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A reality check for digital agricultural extension tool
development and use
ICT-driven digital tools to support smallholder farmers are arguably inevitable for agricultural development, and they
are gradually evolving with promising outlook. Yet, the development and delivery of these tools to target users are often
fraught with non-trivial, and sometimes unanticipated, contextual realities that can make or mar their adoption and
sustainability. This article unfolds the experiential learnings from a digital innovation project focusing on surveillance
and control of a major banana disease in East Africa which is being piloted in Rwanda.
By Julius B. Adewopo, Mariette McCampbell, Charles Mwizerwa and Marc Schut

Farmer promoters were involved in the technology design of the BXW App.

Smallholder farmers are often faced with the
challenge of making farm-level decisions based
on terse information, which can be unproven or even outrightly wrong or incompatible
with their need. In most developing countries, the extension delivery systems are either
overwhelmed by the number of farmers to be
served, or, in many instances, non-functional
or non-existent. Yet, to improve farm productivity and livelihoods for millions of smallholder farmers, it is critical to ensure farmers’ access
to actionable information at the right time and
for the right context and condition. This requirement is often a tall order for traditional
extension systems, especially under conditions
where rapid response is required to mitigate
immediate threats or risks to crop production
(including pests and diseases) across diverse

farming systems. However, the fourth agricultural revolution has been characterised by
the innovative and unprecedented use of smart
systems and devices for agricultural decision
support. This presents a tangible leverage for
extension delivery that transcends current constrains in terms of capacity to reach farmers,
ability to standardise and deliver context-relevant advice, and opportunities for multi-directional data and information exchange for
broader learning and impact.
Smart digital tools for disease
surveillance and control
Pests and diseases pose major threats to smallholder farmers. According to figures from
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the UN Food and Agriculture Organization
(FAO), they cause an estimated global annual loss of 290 billion US dollars, and are severely impacting livelihoods across millions
of farming households. To mitigate or minimise these losses, it is imperative to monitor
and control the incidence and spread of such
threats. However, conventional surveillance
systems, which are usually dependent on visit(s) by trained staff to selected farms or locations within target geographies, are incapable
of generating timely and robust data that can
be translated into early warning alerts or timely
advice for farmers. Therefore, the emergence
of smart digital devices and applications that
can enable rapid acquisition and transmittal of
data has created new opportunities for timely
surveillance through various digital channels,
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while easing farmers’ access to information on
control or preventive methods.
Within the past five years, researchers and developers across institutions have been exploring various innovative uses of digital tools and
methods for diagnosis and control of crops pests
and diseases, including short messaging service
(SMS), interactive voice recording (IVR) and
smart applications (also called “apps”) which
are often embedded with sophisticated algorithms such as artificial intelligence or machine
learning models for rapid diagnosis of specific
disease or identification of pests. Yet, as most
of these tools mature for delivery to farmers,
two major concerns are pertinent prior to
broad dissemination. The first relates to the
ability of the tools to meet the needs of the users as perceived by the developers/researchers,
and the second relates to the readiness of the
target end-users to apply the tools. These two
major elements were brought to focus under a
case study among smallholder banana farmers
in Rwanda.
Developing a smart digital tool for
Banana Xanthomonas Wilt (BXW) –
a redefined paradigm
Banana Xanthomonas Wilt (BXW) disease is a
major threat to banana production across many
countries in East Africa. This bacterial disease
can cause 100 per cent loss of yield per banana
stand, when infected, and can spread to uninfected banana stands, causing massive losses to
smallholder farmers. Controlling the spread of
the diseases requires timely information on appropriate control methods and active surveillance to target severely impacted areas, thereby
enabling the allocation of limited extension
resources to support most vulnerable farmers.
The ICT4BXW project (www.ict4bxw.com)
was conceived and implemented to meet this
critical need in Rwanda by developing a onestop digital tool that serves both purposes.
The BXW App (see Photo), an android-based
smart application, was designed to empower
users (next-users and end-users) and stakeholders to combat BXW in an efficient and
cost-effective manner. The tool also enables
the crowdsourcing of data on the incidence
of BXW, based on a standardised and stepwise
diagnostic module, which feeds into a backend dashboard for near-real-time visualisation
of current threat level within focal geography.
In this project, a participatory and inclusive technology design (PITD) approach was
adopted to evolve a functional and sustainable digital solution for BXW control. This

Importance of the BXW App to farmers and farmer promoters
Makes farmer active in banana production
Increases banana productivity
Increases other crops' productivity
Easier to manage my banana
Makes my farming work easier
Relevant advice on BXW
Diagnoses BXW
Timely control and prevention of BXW
other
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Based on response to end-line survey that was conducted among smallholder banana farmers in Rwanda.

redefined design paradigm involved four major stages of intensive co-development with
farmer promoters, who are considered as the
next-users of the envisioned tool. In the first
stage, an interactive session was convened
with representative selection of the next-users to document their perception, concern,
and current practices regarding BXW threat.
This stage also involved discussions about the
prospects of digital tools and mapping of viable
entry points for advancing innovative digital
solutions. The second stage was focused on
co-defining the potential user-journey for the
digital tool and co-creation of mock-up versions, with focus on understanding the major
functions that will be relevant for the users,
and how such functions will be used to enhance farm-level decision-making. The third
stage involved the design and limited testing
of the beta-version, with hands-on feedback
sessions between developers, researchers, extension officials, and the selected next-users. In
the fourth (and final) stage, a field co-valida-

The BXW App is an android-based smart application.

tion was conducted to test the tool under actual field conditions, and assess the confidence
and competence of the tool end-users (farmers
and farmer promoters).
Non-trivial realities of digital tool
development and deployment
Generally, the diffusion and sustainability of
technological innovation is contingent on
meeting user needs and preferences at the right
time and within the right environment. Yet,
achieving this in practice, especially in smallholder farming systems, is a tall order due to
various factors, including limited consideration
of contextual realities, inadequate or no engagement with relevant stakeholders, and time
constraints for testing and validation of assumptions. The participatory co-development and
co-deployment of the BXW App in Rwanda
unravelled mixed-bag realities, with nuanced
dimensions, that may be relevant to guide future efforts to deliver innovation in smallholder farming systems. As the project progressed
from the conceptual phase to the tool development phase, some of the initial assumptions became invalid, and relevant decisions were made
in consultation with the stakeholders and/or
next-users who were involved in the project.
The Good: The initial baseline and final
survey of 600 smallholder banana farmers
provides a compelling basis to advance ICTbased solution for control of BXW disease.
Approximately 75 per cent of the respondent
farmers indicated that they use or have access
to a phone, which is a major entry point for
crowdsourcing data on BXW incidence and
democratising access to reliable information
about control practices. Further, 72 per cent
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