 3 adds to the understanding of the problem situation and further explores 
requirements for a bottom-up, collective management strategy for the two diseases. The 
study assesses the knowledge and associated practices of farmers, providing insights 
into relevant knowledge and practice gaps and ideas for the types of learning processes 
that might be required. The chapter argues that farmers’ practices are informed by their 
knowledge about the diseases and demonstrates how farmers’ limited knowledge is 
influencing their ability to effectively deal with the diseases. The study emphasizes that 
learning approaches which reveal the technical aspects of the diseases and learning 
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processes that highlight interdependency and the benefits of collective action are an 
important requirement if communities are to forge an effective management strategy.

Chapter 4 takes late blight as a case, arguing that learning has to simultaneously address 
the social and technical features of crop disease management if it is to foster collective 
action at the community level. On the one hand, relevant technical knowledge of the 
biophysical and epidemiological nature of diseases and of available management 
options is key in informing technical management practices while, on the other hand, 
the management of shared problems requires a re-ordering in social organizations 
that shape and modify social practices. We found that learning about the life-cycle and 
mobility of the late blight pathogen played a key role in stimulating collective action. 
Farmers were able to reach agreements on novel social-technical practices, such as team 
field scouting for late blight detection, monitoring individual management practices and 
sanctioning non-compliance. The chapter also demonstrates that regulatory institutions 
can emerge as part of a social learning process. Accordingly, the chapter highlights that 
institutional arrangements in the form of monitoring systems and sanctions would best 
stimulate collective action if they emerge and evolve within communities rather than 
being imposed externally. 
  
Taking a ‘public bad’ perspective to crop disease such as late blight, Chapter 5 investigates 
the role of different types of communicative intervention on collective action performance 
of farmers in their efforts to manage late blight. Three types of communicative practices 
were experimented with in a game experiment that discerns the role of information 
provision from that of interactive communication that appears to be woven together in 
social learning processes.  

The chapter highlights that the provision of technical information about the risk and 
benefits of collective management practices, and monitoring information about the 
management practices of other farmers can be counterproductive for collective action 
unless it is complemented with interactive communication that is internally governed or 
managed by communities. It concludes that expert advisory services and expert provision 
of relevant technical and social information has to be supported with deliberation 
processes. These deliberation processes would help in making the best of advisory 
services and monitoring practices that could otherwise negatively affect collective action 
performance in managing crop diseases. 

With its empirical chapters, the thesis demonstrates the complex, multi-dimensional 
and collective nature of crop disease management in general and that of late blight 
management in particular. A good understanding of the complexity is a useful starting 
point to explore options and leverage points for disease management interventions. In this 
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regard, stimulating social learning processes and re-configuring communicative practices 
are shown to be promising interventions towards collective action in the management of 
crop diseases.

Summary
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Appendix

Regression outputs of the different communicative interventions in Chapter 5

Table A1: Technical information about interdependency and spraying threshold reached.

% of farmers in groups 
reaching threshold

P-value

Non-intervention  mean 0.44

Technical information about  interdependency -0.11
(0.0692)

0.125

Male dummy -0.75
(0.120)

0.533

Education level 0.01
(0.048)

0.825

Age in years 0.00
(0.004)

0.981

Household size -0.01
(0.020)

0.480

Potato farm size 0.01
(0.053)

0.833

Perceived late blight seriousness 0.02
(0.087)

0.860

Mainly seed producer 0.08
(0.205)

0.371

Mainly ware producer -0.01
(0.108)

0.956

Mobile phone ownership 0.02
(0.108)

0.874

Smart phone ownership -0.07
(0.130)

0.570

Kebele fixed effects Yes

Observations 90

R-squared 0.679

Standard errors are reported in parenthesis. 
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Table A2: Technical information + Monitoring information and spraying threshold reached.

% of farmers in groups 
reaching threshold

P-value

Control group mean 44.44

Technical information about interdependency + 
Monitoring information 

-0.10
(0.037)*

0.012

Male dummy 0.19
(0.070) *

0.008

Education level -0.00
(0.024)

0.979

Age in years 0.00
(0.002)

0.672

Household size -0.01
(0.010)

0.387

Potato farm size -0.03
(0.029)

0.289

Perceived late blight seriousness 0.02
(0.048)

0.956

Mainly seed producer -0.00
(0.046)

0.990

Mainly ware producer -0.02
(0.133)

0.904

Mobile phone ownership -0.08
(0.055)

0.146

Smart phone ownership 0.02
(0.067)

0.786

Kebele fixed effects Yes

Observations 90

R-squared 0.910

Standard errors are reported in parenthesis. * p < 0.05. 
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Table A3: Monitoring information and spraying threshold reached.

% of farmers in groups 
reaching threshold

P-value

Control group mean 44.44

Monitoring information 0.13
(0.040) *

0.002

Male dummy -0.02
(0.089)

0.857

Education level -0.02
(0.026)

0.352

Age in years -0.00
(0.002)

0.976

Household size 0.01
(0.009)

0.496

Potato farm size -0.01
(0.032)

0.724

Perceived late blight seriousness -0.09
(0.055)

0.119

Mainly seed producer -0.01
(0.049)

0.829

Mainly ware producer -0.00
(0.110)

0.974

Mobile phone ownership -0.06
(0.072)

0.386

Smart phone ownership -0.08
(0.071)

0.286

 Kebele fixed effects Yes

Observations 90

R-squared 0.912

Standard errors are reported in parenthesis. * p < 0.05.
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Table A4: Technical information about interdependency + Monitoring information + Group 
Communication and spraying threshold reached.

% of farmers in groups 
reaching threshold

P-value

Control group mean 44.44

Technical information +  Monitoring information 
+ Group Communication

0.12
(0.039) *

0.003

Male dummy -0.07
(0.105)

0.484

Education level -0.01
(0.027)

0.823

Age in years 0.00
(0.002)

0.856

Household size -0.00
(0.009)

0.634

Potato farm size -0.01
(0.030)

0.815

Perceived late blight seriousness 0.04
(0.055)

0.462

Mainly seed producer -0.01
(0.054)

0.906

Mainly ware producer -0.05
(0.147)

0.715

Mobile phone ownership 0.03
(0.065)

0.700

Smart phone ownership -0.01
(0.070)

0.940

Kebele fixed effects Yes

Observations 90

R-squared 0.903

Standard errors are reported in parenthesis. * p < 0.05. 
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Name of the learning activity Department / Institute Year ECTS *

A) Project related competences

EVOCA modules Wageningen School of Social Sciences 
(WASS)

2016 6

PhD research proposal WUR 2016 6

1st EVOCA workshop in the Netherlands EVOCA Management 2016 1

2nd EVOCA workshop in Ghana EVOCA Management 2017 1

3rd EVOCA workshop in the Netherlands EVOCA Management 2018 1

4th EVOCA workshop in the Netherlands EVOCA Management 2019 1

‘A systems thinking approach to the 
diagnosis of the problem of
potato bacterial wilt and late blight in 
Ethiopia’ Poster presentation

18th Triennial Symposium In-ternational 
Society on Tropical Root Crops (ISTRC)

2018 1

Questionnaire Construction, YRM 65300 Research Methodology, WUR 2016 1.5

Research internship Cornell university, school of Integrated 
Plant Sciences
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Life Sciences (NJAS) special issue

KTI, WUR 2018 1

Total 38.2
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