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ABSTRACT KEYWORDS
Smallholder farmers produce about 70% of the world’s food and employ Smallholder farmers;
more than one billion people. They therefore have an important role to information system design;

sustainable agriculture; farm

play in eradicating food insecurity and poverty among the world’s "
data management; Tanzania

growing population. Although there are different digital services for
smallholder farmers, the existing services lack sustainability in the
agriculture context and hardly meet their needs. Data management and
sharing among different agriculture stakeholders has the potential to
make agriculture sustainable, but there is a need to enable access to
digital services in an entire farming cycle under one roof. This paper
aims to propose the design of a comprehensive data management
digital framework to solve common challenges of smallholder farmers
in Tanzania and other countries’ agricultural systems. We follow the
design science research (DSR) method to develop an artifact that
interacts with the problem context. To illustrate the framework’s
applicability, we use different case studies in Tanzania.

1. Introduction

The world’s food demand is expected to increase by 35%-56% between 2010 and 2050 (van Dijk
et al., 2021). The Food and Agriculture Organization of the United Nations (FAO) predicts a much
larger increase in demand of 70% over the same period (FAO, 2009). This demand, linked to the esti-
mated world population increase between 9.4 and 10.2 billion people by 2050, with Sub-Saharan
Africa leading the growth rate by 114% (FAO, 2009), calls for action to increase the production
and well-being of the society despite many challenges such as decreasing arable land, climate
change, increased water demand, and environmental pollution. The question of eradicating
global hunger and extreme poverty - Sustainable Development Goals (United Nations, 2015) -
remains a major global societal challenge. Investing in smallholder farmers has the potential to era-
dicate food insecurity and extreme poverty globally. According to FAO (2021), smallholder farmers
produce 70% of the world’s food and employ more than one billion people, the majority living in
rural and semi-urban areas. Agriculture is the backbone of the national economy in Tanzania (as
in many other developing countries), and more than 70% are smallholder farmers (Chandra &
Collis, 2021). Thus, agriculture is essential to increase income and food security, hence the need
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for a common approach to agricultural development that would allow smallholder farmers to par-
ticipate in agri-business (ITU, 2016).

In this digital age, Information Technology (IT) is central to the development of political, econ-
omic and social aspects of human life. Smallholder farmers can potentially achieve sustainable agri-
culture through Information and Communication Technologies (ICTs). Furthermore, ICTs can
significantly reduce poverty vulnerability of smallholder farmers by increasing their income and
ability to make more informed decisions on various nonagricultural and matters related to agribusi-
ness (Zhang et al., 2022). According to Smidt and Jokonya (2021), the adoption to ICTs solutions to
support smallholder farmers requires the collaboration of different actors, including the government
to create a comprehensive localized framework. Enabling smallholder farmers’ participation in agri-
business through digital technologies is critical to the socio-economic development of agriculture
value chains (AVCs) within and outside the country. The development of digital solutions for small-
holder farmers and a strong political will to include vulnerable and marginalized people (such as
rural women, youth and indigenous communities) in this process is important for sustainable devel-
opment in small and medium income countries (FAO, 2021; Smidt & Jokonya, 2021).

Despite available advanced digital technology and other ICTs-related efforts to help smallholder
farmers access essential services for sustainable farming, such farmers still face many challenges.
Large-scale and commercial farmers have long used digital technology in agriculture (e.g. precision
and smart farming) to manage farm activities and access services in a complete farming cycle (USAID,
2013). Agriculture industries develop comprehensive digital agricultural solutions such as sensing
technology for field data collection, farm management information systems (FMISs) for acquiring
and analyzing data, decision support systems, and variable rate technology to actuate real-time
decisions (Saiz-Rubio & Rovira-Mas, 2020). These cyber-physical technologies are mainly designed
for high-income countries and require a substantial financial investment. Furthermore, precision
agriculture and smart farming have shown great potential for sustainable agriculture - increased
production and income and environmental conservation (Bhakta et al., 2019; Giray & Catal, 2021).
Few recent studies in developing countries report the possibilities for adopting precision farming
technologies, but many are still experimental (Onyango et al, 2021). Most smallholder farmers
can hardly afford this kind of ICTs solution for sustainable agriculture.

There are many ICTs solutions developed to address challenges in agriculture and smallholder
farmers ranging from simple mobile applications to web-based digital platforms. To mention a few,
the ICTs solutions on dissemination of agricultural information and advisory services to farmers
through different channels such as telecentres and agricultural knowledge centers (Birke & Knierim,
2020; Mtega, 2021; Sanga et al., 2014); farmers adoption of e-market (Cloete & Doens, 2008); and
mobile applications for different crop and livestock value chains (FAO, 2018; Shapa et al., 2021). More-
over, some government are developing and implementing ICTs project to solve smallholder farmers
challenges such as e-governance mediated agriculture in India (Behera et al., 2015) and a fertilizer rec-
ommendation system in Bangladesh (Hossain & Siddique, 2020). However, the existing ICTs solutions
for smallholder farmers particularly in developing countries address a specific challenge, which
requires a farmer to coordinate various solutions to obtain services in a complete farming cycle.

Considering the above, this article aims to answer the following questions: (1) ‘What comprehen-
sive digital framework could be designed so that smallholder farmers can access all the essential ser-
vices of a complete farming cycle via a single access point?’ — to answer this question, it is necessary
to identify the common challenges faced by smallholder farmers and the services needed for a com-
plete farming cycle; (2) "How does the designed digital framework contribute to sustainable agricul-
ture and development?’ (3) ‘What is the applicability of the designed digital framework in solving the
existing smallholder farmers’ challenges in Tanzania?' (4) ‘What are the prerequisite infrastructures
and other capabilities and resources for such a framework to be successfully implemented and sus-
tainably operated?’

This paper is part of a larger study that aims to design and implement a digital framework for
smallholder farmers to access all essential services (subsidies, credit, insurance, government services,
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market, and farming information) under one roof. In a previous study (Mushi et al., 2022), we con-
ducted a systematic literature review to identify common challenges of smallholder farmers with
special attention in the Tanzanian case. According to Chandra and Collis (2021), the challenges ident-
ified in the Tanzanian case are more similar across developing countries. Therefore, the designed
platform will potentially be helpful in many other developing countries. Such a platform could
increase farm production and profitability while preserving the environment.

In this paper, we contribute to the field for IT for development by proposing a state-owned (or
public-private) Farmers’ Digital Information System (FDIS) framework. FDIS is a data management
framework for development bringing together key stakeholders in agriculture to improve services’
sustainability, monitoring various practices, and offering single access to essential services such as
credit and insurance, subsidies, quality farm inputs, market, and advisory services. The framework
provides such a single access to several essential actors: farmers, financial institutions, farm products
consumers, agro-dealers, government agencies, and processing industries. We designed the FDIS fra-
mework for sustainable agriculture and illustrated its applicability through four case studies from
Tanzania. We used the design science research method to develop the artifact solution for the
common challenges of smallholder farmers in Tanzania. As part of the evaluation stage, we have
shown the applicability of FDIS in solving smallholder farmers’ problems such as access to subsidies,
credit and insurance, quality farm inputs, and market services. In addition, we have illustrated the
framework’s viability in sustainable agriculture and development among smallholder farmers.

The main contribution of this paper is a proposed abstract design of the FDIS framework that inte-
grates different modules (farmers’ data, agro-dealers, farm inputs, advisory and market data module).
We structured this paper into seven sections. Section 2 provides the theoretical framework of key IT
for agriculture sector development; Section 3 describes the research methodology we applied to
design the artifact solution; Section 4 presents the results of the study that covers different
modules of the FDIS framework; Section 5 illustrates the FDIS framework applicability in four
different Tanzanian cases; Section 6 discusses various issues related to the FDIS framework
implementation, contribution to sustainable agriculture and development; finally, Section 7 con-
cludes this paper with a summary of the artifact and future work.

2, Theoretical background

This section provides the theoretical background of our study, focusing on the key IT for agriculture
sector development. It follows the theories of Information and Communication Technology for
Development (ICT4D) by Qureshi (2015) and Zheng et al. (2018), in the sense that technological
advancement should have an impact on people’s lives, without copying and pasting theories and
technologies created in the so-called ‘developed countries’ to ‘developing countries.’ By reviewing
the literature, we identify cutting-edge ICTs in agriculture, ICTs used in small and medium income
countries and specifically in the agriculture sector in Tanzania.

2.1 Modern ICTs in agriculture

Globally, precision agriculture (evolving to smart farming) is the leading cutting-edge digital solution
that meets the needs of farmers in a complete farming cycle. It involves the use of sophisticated tech-
nologies such as the internet of things (IoT), farm information management systems (FIMs), artificial
intelligence (Al), decision support systems (DSS), and variable rate applications or actuators (Saiz-
Rubio & Rovira-Mas, 2020). These components work autonomously to optimize farm input and
yield forecasts and collaborate with other stakeholders such as services providers and the market,
thereby improving sustainability in agriculture. In the Global North, digital farming platforms are
usually owned by private companies that farmers and other stakeholders can subscribe to, normally
for a fee. While these advanced digital platforms may not be applicable to developing countries (for
example 365FarmNet, 2022), aspects such as the ability to record data even without Internet access
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and data protection strategies could be useful for platforms being considered in the developing
world.

Indeed, precision agriculture requires a substantial capital investment that smallholders can
hardly afford. Therefore, in recent years, scientists and organizations developed a digital farmer
profiling platform to enable smallholder farmers to access essential services in a complete
farming cycle (Boyera et al., 2017; Gray et al., 2018). Service providers manage farmers’ profiles for
a fee paid by stakeholders, including farmers, to maintain the farmer profiling infrastructure. Stake-
holders, such as financial institutions, automatically add fees to loans, which eventually affects the
economy of smallholders. Such a digital profiling solution is still in the experimental stage and
faces sustainability issues (Gray et al., 2018).

2.2 ICTs in lower and middle-income countries agriculture sector

Many digital agricultural solutions have been developed in low- and middle-income countries, which
cover many aspects of socio-economic development of farmers. They include strengthening market
of agricultural products through e-market (Cloete & Doens, 2008), improving agricultural extension
services (Namyenya et al.,, 2021; Sanga et al,, 2014), and disseminating agricultural information for
improved farming and decision making (Bello-Bravo et al., 2020; Krell et al., 2021; Maredia et al.,
2018; Mtega, 2021). These solutions alleviate several challenges faced by farmers such as fighting
counterfeit farm inputs (Shao & Edward, 2014), access to financial services and mobile payment
(Kinuthia & Mabaya, 2017; Kirui et al., 2010; Wenner et al., 2018) and access to farm insurance
(Osumba et al., 2020).

The adoption of precision agriculture by smallholder farmers in developing countries offers a
promising future, but as already pointed out, these advanced IT projects are still in their infancy
(Onyango et al,, 2021). Also, each country has various digital services for smallholder farmers
ranging from simple mobile applications to Web-based digital solutions, for instance: the Association
for People of Haryana's (AFPOH) e-governance mediated agriculture project in India (Behera et al.,
2015), the Kenyan Agriculture and Livestock Research Organization’s (KALRO) mobile applications
project for different value chains (FAO, 2018), and the online fertilizer recommendation to farmers
in Bangladesh (Hossain & Siddique, 2020). The digital solutions in developing countries have sustain-
ability issues and generally solve a specific farming problem or value chain. Thus, a digital framework
solution for smallholder farmers that resolve common challenges in a complete farming cycle
through single access point is lacking. Such a digital framework will contribute to the development
of farmers economically through increased production and income and strengthen agricultural value
chains in developing countries.

2.3 ICTs and Tanzania agriculture sector

Since the adoption of ICTs in national development plans in 2003 (United Republic of Tanzania,
2003), Tanzania, like many other developing countries, has had various digital solutions addressing
different farmers’ challenges in different value chains, such as advisory services to farmers on various
farming activities (Ortiz-Crespo et al., 2021; Sanga et al., 2013), access to market and market infor-
mation (Hamill, 2017; Magesa et al., 2014) and combating substandard farm inputs (Shao &
Edward, 2014) to ensure quality input for increased production and income. Many of these and
other emerging digital solutions in agriculture operates in mobile application, influenced by high
penetration of mobile devices (i.e smartphones) and Internet access.

Despite the existing digital solutions, smallholder farmers in Tanzania still face numerous chal-
lenges. These include poor access to subsidies (Masinjila & Lewis, 2018) and financial services
(credit and insurance) (Kimaro, 2020), middlemen market disruption (Misaki et al., 2016; Navuri,
2018), substandard farm inputs (Shao & Edward, 2014), poor government control, and lack of person-
alized farming advisory and information services (Chandra & Collis, 2021). Figure 1 shows the existing
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Figure 1. A conceptual model for sustainable agriculture in Tanzania.

services and, in some cases, their absence and the target for a future comprehensive digital solution
for smallholder farmers in Tanzania.

3. Research method

We followed the design science research (DSR) method in this study. According to Hevner et al.
(2004), the DSR method is used to design digital artifacts solutions that interact with the
problem context and facilitate the development of an effective and efficient information
system. We customized the DSR method process by Peffers et al. (2007) from six to eight steps:
problem identification, requirements, preliminary artifact design, user survey, refined artifact
design, implementation, evaluation, and communication. According to the DSR method,
problem identification comes first so that subsequent processes can focus on the development
of the artifact solution. The problem identification can emerge from the existing literature
(problem-oriented initiation), the users’ needs (context/user initiation), or from a desire to
achieve a particular objective (objective-centered solution) (Peffers et al., 2007; Siemon, 2022).
The second step is collecting the requirements or defining the objectives necessary for solving
the identified problem. A third step is about designing preliminary artifact based on the require-
ments of the previous step. The fourth step is conducting a user survey which involves orienting
potential users with solution design and understanding user context related to the problem,
thereby getting useful feedback to improve the initial design leading to a participatory design
(Hartson & Pyla, 2019). Since this study is a problem-oriented initiation, we added a ‘user
survey’ step between artifact design and implementation to get the stakeholders’ feedback
(user or context initiation) for possible improvements of the original artifact design for an
effective and efficient information system. The fifth step is to refine the artifact design based
on the identified stakeholders needs and opinions. The sixth step is pilot implementation,
which involves presentation and demonstration of a part or all of the artifact solution to potential
users. This step is crucial for artifacts development; designers and developers can leverage user
feedback to improve the design through process iteration. The seventh step is an evaluation by
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Figure 2. A DSR method used in this study, inspired by Peffers et al. (2007).

implementing an artifact solution to a problem, and consists of monitoring the effectiveness and
efficiency of the system; thus, feedback can be used to iterate back to the system design. The
eighth step is communication, documenting the system through scholarly and professional pub-
lications (Peffers et al., 2007). Figure 2 highlights the instantiation of the DSR for our research, with
the seventh step revisiting all previous steps to allow for an empirical refinement approach in the
design of the artifact solution (Hevner et al., 2004).

Heeks (2016) argued that IT development can be seen as socio-technical systems where IT and
society interact by shaping each other. In addition to the survey (fourth step) that gives stakeholders
(society) a chance to participate in the design of the artifact, the agile methodology allows the sta-
keholders to intervene in the redesigning of the system during its development. The agile method-
ology starts from the planning to the development phases with short spans of iterative and
incremental interactions of stakeholders over the process and tools throughout the project’s life-
cycle (Al-Saqqa et al., 2020). This practice allows changes to be made during development
without jeopardizing the process or having to restart from scratch.

We first identified the problem of smallholder farmers through a systematic review of scholarly
articles and gray literature (Mushi et al., 2022), followed by the conceptual design and actual artifact
design. We conducted two forms of literature searches: in Web of Science (WoS), IEEE Xplore, and in
related databases (FAO, Google Scholar, and Research4Life) to identify existing digital technologies
used in the agriculture sector globally. Except for the Tanzanian agriculture sector, to obtain a
detailed technological context, we limited the search to six years, from 2015 to 2021, to find the
most recent development in digital technologies. We then evaluated their availability to smallholder
farmers and sustainability in the agricultural context. We searched local repositories (Sokoine Univer-
sity of Agriculture), WoS, and Google Scholar to identify common challenges for smallholder farmers
and selected and analyzed recent publications of digital artifacts solutions developed to solve small-
holder farmers’ challenges.

Requirements for the preliminary design of the FDIS artifact emerge from this existing literature.
The artifact takes smallholders’ challenges as requirements and develops the means necessary to
mitigate the challenges toward sustainable services for smallholder farmers, including common ser-
vices such as advisory services, markets, subsidies, quality farm input, and financial services. We
mapped these requirements into three groups: (1) resources and ICT sustainability, (2) economic
requirements and (3) environmental sustainability requirements.

4, Results - artifact design and description

The FDIS data management system for smallholder farmers’ services consists of stakeholders who
play different roles in a complete farming cycle. Based on the conceptual model presented in
Figure 2, the FDIS platform will comprise five modules: (1) farmers’ data, (2) agro-dealers data, (3)
farm input data, (4) advisory and (5) market services (see full description in sub-sections below).



564 (&) G.EXAUDETAL.

The platform is purely driven by data from farmers and involves stakeholders such as agro-dealers
and financial institutions. Therefore, after setting up the digital infrastructure, the first activity is to
collect data that different actors can access and provide different services to farmers. We propose
that the FDIS be managed by the government or by a public-private partnership because of the
important role the government can play in networking the agricultural sector by combining
various services under one roof (Rao, 2004; United States Department of Agriculture, 2002). There-
fore, government-led implementation of the system should result in more sustainable agriculture
- economic sustainability, environmental sustainability, and sustainability of the ICTs infrastructure
and resources (Mushi et al., 2022).

4.1 Farmers’ data module

The FDIS data management system for smallholder farmers should consist of comprehensive data for
government, donors, investors, and other stakeholders enabled services. Like farmer profiling
(Boyera & Grewal, 2020; Gray et al., 2018), the platform should include personal data that uniquely
identifies a farmer, including the national identification number. Personal information should consist
of elements essential to the services, such as literacy level, income, language, level of control of the
farm, and details of farmer communication to find out their preferred channel of information disse-
mination, mainly regarding advisory services. Location information of the farmer is also critical for
subsidies, tailored insurance, and credit services. Important location details include an administrative
address from regional or township, district, ward, division, village, street to plot number, and Global
Positioning System (GPS) coordinates. An Application Programming Interfaces (APIs) could be used
to connect and verify individual farmers’ identities in the national schemes of personal identification,
such as the National Identification Authority (NIDA) in Tanzania. Blockchain technology is also essen-
tial to immutably record uniform and portable personal data (Gray et al., 2018). Therefore, farmers
could share their data with stakeholders they wish, such as financial institutions for a service.

In addition, stakeholders need farm information to determine actual needs and provide specific
support to farmers. Farm details include GPS coordinates, crop type, farm registration details, farm
labor, and equipment for farming activities. According to Boyera and Grewal (2020), sometimes
farmers manage several fields in different places or one piece of land divided into sections for
different crops. In this case, land information such as location, size, ownership, crop and soil infor-
mation is useful to support smallholder farmers. Linked to a field, production information that includes
planting details, pests, and diseases with their treatments helps prepare post-harvest activities.

Most farms in Africa are uninsured; only approximately 650,000 farmers have access to insurance
out of more than 40 million smallholder farmers in sub-Saharan Africa alone (Hazell & Hess, 2017),
which is less than 2%. Nonetheless, financial instrument information available to farmers, including
credit, subsidies, insurance, mobile money, and bank accounts, is vital for financial services. Credit
information enables smallholder farmers to access credit services in line with financial instruments.
Credit information includes credit history, farm production plans, and membership in micro-finance
institutions. Moreover, insurance information allows other stakeholders to understand the scope of
coverage, the level of production risks covered, the type of insurance company, the recurring costs,
and the amount payable to farmers if the insured risk occurs. The platform offers the opportunity to
improve or adopt index-based farm insurance, which scientists and organizations consider particu-
larly effective (Hazell & Hess, 2017). These digital artifacts could potentially influence investments in
insurance companies that support smallholder farmers in times of crisis.

Agricultural knowledge and farmer training, mainly through farmers’ cooperatives, will enable
smallholders to participate in modern farming by learning best practices in investment and manage-
ment of production resources, thereby increasing production and income. Therefore, information on
the qualification of the farmers constitutes an essential dataset that has implications for the value of
the farm products, which is critical to marketing. Certification and training must be registered at
different levels, such as farm preparations, planting, pesticide and herbicide use, irrigation, and
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other farm management activities, including harvesting. In addition to the marketing segment,
business information, namely agribusiness linkages, cooperative membership, market-related to
the farmer, quantity harvested and sold (at the farm, cooperatives), and price sold, plays a significant
role in connecting farmers to the market (Gray et al., 2018). Data about farmers should be as com-
plete as possible to allow quality and tailored services such as subsidies distribution, advisory ser-
vices, credit, and insurance (Prause et al., 2021). Here we present the conceptual solution to the
farmers’ problems identified in the literature (Table 1). These identified problems are not the only
ones that the information system will address, and we are in the process of conducting a user
survey that may highlight additional needs, based on which we will refine the design of the artifact.
This survey should also allow us to assess the validity of our model’s hypotheses, which are based on
case studies (presented in Section 5). Therefore, a concrete design of the FDIS will address the issue
identified in Table 1 and other issues that may arise from stakeholder opinions. Table 1 summarizes
the essential dataset categories and problem solutions for smallholder farmer services in a complete
farming cycle.

4.2 Agro-dealers’ data module

Agro-dealers play an essential role in the distribution of farm inputs and enable smallholder farmers
to adopt new technologies in agriculture throughout the country. However, a study by Rutsaert et al.
(2021) on the geographical distribution of agro-dealers in Tanzania shows that most smallholder
farmers in rural areas use very few modern farm inputs due to the lack of agro-dealers services.
The few agro-dealers in remote regions face high demand and less competition, allowing them to
charge higher prices to smallholders and have fewer product choices in stock (Rutsaert et al.,
2021). Furthermore, some agro-dealers and their products are not certified by the authorities, result-
ing in the distribution of substandard inputs (Kahwili, 2020), which results in low production, poor
quality products, and a negative impact on the environment and consumer health. Most smallholder
farmers in Tanzania do not use industrial fertilizers (Elliot, 2016); thus, they depend on organic
manure and natural land nutrients, decreasing soil fertility and crop production in the short term.
As a result, smallholder farmers engage in deforestation to find new arable land, which has a nega-
tive impact on the environment and contributes to global climate change.

Agro-dealers’ data module will enable policymakers, government authorities, and investors to
better understand the distribution networks of agro-dealers across the country and improve the
current situation toward sustainable agriculture among smallholders. By analyzing farmer data
and the distribution of agro-dealers, investors can identify opportunities, especially in remote
areas, allowing farmers to have a wide choice of stoked farm inputs products at a fair price. Small-
holder farmers will also be able to identify certified agro-dealers and farm inputs to combat substan-
dard inputs from uncertified dealers. Agro-dealers’ data should include business name,
administrative address, registration details, location with GPS coordinates, certification, and a list
of services such as delivery and advisory services to farmers.

4.3 Farm inputs data

Domestically produced or imported agricultural inputs must undergo quality controls and verification
before being distributed. Like many African countries after independence, the importation and distri-
bution of farm inputs were centrally controlled by state organizations in Tanzania. Until the 1970s, the
government had the Tanzania Seed Company for seeds and the state monopoly of fertilizer distribution
at a subsidized price under the 1967 Arusha Declaration. However, the state then faced a debt crisis,
delays, and shortages in input distribution and allowed the private sector to enter the market (Elliot,
2016). Many private sectors are involved in importing and distributing farm inputs registered and
certified by government authorities. Despite the involvement of the private sector, only about 15%
of the seeds planted are registered and approved by the responsible authorities, and about 2,500



566 (&) G.EXAUDETAL.

Table 1. Farmers data and services for sustainable agriculture.

Problem description

Data categories (Boyera
& Grewal, 2020; Gray

et al., 2018)

Data type (Boyera & Grewal, 2020;

Gray et al.,, 2018)

Issues to address

Poor decision, cheating and
fraud in selecting and
distributing subsidies to
smallholder farmers
(Masinjila & Lewis, 2018)

Existing advisory and extension
services are too general for
farmers to comprehend and
practice

Distance between farmers and
service providers e.g. input
traders is a challenge
(Rutsaert et al., 2021)

Inability of services providers to
assess farmers’ production
risks and opportunities

Poor access to financial (credit
and insurance) services
(Kimaro, 2020; Sanka &
Nkilijiwa, 2021; Simbakalia,
2012)

Agricultural knowledge of
smallholder farmers is
unknown; thus, it is difficult
to determine their service
packages

Smallholder farmers do not
record production
information, making it
difficult to prepare post-
harvest activities

Personal information

Communication
Information

Location details

Farm data

Field data

Financial instrument

Credit Information

Insurance data

Qualification and
certification data

Production data

Full names, identity numbers,
gender, family details (marital
status, size, family leader

gender), land size and ownership

status, income level, education
level, other source of income

Language preferences, preferred
channel of communication,
phone details (number, smart/
basic phone, phone literacy),
preferred type of information
(market, crop)

Current and permanent physical
addresses: regional/district/
ward/division/plot and GPS
coordinates

Farm registration, employee/labor,

farm tools, crop type(s)/variety
Field location, soil, size, land title,

GPS coordinates, and crop history

Mobile money and bank accounts;

accessed credit, insurance and
subsidies

Credit history, business plan,
cooperative societies
membership, active credit (loan
size and use)

Insured field, insurance cost, risks
covered, insurance company,
amount repaid if the risk(s)
occurs

Training and certification dates in
different levels and stages of
farming, Training/certification
institutions Certificates of
adhering to farming standards

Planting data (amount of seeds,
date, spacing, tools used,
intercropping) Input data
(irrigation, herbicides, fertilizer,
pesticides) Pest and diseases
attacks, rainfall, yield, loss and
storage

Transparency in selecting
and allocating subsidies
Increase trust of other
stakeholders e.g. financial
institutions

Tailored advisory and
extension services

Right information to right
farmers through a right
channel

Inputs delivery services
and new agro-dealers
investments in demand
areas

Useful data by other
stakeholders

Tailored advisory services
such as inputs, credit and
market services
Insurance services
covering risks linked to
field location and crop
type

Provide payable loans
and financial advisory
services

Help farmers to create
good farm business plans

Identify uncovered risks
Useful for credit services
(de-risking loans)

Access unique market
such as organic food
products

Advisory service based on
the knowledge gap
Identify needs and
provide training in
anticipation

Increase quality of
products and
environment

Yield prediction and
post-harvest activities
preparations e.g. storage
and market

Real-time advisory and
information services to
farmers

Early warning services

(Continued)
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Table 1. Continued.

Data categories (Boyera
& Grewal, 2020; Gray ~ Data type (Boyera & Grewal, 2020;

Problem description et al., 2018) Gray et al.,, 2018) Issues to address
Poor access to market and Business information Agribusiness linkages, market o Predict different market
middlemen market expected by the farmer, price, that farmers can use
disruption (Misaki et al., 2016; total product sold (at farm, o Enable farmer to connect
Navuri, 2018) market, cooperate), cooperative with the market and
membership ensure transparency of

transactions

Source: Author’s compilation.

tons of agrochemicals were registered in Tanzania in the mid-2000s (Elliot, 2016). Studies suggest that
informal farm inputs smuggled across neighboring countries dominate the market.

Moreover, most of the pesticides and seeds in Tanzania are forged in different ways, such as rep-
rinting product labels, diluting chemicals, and copying package shapes. For these reasons, Tanzania
has had a low yield per hectare compared to other developing countries. For example, the average
yield of maize is 1.5 tons per hectare, while the World Bank estimates 6-7 tons when farmers use
adequate and quality inputs (World Bank, 2012).

Publishing and sharing data of the registered and certified farm inputs would solve the problem
of substandard farm inputs distribution. Essential data about farm input include the manufacture
details, international registration details, importing or supplying agent information, registration
and certification data by Tanzania authorities, usage data, and unique verification code. Therefore,
farmers will be able to identify the registered agents or suppliers and verify the originality of the
farm inputs such as seeds, fertilizers, and agrochemicals. The effort also requires a campaign to sen-
sitize farmers to use quality farm inputs and their benefits.

4.4 Advisory service module

The lack of comprehensive advisory service is the cause of the low adaptation of modern farming tech-
nigues by most smallholder farmers (Jack & Tobias, 2017). The Tanzania government employs outreach
officers to disseminate information and advice farmers on modern farming, including farm inputs, to
solve the problem. The Tanzania Agriculture and Livestock policy, revised in 2000, defines the outreach
service as a transfer of agricultural technology from experts to farmers, livestock keepers, and other
stakeholders (United Republic of Tanzania, 1997). However, outreach officers are limited by the
number of farmers they can visit; thus, most smallholder farmers rely on traditional farming knowledge
from other farmers and family members. In addition to the farmers’ advisory information system devel-
oped and implemented by Sanga et al. (2013), the FDIS can provide more tailored advice from experts
based on farmers’ data such as location, type of soil, crop, farm equipment, and more. Agricultural
Research Institutions (ARls), through information and outreach services sections such as the Sokoine
National Agricultural Library (SNAL), provide outreach information services to farmers across the
country (Mushi & Egbukole, 2021). Therefore, ARIs could use farmers’ digital information systems to
repackage information based on the needs, literacy level, crop or livestock, and other farmers’ attri-
butes for effective advisory and outreach services to smallholder farmers (see Figure 3).

4.5 Market service module

The farm product market is the core of agribusiness success and economic sustainability. The FDIS
for farmers will provide market data such as different markets and product prices. This information is
essential for smallholder farmers to find the right market for their products and thus earn a deserved
income. Furthermore, the platform will allow farmers to publish their yield information and meet
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directly with potential buyers without the intervention of intermediaries in the value chain (Figure 3).
Thus, farmers will have many market options through cooperatives, trade channels, and on-farm
sales fed by market price information.

5. lllustration with four Tanzanian case studies

The general research question regarding the feasibility and impact of FDIS at the farmer level cannot
be answered directly. This is akin to modeling complex ICT for development problems, in which a
theoretical framework must be supported by case studies that provide a context in which that
theory will be reconciled (Samoilenko & Osei-Bryson, 2021). For this reason, we focus on lower-
level research questions supported by our theoretical model represented by the identification of
four common challenge cases in Tanzania that illustrate how the design of the FDIS interacts with
and solves farmers’ problems in distributing subsidies, accessing financial services, avoiding low-
quality farm inputs, and accessing the market without involving intermediates in the value chain.
To ensure adoption and validation of the service by the various stakeholders it is important to cor-
rectly understand their needs. To this end, we are conducting interviews with different FDIS stake-
holders (farmers and livestock keepers, agro-dealers, insurances companies, financial institutions,
ministry of agriculture, government subsidy office, and customers). On the basis of the gathered
information, we will then refine our artifact design and later implement FDIS, regularly validating
our model with the stakeholders as depicted by the feedback loops in Figure 2.
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5.1 Case 1: subsidies

The Tanzania government has supported smallholder farmers through subsidies since indepen-
dence. From the 1960s to the early 1970s, the government monopolized the agro-inputs market
and controlled importation and distribution at a subsidized cost to enable smallholder farmers to
increase production and income. Later, in the mid-1970s, the government faced a colossal debt
crisis, delays in input delivery, and a shortage of these products, which allowed the private sector
to enter the market (Elliot, 2016). Nevertheless, the government maintained the subsidies programs
for smallholder farmers through contracts with private suppliers. Since its independence, Tanzania
has had 16 National Agriculture Input Voucher Systems (NAIVS) contracts between government
and input suppliers (Masinjila & Lewis, 2018). The agreements require suppliers to sell inputs such
as seeds, fertilizers, and agrochemicals at a half-market price to selected smallholder farmers. The
study on the effectiveness of the NAIVS suggests that the programs had a low impact on smallholder
farmers due to cheating and fraud (Masinjila & Lewis, 2018). The subsidies did not reach the targeted
farmers because of biases in the selection process, contracted agro-dealers denying to be part of the
program and therefore selling inputs at a full-market price to subsidized farmers. For this reason, the
majority of smallholder farmers do not use quality farm inputs, resulting in low production and
income.

The FDIS data management system for smallholder farmers has the potential to solve the fraud
and cheating in the distribution of subsidies. Data about farmers and agro-dealers is essential for
transparency in selecting smallholder farmers and access to farm inputs from contracted suppliers
at a half market price or any other agreement conditions. Suppose the subsidy coordination
office uses the FDIS to select smallholder farmers. Then it will be possible to allocate subsidies to
them based on specific criteria and send them notifications with a list of contracted agro-dealers
from whom they can purchase subsidized farm inputs. The FDIS could provide data on selection cri-
teria such as women-headed families, low-income families, farm size, and land ownership to facilitate
the selection of appropriate smallholders. At the same time, farmers will be able to directly identify
contracted suppliers. As a result, the targeted smallholders will be more likely to adopt the new tech-
nologies, thereby increasing their productivity and income (see Figure 3). The system could ulti-
mately improve the impact of NAIVS programs in Tanzania and reduce extreme poverty and food
insecurity among a growing population.

5.2 Case 2: Substandard farm inputs

After the liberalization of the input market, the government formed agencies for different input
quality verification and registration for local and imported farm inputs, such as, the Tanzania Ferti-
lizer Regulatory Authority (TFRA) for fertilizers, the Ministry of Agriculture, Food Security and Coop-
eratives - seed unit (MAFSC-Seed Unit), the Tanzania Official Seed Certification Institute (TOSCI) for
seeds, the Tropical Pesticides Research Institute (TPRI), and the Tanzania Atomic Energy Commission
(TAECQ) for agrochemicals verification and registration (Elliot, 2016). These agencies aim to guarantee
the quality of inputs for increased production and preservation of the environment. The quality of
farm inputs is among the factors contributing to increased production and income so that
farmers can get a return on their investment. However, studies show that 85% of seeds planted in
Tanzania are not registered, and the input market, mainly agrochemicals, is dominated by products
smuggled from neighboring countries (Elliot, 2016). Regular operations by government authorities in
agro-dealers stores uncover substandard inputs that contribute to low production and high risks to
human health and the environment. For instance, ‘less than a quarter of agro-dealers are checked
each year, and the amount of counterfeit seed circulating in the market is estimated to account
for at least 25-35% of all commercial seed’ (Elliot, 2016, p. 13).

On the FDIS platforms, data on inputs registered and verified by regulatory authorities will be
published to allow farmers to access inputs from the registered agro-dealers. Imagine a farmer
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using the FDIS on a smartphone, tablet or computer to search for verified quality of farm inputs: they
will be able to find the nearby registered agro-dealers and verify the inputs through a FDIS platform,
as shown in Figure 3. The platform could include a digital verification for incoming products, such as
a barcode or quick response code for easy verification. Such a practice will also enable the automatic
removal of unregistered products and agro-dealers from the market.

5.3 Case 3: Financial services

Smallholder farmers have limited access to credit and insurance services (Sanka & Nkilijiwa, 2021),
which hinders the uptake of quality farm inputs and modern farm equipment to increase production.
However, agricultural financing has a potential role in sustainable agriculture among smallholder
farmers globally. Tanzania has experienced low agriculture production in the long term despite its
abundant arable land and favorable climatic condition. Many studies link low production to lack
of access to credit services; most poor farmers cannot adopt new technologies and farm inputs to
increase production (Elliot, 2016). The majority of smallholder farmers, especially in rural areas,
depend on cooperative institutions as a source of credit. Cooperative institutions are formed
locally and loans are only granted to known members of the association who provide micro-
savings as collateral for the loan (Sanka & Nkilijiwa, 2021). However, loans from cooperative insti-
tutions are limited based on members’ micro-saving, limiting the farmers’ ability to invest in agricul-
ture. A study on access to credit in Tanzania shows that only 1% of total bank lending goes to the
agriculture sector. The banking industry in Tanzania anticipates high risks of lending to smallholder
farmers (Simbakalia, 2012). Most farms are uninsured due to farmers’ financial illiteracy, low willing-
ness to pay, and lack of trust in insurance providers (Osumba et al., 2020).

A data management system for smallholder farmers is essential for access to financial services in
Tanzania. Credit services could enable farmers to adopt modern farm equipment and quality inputs
for increased production and income. Farmers’ data can be shared with financial institutions through
APIs. For instance, a farmer using the FDIS platform could apply for a financial service, the financial
institution could ask the farmer to share his/her information for evaluation purpose. Comprehensive
data on farmers, farms, production, insurance, credit history, and business information can reduce
the banking industry’s risks in lending to farmers. The information would enable financial institutions
to analyze the highest loan amount for a farmer, the ability to pay, and recovery measures if they fail
to pay the loan. Likewise, insurance companies can use a similar method to offer insurance services
for smallholder farmers. Index-based agriculture insurance, which seems promising for smallholder
farmers (Hazell & Hess, 2017), requires farmers and field data to analyze potential risks of farmers that
need to be insured. Access to credit and insurance will increase smallholder farmers’ confidence, and
investment in agriculture hence fostering economic development, increased production, and
increased employment, especially for most unemployed youth in urban areas, reducing poverty
and food insecurity.

5.4 Case 4: Market access

Market access has been a critical challenge to most smallholder farmers in developing countries,
including Tanzania. Lack of market information is the bottleneck of the smallholder farmers
toward participating in agribusiness. Middlemen take advantage of farmers’ lack of market infor-
mation by buying at a low price, usually on the farm, and selling the product at a high cost to
the consumers (Oguoma et al.,, 2011). It is heart-breaking: a report from Tanzania mentions that
many farmers aim to produce mainly for (low) consumption because of regular losses in the
market when they want high production for their business (Navuri, 2018). Most smallholder
farmers practice subsistence agriculture; they avoid taking risks for higher production that could
help increase their income, solve the country’s malnutrition problems, and make the agriculture
sector more dynamic.



INFORMATION TECHNOLOGY FOR DEVELOPMENT . 571

The use of the Internet and Information Technology (IIT) has a significant impact on selecting pro-
ductive sales and marketing channels, increasing farmers’ income (Zhang et al., 2021). The market
module of the FDIS framework will provide updated information on different markets and
product prices. This information is vital to farmers when bargaining to sell their products to aggre-
gators, consumers, agro-food processors, and other stakeholders in the market value chain. A farmer
with an FDIS platform on his/her smartphone, computer, tablet, or other device could access the
market price of all products (the farmer can use information to decide on future crops to plant, live-
stock, or post-harvest planning), use the virtual market for farm products by directly meeting poten-
tial buyers at a reasonable price (thus eliminating intermediaries in the market value chain), resulting
in an incentive for increased production and income for smallholder farmers.

6. Discussion

The FDIS platform has the potential to reduce risk for farmers and stakeholders involved in agricul-
ture — promising increased productivity and income, reducing inequality by empowering women in
agribusiness, stimulating economic development, and solving the world’s pressing challenge of pro-
ducing enough nutritious food for a rapidly growing population. The digitization of the national agri-
culture system has the potential to empower the majority of smallholder farmers through the
services provided by stakeholders in a full farming cycle. We propose a public or public-private
managed digital system for the potential role of government in mobilizing the stakeholders and
resources needed to empower smallholder farmers for sustainable agriculture.

6.1 An FDIS toward sustainable agriculture

Smallholder farmers could achieve sustainability in the agriculture context — economic sustainability,
environmental sustainability, ICTs infrastructure, and resources sustainability, as smallholder farmers
have access to financial (credit and insurance) and tailored advisory services that would enable them
to invest in modern farming techniques, improved farm equipment, and quality inputs, resulting in
increased production (Mushi et al., 2022). Furthermore, an FDIS could increase profitability by facil-
itating access to market information and linking smallholder farmers with potential customers.
Therefore, an FDIS can help smallholder farmers to achieve economic sustainability — increased pro-
duction and income. An FDIS can play a role in environmental sustainability through ecological con-
servation and reducing the impact of ICT on the environment. The ability of smallholders to identify
certified and registered farm inputs, particularly agrochemicals and fertilizer, could eventually lead to
the elimination of counterfeit products that could harm the ecology and health of consumers. More-
over, increased uptake of quality inputs such as fertilizers at a required amount would make the cul-
tivated area productive for the long term, avoiding deforestation in seeking new arable land. FAO
report that cultivated area will increase by 12% in developing countries, particularly in Sub-
Saharan Africa and Latin America, while decreasing by eight percent (8%) in developed countries
by 2050 (FAO, 2009).

It should be noted that the FDIS platforms also contribute to environmental pollution mainly
through carbon emissions in data centers. Therefore, to reduce the environmental impact of ICT, por-
table devices (for data collection and service access) such as smartphones and tablets are encour-
aged, as they are energy efficient (Jindal et al., 2012). We propose using the green fog computing
model to implement the FDIS architecture to diminish carbon emissions and high energy consump-
tion in centralized data centers (Qureshi et al.,, 2021). In the hierarchal arrangement of fog nodes,
small data centers in each region will act as a fog with the ability to use renewable energy
sources such as wind and solar power, thus less carbon emissions and energy consumption,
which is promising for environmental sustainability. FDIS platforms use ICT infrastructures, which
require financial and human resources to manage in order to provide long-term digital services to
smallholder farmers. Those infrastructures require regular maintenance, hardware and software
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upgrades, and qualified staff to ensure the daily operation of the system. In addition, collecting and
updating data requires human intervention to ensure data quality. An FDIS as a public or public-
private managed platform will operate under public office, thus, receiving financial and human
resources from the government. To fund the FDIS, the government can generate revenue by char-
ging stakeholders such as financial institutions, agro-dealers, and the market to support ICTs infra-
structure and resources sustainability. An FDIS as a public-managed platform would be more
services-oriented than a profit-based business model. Therefore, the fee should be as low as possible,
which should not affect the income of smallholder farmers.

6.2 Toward an implementation of an FDIS

6.2.1 Infrastructure and resources for FDIS sustainability

Several factors surround ICT projects to ensure their successful implementation and sustainable
operation. While a critical enabler, investment in ICT infrastructure alone cannot produce the
desired socio-economic impact (Bollou & Ngwenyama, 2010). Therefore, complementary invest-
ments such as good policy, an education system, stable electricity service, a skilled workforce, and
other resources are essential for the sustainability and maximum impact of ICT projects (Ngwenyama
& Morawczynski, 2010).

The proposed FDIS is an ICT project that aims to have a socio-economic impact at the national
level by enabling smallholder farmers to access essential services that maximize their production
and income. The envisaged system requires investment in ICT infrastructures such as communication
networks, data centers, Internet services, ICT devices and other related tools, which drive the impact
(Samoilenko & Osei-Bryson, 2021). Samoilenko and Osei-Bryson (2021) added that these drivers
attract activities, investments, and resources such as a skilled workforce, electric service, and
sound policy for successful and sustainable operations for the desired socio-economic implications.
Current investment in ICT infrastructure, particularly wireless communication (Sinda, 2021), rural
electrification (Bensch et al., 2019), and rural farmers increasing mobile usage and Internet access
(Msoffe & Lwoga, 2019) in Tanzania are promising drivers for the implementation and sustainable
operation of the FDIS framework. In addition, the national education system fosters the availability
of a skilled workforce such as ICT specialists, data management experts, logistics personnel, and
many other human resources needed to make a maximum socio-economic impact for the
country. ICT in support of the country’s agriculture development policy is also critical to the
planned implementation of the FDIS, stakeholder adoption and sustainability of the platform. For
instance, an ICT policy to digitize the national agricultural system could rally all stakeholders, identify
new areas of skill development, logistics, and food supply chain development, and other events
necessary to achieve the desired economic outcome.

FDIS as a disembodied digital artifact solution — which runs on computers, smartphones, tablets
and similar devices and is not tied to specific livestock, crops, or farm equipment (Birner et al., 2021),
would require access to public data such as spatial and non-spatial agricultural information to func-
tion. Although lagging behind, some governments in low- and middle income countries are begin-
ning to provide public data to support the agriculture sector. For instance, the ‘AGIS Comprehensive
Atlas’ in South Africa provides a wide range of spatial data services, including land use, soil quality,
crops and vegetation, climate change, national agricultural infrastructure, and others (Open Data
South Africa, 2022). Public data plays an important role in agriculture, including supporting farm
advisory services, planning, crop management, post-harvest activities, investments, pest and
disease control, and agriculture research, to name a few.

6.2.2 Leveraging available infrastructure and resources

There are some existing services that we can adapt to the FDIS platform without developing them
from scratch. A study should be conducted to identify the current services to be included in an FDIS.
For instance, electronic data on registered and certified farm inputs published by responsible



INFORMATION TECHNOLOGY FOR DEVELOPMENT . 573

government authorities (Elliot, 2016) and advisory information systems (Sanga et al., 2013), as well as
mobile applications such as the one to combat substandard farm inputs (Shao & Edward, 2014).
However, most existing services may require modifications to achieve the desired benefits to small-
holder farmers. An FDIS would also need data exchange mechanisms such as linking to a national
identification system to collect farmers’ identities and exchanging data via APIs with services provi-
ders, primarily financial institutions. Data collection for FIDS is an expensive task and requires sub-
stantial financial resources during project implementation because it involves a large number of
staff and equipment. Nevertheless, outreach workers across the country in Tanzania could be
responsible for regularly updating data from their regions after the project’s duration. Therefore,
an FDIS could use minimal resources by effectively utilizing existing government human and
material resources.

6.3 Issues related to data

FDIS is a data-driven artifact solution for smallholder farmers. Therefore, the implementation of the
solution requires prior consideration of various data-related issues. These issues include data protec-
tion, data quality, data ownership and sovereignty.

6.3.1 Legal issues on data protection

FDIS collects, stores, and shares personal data with third parties for services to smallholder farmers.
Tanzania is currently drafting its personal data protection legislation (UNCTAD, 2021), which will
strongly regulate data collection, storage, and sharing of such information. Until then, FDIS will
require implementing a specific process aligned with the legislation. The common principle of
‘purpose limitation’ can be applied to protect both personal and non-personal data, that data
should not be used for any other purpose than those consented by the farmers and other stake-
holders (FAO, 2021). Although requirements among countries vary, the common legislation for col-
lecting, storing, and sharing personal information requires the farmers’ consent. It lets them know
the purpose and the list of organizations with which the information will be shared (Boyera &
Grewal, 2020). Therefore, the implementation of an FDIS will require a training and awareness cam-
paign for smallholder farmers on the purpose and benefits of collecting, storing, and sharing their
data with other stakeholders. Farmers will also need to sign consent forms to allow the sharing of
information with stakeholders providing the necessary services in a complete farming cycle.

6.3.2 Data ownership and sovereignty

Data sovereignty is a rich and multi-dimensional concept, but it is usually tied in some way to control
of the data life-cycle, i.e. collection, storage, access, use and reuse, including deletion (Hummel et al.,
2021). Data sovereignty also raises concerns about government authority over data hosted in foreign
clouds, as it depends on the laws of the country in which the data is located (Irion, 2012). Moreover,
the introduction of data management model solutions in agriculture poses new data sovereignty
challenges, as agricultural technology providers can take control of the data collected (Prause
et al., 2021). Consequently, the question arises who owns the data between the farmers, the compa-
nies, or the organizations that manage the digital platform? The simple answer is that farmers own
the data, sometimes mentioned in the contracts; however, this may not be addressed in them (FAO,
2021). The complexity of data ownership and legislation is due to its non-tangible nature compared
to other objects. FAO (2021) mentions that legally, data is not exhaustible: it can be copied, trans-
ferred, and migrated, and the same data can be in different locations and owned by different
people. As an ad hoc solution, the FDIS platform could adopt existing legal and regulatory frame-
works dealing with data ownership (Townsend et al., 2019), as future legislation could resolve
some issues around data ownership. Similar to a digital farmer profiling platform (Boyera et al.,
2017; Gray et al,, 2018), an FDIS collects data that can be ‘captured’ - leveraging the data collected
from the users of the platform for commercial purposes, potentially selling the data to investors,
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advertisers, product or service innovators (Fraser, 2019). Schrijver (2016) mentioned that giving
farmers control over their data flow to other stakeholders builds trust with farmers for data exchange
and benefits services for sustainable agriculture. Therefore, farmers and stakeholders should have
ownership and control rights, such as deciding on the sharing of data for other purposes and its
reuse to prevent agricultural technology providers from taking it. Indeed, farmers should control
and decide on the data generated by their actions to benefit all partners involved and not fall
victim to a ‘data grab’ that only benefits agricultural technology providers (Fraser, 2019; Prause
et al., 2021). For instance, through an open data charter that would enable the design of open repo-
sitories for farm data, farmers could share some or all of their data, such as the sharing of data from a
particular farm or crop with a partner to facilitate planting, chemical or fertilizer application, post-
harvest services, etc. (Puri, 2016; Fraser, 2019; Prause et al., 2021). In addition, an FDIS requires a
legal and regulatory framework that grants ‘data owners’ the right to delete their data and opt
out of the platform completely, thereby ensuring ownership and protection of farmers’ data,
which, without stricter rules, is currently being allowed to be taken over by agricultural technology
providers (Prause et al., 2021). Increased public and private sector investment in ICT infrastructure in
Tanzania (Sinda, 2021) could attract domestic hosting of the FDIS framework to achieve data sover-
eignty. However, foreign clouds could also be helpful with a high encryption mechanism to protect
data from unauthorized access and use (Winandy, 2011).

6.3.3 Data quality

Data quality is essential for the FDIS to effectively and efficiently provide services to the farmers and
stakeholders involved in a complete farming cycle. In this regard, data quality refers to the comple-
teness, timeliness, accuracy, consistency, and precision of the data. The FDIS will collect and capture
static (i.e. personal information) and dynamic data that require regular updates, such as crop status
and production information. FDIS could use APIs to connect and verify farmer identities in national
personal identification systems to ensure consistency in individual farmer data. As an incentive, it is
essential to train farmers and other stakeholders on the importance of updating their data and the
quality issues, not just that of provider services. Autonomous data collection, such as sensors and
unmanned ground and air vehicles (UGV and AV), could ensure data quality; however, these tools
require a huge upfront investment (Daum et al., 2021). In general, the manual tasks of data collection
and update could involve well-trained staff, including extension agents, in collaboration with farmers
and other stakeholders. Indeed, as part of the data quality control process, FDIS will apply verification
and validation procedures to ensure data validity and reliability.

6.4 FDIS and smallholder farmers’ empowerment

Smallholder farmers will mainly access the FDIS platform through mobile phones. The increased pen-
etration of inexpensive mobile phones (prices consistently decreasing) and access to Internet in rural
areas (Silver & Johnson, 2018), create opportunities for empowering smallholder farmers globally. A
recent report on the digitization of African agriculture indicates that around 33 million smallholders
were using digital apps in 2019. This number is expected to grow to about 200 million smallholders
by 2030 (Technical Centre for Agriculture and Rural Cooperation (CTA) 2019). Ayim et al. (2022) ascer-
tained that text and voice-based services over mobile phones are the main ICTs adopted by small-
holder farmers in Africa to improve access to accurate and timely agricultural information. Similarly, a
study in Tanzania shows that mobile phones are essential tools for rural farmers in accessing infor-
mation and communication, leading to various development outcomes (Msoffe & Lwoga, 2019).
Therefore, integrating these services into the FDIS platform will allow farmers to access personalized
information and advisory services from experts and outreach officers on-farm preparation, sowing,
and recommended farm inputs for soil fertility, crop protection, and increased agricultural pro-
ductivity. Also, an FDIS provides timely dissemination and access to early warning information to
prevent severe crop losses; examples include weather advisories and related risks such as drought



INFORMATION TECHNOLOGY FOR DEVELOPMENT . 575

and floods, crop diseases, and pest outbreaks. An FDIS could enable timely communication of
research output and agriculture technologies from Agriculture and Research Institutions (ARlIs),
including the Tanzania Agricultural Research Institute (TARI), which has a network of 17 centers,
and universities. The ARI’'s main tasks involve disseminating produced knowledge to the agrarian
community across the country for farmers to adopt modern farming. ARIs, in collaboration with
media (community radio) and outreach officers, can become reliable sources of information and
advisory services for farmers, raising awareness and building agribusiness skills. Unlike farmers
who rely on traditional sources of information such as word-of-mouth from fellow farmers, commu-
nity elders, family members, and superstitious beliefs (Misaki et al., 2016). An FDIS allows ARlIs,
experts, and outreach officers to repackage and disseminate information based on farmers’ literacy
level, perceived information needs, location, types of crops or livestock, and other information. These
tailored information and advisory services could significantly improve modern farming practices for
sustainable agriculture among smallholder farmers. Generally, farmers will be able to make informed
decisions on various farming activities in a complete farming cycle.

An FDIS connects smallholder farmers with a network of service providers, namely financial insti-
tutions, agro-dealers, agronomists, donors, investors, and business and government services over
various matters that empowers farmers. For instance, some donors and investors commit to empow-
ering different levels (poor, moderately poor, and abysmal) of smallholder farmers, as in USAID's
‘Feed the Future’ program in Tanzania (USAID, 2021). An FDIS could provide information to identify
these groups and the positive impacts on targeted smallholder farmers. Policymakers will also access
vital information to understand different smallholder farmers’ concerns better, thus designing and
implementing policies that benefit smallholder farmers and promote agriculture and rural
development.

6.5 IT and human development

An FDIS is an IT-based framework solution for smallholder farmers aiming to foster economic growth
in developing countries. According to Heeks (2016), digital development is a socio-technical system
in which ICTs and society are interconnected and influence each another. The process involves
social-technical systems that include socio-economic and political aspects that participate in the
design, use and management of digital development (Heeks, 2016). The design, use and governance
of the FDIS framework adhere to the principle of IT for development as it involves national-level agri-
culture stakeholders and digital technology for socio-economic development. An FDIS involves sta-
keholders from the initial stage of artifact design (user survey) through implementation and
evaluation that entail the use and governance of digital development.

An FDIS has the potential to enable smallholder farmers access to financial services for investment
in agriculture, achieve increased agricultural products and find reliable markets which results to
increased income and social well-being of the society. The digital framework also strengthens the
country’s agricultural value chains as it brings together critical agricultural stakeholders, namely
farmers, agro-dealers, processing industries, consumers, government, donors and investors. An
FDIS promotes transparency, collaboration and inclusiveness of the marginalized groups such as
rural farmers, women and indigenous communities. Policy and decision makers can access reliable
information about different matters of smallholder farmers and design policies that stimulates econ-
omic development of the country.

6.6 Challenges of implementing FDIS framework

Although it looks promising, the FDIS framework may face various challenges that could hinder its
full potential. First and foremost, digital literacy is vital for all stakeholders involved in the farming
cycle. Despite the spread of smartphones and Internet penetration (Schroeder et al., 2021), digital
literacy remains a barrier to digital solutions in developing countries (Lopez & Aminu, 2021). It
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can affect the adoption and use of the FDIS framework, data quality (manual entry), and the overall
services provided by service providers. In addition, the digital divide between literate and illiterate
people, large and small farms, women and men, and industrialized and developing countries may
emerge (Birner et al., 2021). Digital literacy training for farmers and stakeholders is critical to the per-
formance of the FDIS framework. The challenge of incentives to extension workers, farmers, agro-
dealers, and other stakeholders could affect manual data entry, thereby distorting the quality of ser-
vices. Therefore, raising awareness and encouraging all stakeholders to manually enter data could
ensure quality of data and services to all relevant stakeholders (Daum et al., 2021). Agricultural
policy directly influences the adoption of ICT as impact driver (Samoilenko & Osei-Bryson, 2021).
Creating policies that encourage the digitization of the national agriculture system could lead to suc-
cessful implementation of the FDIS framework. Like other digital agricultural data management sol-
utions, FDIS may face the challenge of policy frameworks and guidelines that address data
ownership, sovereignty, privacy, and security issues due to the unique nature of the data (Daum
et al., 2021; FAQ, 2021). The integration of different data from different sources and formats could
be a setback for the FDIS framework; however, the problem can technically be addressed during
implementation. In addition, limited access to public data in most developing countries (Birner
et al., 2021), could affect the quality of services under FDIS frameworks. The government should con-
sider making public data (i.e. spatial and non-spatial agricultural information) accessible for sustain-
able agriculture via the envisioned framework.

7. Conclusion
7.1 Digital artifact summary

We presented FDIS, a vital digital artifact for sustainable agriculture, especially for governments
directly involved in decision making, regulation, and control of different aspects that affect the agri-
culture sector. FDIS could provide effective and transparent means for government involvement in
the agricultural sector through accurate and timely information. In most developing countries, gov-
ernments have considerable influence over the agricultural sector, which affects the market and dis-
tribution of inputs, stakeholder investments, and the market of agriculture products. For instance,
through its agencies, the Tanzania government is involved in the importation and registration of
farm inputs, subsidies programs, agriculture financing, and controls export markets of agriculture
products. The government could oversee the distribution of quality farm input throughout the
country and the prices of these inputs, which are high in some areas due to the cost of transpor-
tation, resulting in low adoption by farmers (Elliot, 2016). Therefore, in collaboration with input sup-
pliers, the government could implement mitigation strategies to reduce the cost of inputs in the
identified areas in order to increase the use of quality inputs and increase the productivity and
income of smallholder farmers.

The FDIS operation could prompt the government to review existing flawed policies and reforms
(Cooksey, 2012) to promote growth in the agriculture sector. Moreover, stakeholders and farmers
could prepare local and international markets through early production estimations. Also, it is
easy to identify, control and communicate early warnings about disasters and other potential
risks such as pests and diseases (Cooksey, 2012). Indeed, the FDIS platforms encourage transparency
in government services and control such as subsidies distribution, combating substandard inputs,
and regulating input and farm products market prices.

An FDIS is an opportunity to grow and develop private sector investment in agriculture. It could
eliminate unfair competition between registered and certified farm inputs and uncertified ones pro-
duced locally or smuggled from neighboring countries. The platform provides essential data for
investors, such as agro-dealers services in areas with high input demand and processing industries
in regions with sufficient raw materials. These improvements could attract most unemployed youth
who have left agriculture and moved to urban areas in search of better income-generating jobs. An
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FDIS promotes sustainable agriculture, a more active role for government and other stakeholders,
and whose practical implementation can eliminate existing challenges and make agriculture a
reliable sector for youth employment and food production. It further stimulates IT for human devel-
opment through increased income and profitability, inclusion of underrepresented people such as
rural farmers, women and other marginalized groups. Thus, it contributes to achieving zero
hunger and reducing extreme poverty — the first and second Sustainable Development Goals of
the United Nations.

7.2 Future work

This study proposes a comprehensive digital platform for sustainable agriculture among smallholder
farmers. To contextualize the general model, we illustrate it from four case studies in Tanzania. We
believe that a platform that pulls together key stakeholders would solve common challenges of
smallholder farmers by enabling access to essential services in a complete farming cycle under
one roof through a single point of entry. The next step will be to interview these stakeholders,
whose responses will allow us to strengthen our model according to the loops illustrated in
Figure 2. The article stimulates similar research on developing digital solutions that brings together
critical stakeholders for the economic, political and social development of people. The presented
Business Process Modelling and Notation (BPMN) diagram (Figure 3) for different FDIS modules is
the first concrete step toward developing our platform. To the best of our knowledge, this is the
first artifact that focuses on a comprehensive solution to common challenges and transparency of
services toward sustainable agriculture among smallholder farmers. Practitioners can play a signifi-
cant role of mobilizing resources and stakeholders to achieve this digital development in agriculture
sector. In future work, we plan to demonstrate part of the artifact solution and conduct a user survey
in Tanzania to assess the applicability of this FDIS artifact by stakeholders for the implementation of
the sustainable agriculture platform. The survey could identify missing service components and data
sets for smallholder farmers and other stakeholders. This testing of our model against the harsh rea-
lities of smallholder farmers could prompt a redesign to improve the artifact.

Notes

1. Most studies mention economic and partly environmental sustainability as the two components of sustainable
agriculture. In addition, Mushi et al. (2022) consider other resources, ICTs infrastructure sustainability and green
computing (environment sustainability) essential components of sustainable agriculture.

2. Although FDIS is designed for Tanzania’s national agricultural system, it can be adopted in the context of any
other developing country.
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