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Small-scale food producers can benefit significantly from the adoption and
effective utilization of Information and Communication Technologies (ICTs).
For example, ICTs can help improve food production and access to markets,
which is particularly valuable in many Sub-Saharan African countries that both
urbanize rapidly but whose food systems still rely significantly on small-scale
food producers. This study examines the adoption patterns and desirable
characteristics of ICTs, as well as the factors influencing them, among small-scale
food producers engaged in urban agriculture in South Africa. We administered
85 in-person surveys through referrals from local producers’ network in
disadvantaged areas of Cape Town (n =21; Gugulethu, Philippi, Khayelitsha)
and Johannesburg (n =64; Central Business District, Soweto, Orange Farm).
A substantial proportion of the respondents articulated the need for food-
related mobile applications with functions that facilitate price comparisons, and
the sharing of best practices and health advice. User-friendliness, low internet
data use, and affordability were perceived as the most important characteristics
for such food-related mobile applications. Redundancy analysis (RDA) reveals
that the socioeconomic and demographic characteristics of respondents
significantly influence the desired functionalities of food apps and their preferred
activities among the respondents. Producers that are married and have more
children, have higher income and education, and own larger land holdings,
show very distinct patterns in terms of desirable functions and uses for food
apps. Our research underscores the need for comprehensive approaches to the
development and promotion of food-related ICTs when targeting small-scale
food producers. The barriers and needs identified here can help ICT developers,
development agencies and policy-makers design fit-for-purpose interventions
and policies to facilitate ICT adoption among urban small-scale food producers
in rapidly urbanizing areas.
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1 Introduction

1.1 Urban small-scale food production in
Sub-Saharan Africa

Small-scale food producers' are the backbone of the agricultural
sector across Sub-Saharan Africa (Gassner et al., 2019), accounting for
most of the food production (Giller et al., 2021). Small-scale food
production is essential for the livelihoods and food security of most
rural population in the region (Gollin, 2014), as well as many food
producers that still operate in urban and peri-urban areas (Vidal
Merino et al., 2021). At the same time, Sub-Saharan Africa is the
fastest urbanizing region in the world (Githira et al., 2020). Urban
food security has been emerging as a major development challenge for
the 21st century (Crush and Frayne, 2011), especially as the
COVID-19 pandemic clearly showed (Gebeyehu et al., 2022). With
urban diets rapidly changing across the region, many urban
households increasingly rely on unhealthy, unaffordable and
unsustainable diets (Barker et al., 2021). In particular, urban diets
increasingly rely on ultra-processed and frozen food, which is
imported and accessed through major supermarket chains, ultimately
having a negative effect to traditional small-scale food production
systems, including those operating within cities (Djurfeldt, 2015;
Battersby, 2017; Ahmed et al., 2022).

Urban agriculture’ sits at this confluence of urbanization and food
system transformation. On the one hand it has been a vital source of
food in many Sub-Saharan African cities, including for the emerging
niche market for locally grown vegetables (ID’Alessandro et al., 2018;
Ahmed etal,, 2022). On the other hand, it is predominately practiced
by small-scale producers operating in very diverse spaces such as
backyard home gardens, community gardens and open spaces (Tevera,
2022) in inner cities (intra-urban agriculture) and urban peripheries
(peri-urban agriculture) (Van Veenhuizen and Danso, 2007). A large
portion of these small-scale urban food producers sell their output to
low-income consumers in informal markets (Vorley, 2013), while
others cater organic products to richer consumers (Coulibaly et al.,

1 According to FAO (2018a) small-scale food producers can be defined as
those whose cultivated land size, number of livestock and/or annual economic
revenue from agricultural activities fall in the bottom 40% of the respective
cumulative distribution at national level. UNEP (n.d.) characterizes small-scale
food production as relying on low asset base, operating in small plots (<2ha),
experiencing structural constraints (e.g., low access to resources, technology,
and markets), struggling to be competitive, and having limited resource
endowment compared to other farmers in the sector. Khalil et al. (2017) use
the terms “smallholder” and “small-scale farmer” synonymously, stating that
although “smallholder” refers more to tenure and “small-scale producer” refers
more directly to production levels, the two refer to very similar entities.
Acknowledging this slight difference, for the remainder of the paper we use
the term “small-scale food producer.”

2 Van Veenhuizen and Danso (2007) define urban agriculture as "the growing
of plants and the raising of animals for food and other uses within and around
cities and towns, and related activities such as the production and delivery of
inputs, processing and marketing of products.” Acknowledging similarities and
slight differences with other terms such as “urban farming,” for the remainder

of the paper we use consistently the term “urban agriculture.”
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2011; Kini et al, 2020). This growing demand of affluent urban
consumers on locally-sourced organic vegetables presents new market
opportunities for urban small-scale food producers (Orsini, 2020), but
the competition with larger producers (especially large international
supermarket chains) hinders their market entry (Grebitus, 2021;
Ahmed et al., 2022).

Many studies have acknowledged the positive effects of urban
agriculture for food security and livelihoods, especially for the urban
poor (Zezza and Tasciotti, 2010; Poulsen et al., 2015). For example,
urban agriculture can contribute to sustainable and resilient local food
systems, especially in the context of growing urban populations and
accelerating climate change (Mougeot, 2015; Moustier and Renting,
2015). However, the viability and sustainability of some urban
agriculture practices has also been debated (Badami and Ramankutty,
2015; Weidner etal., 2019). As a result, innovative approaches such as
vertical farming, rooftop gardens, and community-supported
agriculture (CSA) are explored,’® as they can both improve the
performance of urban agriculture systems but also offer several
co-benefits (Specht et al., 2014; Orsini, 2020).

Despite their crucial role, small-scale food producers face
numerous challenges, including in urban settings. Challenges include
limited access to resources/markets/technologies/capital/credit,
inability to undertake proper quality control and complex logistics, as
well as vulnerability to market volatility (Chagomoka et al., 2017;
Ricciardi et al., 2018; Lowder et al., 2021). Other common challenges
include reliance on low-quality inputs, declining soil quality,
exploitation from suppliers/traders/money lenders, and vulnerability
to pests/diseases, weather events and climate change (Makate, 2019;
Woodhill et al., 2020). This limited access to resources and these
compounding vulnerabilities often marginalize them from decision-
making processes (Benedek et al., 2021), and puts them at a
disadvantage when competing in the increasingly globalized and
distorted food marketplace observed in many Sub-Saharan African
cities (Woodhill et al., 2020).

Various technological, economic and policy responses have been
proposed to address such challenges facing small-scale producers in
Sub-Saharan Africa, including in urban food systems. Examples
include new technologies for food production and marketing,
improved access to credit and financial services, extension services
and training, the promotion of sustainable agricultural practices, and
the enhancement of market linkages (Tambo and Mockshell, 2018;
Bizikova et al., 2020; Mizik, 2021; Sarr et al., 2021; Wadumestrige
Dona et al., 2021). Participatory approaches that engage small-scale
food producers in the design and implementation of such responses
can be very effective in achieving such positive outcomes (Pamuk
etal,, 2015; Sergaki and Michailidis, 2020; Sachet et al., 2021; Doherty
etal., 2023).

3 Vertical farming involves crop production in vertically stacked layers or on
inclined surfaces (often indoors), achieving very high levels of productivity and
low resource use. Rooftop gardens are unused rooftop spaces converted into
green areas for food production, and the provision of benefits for urban
biodiversity, air quality, and human wellbeing. CSA entails partnerships between
local food producers and local food consumers, where subscribers (consumers)

receive a portion of the harvest from the producers.
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1.2 Information and Communication
Technologies for food systems
transformation

Information and Communication Technologies (ICTs) are a
particularly promising technological option to improve small-scale
food systems in Sub-Saharan Africa (Onyeneke et al, 2023).
Collectively ICTs refer to any method of electronically sharing or
storing data, including telephones, mobile broadband, the Internet,
broadcasting, sensor networks, and data storage and analytics (FAO,
2018b). ICTs can improve information search capabilities and
augment both the quality and quantity of accessible data, thereby
reducing ambiguity and improving productive activities and market
engagement (Bertolini, 2005).

On the production side, ICTs have facilitated access to agricultural
advice, climate information, and extension services (Hlophe-Ginindza
and Mpandeli, 2021). In particular, smartphone technology has
afforded new ways of communicating information in interactive and
multimedia formats (Harris and Achora, 2018), helping small-scale
food producers make suitable decisions by accessing better market
information (Hoang, 2020). Moreover, ICTs can facilitate the adoption
of sustainable agricultural practices, such as precision farming and
climate-smart agriculture, by providing farmers with access to
information, decision support tools, and monitoring systems (Antle
et al., 2017; Klerkx and Rose, 2020).

On the marketing side, ICTs can empower small-scale food
producers to better participate in modern food value chains and
markets (Aleke et al, 2011; Krone and Dannenberg, 2018). For
example, access to real-time market information helps small-scale
food producers make informed decisions about what to produce,
when to sell, and at what price (Courtois and Subervie, 2015).
Furthermore, ICTs can enable small-scale food producers to connect
directly with buyers, reducing transaction costs and improving their
bargaining power (Nakasone et al., 2014). For example, digital
platforms, such as e-commerce and mobile money services, can
enhance market access and financial inclusion for small-scale food
producers (Agyekumhene et al., 2018). Additionally, ICTs can support
the development of innovative business models, such as farmer
cooperatives and agri-food e-commerce, which can help small-scale
food producers overcome challenges related to economies of scale and
market access (Berti and Mulligan, 2016; Alam et al., 2023), income
diversification (Leng et al., 2020), increase farm productivity (Chandra
and Collis, 2021), and enhance food security (Ayim et al., 2022).

However, many of the introduced ICT solutions targeting small-
scale food producers in Sub-Saharan Africa have failed to achieve
sustained positive impact. For instance, most such ICT solutions have
relied on basic messaging services, which have a limited ability to
boost commercialization as they simply broadcast standard market
pricing information (Fafchamps and Minten, 2012). Conversely, many
of the more promising advanced ICTs have tended to focus on large-
scale food producers, often overlooking the unique constraints of
small-scale food producers (Klerkx et al., 2019). Other complementary
ICT solutions, such as helplines and advisory services, have frequently
struggled with high maintenance expenses and continuous upgrading
requirements to address evolving threats (e.g., pests, climate change)
and user feedback (Baumiiller, 2018).

Studies have identified three main reasons behind such failures.
First, is the techno-centric design assumptions of many ICTs that
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overestimate user digital literacy, resources, and access to smartphones
and reliable internet, which is generally not the case for small-scale
food producers. Second, is the lack of long-term viability and credible
pathways to scale beyond scattered pilot trials (Baumiiller, 2018;
Chandra and Collis, 2021), sometimes due to their limited geographic
coverage that cannot account for the diversity of contexts facing small-
scale food producers across regions (Trendov et al., 2019). Third, is the
insufficient institutional backing (Aker et al., 2016; FAO, 2018¢).

Arguably, at the heart of this situation lie the persistent digital
inequalities between large- and small-scale food producers (Mushi
et al,, 2022; Revenko and Revenko, 2022). This raises concerns on
whether increased digitalization will be inclusive for small-scale food
producers (Lajoie-O"Malley et al., 2020), considering their multiple
constraints to ICTs adoption such as the high costs for using mobile
phones, mobile network problems, and limited ICT skills (Hoang,
2020). Such constraints might force low-income users (a) opt out of
services requiring additional payment for accessing information,
(b) decide not to invest additional funds in services that do not clearly
convey the benefits, or (c) require intermediaries to mediate trust and
enable successful credit transactions through digital platforms
(Agyekumhene et al., 2018; Harris and Achora, 2018). Taking all of
the above into consideration, Weidner et al. (2019) argued that if not
designed well, urban agriculture initiatives supported by ICTs may
primarily benefit affluent consumers and entrepreneurs, while
excluding marginalized groups and reinforcing existing
power structures.

Various strategies have been proposed to address these challenges
and ensure inclusive and equitable benefits from ICTs, such as
investing in digital infrastructure and literacy, developing context-
specific ICT solutions, and promoting multi-stakeholder partnerships
(Deichmann et al., 2016; Tsan et al., 2021). Moving forward, future
ICT initiatives for small-scale producers must carefully diagnose
localized barriers, priorities, and digital literacy skills to design
appropriate solutions (Roberts and Hernandez, 2019). These efforts
will benefit tremendously from the sustained involvement of end-users
in iterative ICT co-design and evaluation (Akinnuwesi et al., 2013;
Koukou and Dekkers, 2024), as well as other relevant stakeholders
such as extension services, policymakers, and consumers (Steinke
etal, 2019; Alfonsi, 2024). Such participatory approaches can have
significant positive outcomes for ICT design and adoption, and reduce
digital divides (Chipidza and Leidner, 2019; Ortiz-Crespo et al., 2020).
The success of such efforts would further benefit from (a) the proactive
role of the government in facilitating the involvement of different
stakeholders, and (b) the development of localized implementation
frameworks to support the ICTs adoption and deployment (Smidt and
Jokonya, 2022).

1.3 Knowledge gaps and research aims

Considering the above, there are significant gaps in the academic
literature exploring the adoption and use of ICTs by small-scale food
producers, including in urban settings. First, we lack a comprehensive
understanding of their preferences, needs, skills, and capabilities to
adopt and utilize ICTs, as well as effectively develop their skills and
customize ICTs to meet their unique needs (Eitzinger et al., 2019;
Mushi et al., 2022). This is particularly true in developing countries
(Landmann, 2018). Second, the perspectives of small-scale food
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producers are often not taken into consideration when designing ICTs
for them (Chizema and van Greunen, 2023), which may result in ICTs
that are not fit-for-purpose or do not meet their needs, affecting their
sustained adoption (Aleke et al., 2011). Third, to maximise the potential
of ICTs for small-scale food producers, it is crucial to understand how
to address the more systemic factors influencing digital inequalities.
Specifically, for Sub-Saharan Africa, more research is needed to identify
how to remove the barriers of poor infrastructure, ineffective policies,
and low level of ICT skills (Ayim et al., 2022). These three research gaps
are especially prevalent in emerging and developing countries. While
these research gaps are widespread across developing settings,
examining them in a specific context can provide valuable insights.

South Africa is an ideal context to understand ICT adoption
patterns among small-scale food producers, especially in urban
contexts. On the one hand, South Africa has the most productive,
modernized, and diverse agricultural sector in Sub-Saharan Africa
(International Trade Administration, 2021), is highly urbanized with
two thirds of the population living in urban areas (Bakker et al., 2020),
and ranks 3rd in Sub-Saharan Africa in terms of ICT penetration on
the ICT Development Index (International Telecommunication Unit,
2017; Malanga and Simwaka, 2021). On the other hand, urban
agriculture is still very prevalent in the major cities, meeting many of
the livelihood and nutritional needs of poor urban residents (see
Section 2.1). However, this happens in a post-apartheid context
marked by an increase in social inequality (Nthane et al., 2020),
making South Africa the most unequal country in the world (World
Bank, 2022). Moreover, the South African food system experiences
multiple sustainability challenges (Termeer et al., 2018; Sobratee et al.,
2022), with the large (and predominantly black) majority of small-
scale food producers still waiting for further government efforts to
correct the injustices of the apartheid era (Siebert, 2020).

In this context, emancipatory initiatives that employ digital
technologies to confront existing inequalities and promote alternative
visions of agriculture, emphasize the political nature of digital
agriculture (Hackfort, 2021). The South African ICT Research,
Development, and Innovation roadmap highlights the use of ICTs to
improve agricultural production, specifically assisting small-scale food
producers oriented towards commercial markets to contribute to food
security, exports and mitigating environmental impacts (Department
of Science and Technology, 2013). ICTs are regarded as crucial for
development (Anwar, 2019) and are critical enablers for knowledge
management for poverty eradication (Fombad, 2018). Arguably,
understanding how South African small-scale food producers perceive
and use ICTs, and the factors that influence their choices can assist in
designing ICT tools that effectively aid in sustainable livelihood and
food security strategies. Furthermore, understanding the challenges
related to ICT adoption and use for small-scale food producers can
aid policymakers and development agencies in developing policies
and intervention strategies to enhance ICT adoption for pro-poor
agricultural activities. Beyond South Africa, such insights can
be relevant for other rapidly urbanizing and digitalizing Sub-Saharan
African countries that still largely rely on small-scale food producers.

The aim of this study is to understand the adoption patterns and
desirable characteristics of ICTs, as well as the factors influencing
them, among small-scale food producers engaged in urban agriculture
in South Africa. We achieve this through in-person surveys with 85
small-scale food producers in different areas of Johannesburg and
Cape Town. Section 2 describes the data collection and analysis
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methodology. Section 3 presents the main ICT adoption patterns,
their desirable characteristics and the factors affecting user
perspectives. Section 4 identifies critical areas for improvement at the
interface of small-scale food production and ICT adoption in
South Africa, and Sub-Saharan Africa more broadly.

2 Methodology
2.1 Study area

As in this study we seek to understand the challenges for current ICT
use/non-use and the desirable characteristics and functionalities for
future ICT tools for resource-constrained small-scale food producers
(Section 1), we focus on such producers engaged in urban agriculture in
the cities of Johannesburg and Cape Town. These cities represent two
major conurbations in South Africa, with Johannesburg being the most
populated and fastest-growing city, and Cape Town being the second
most populated city in the country (Abrahams et al., 2018). Both cities
are considered economic and technological hubs. Johannesburg is the
largest economic hub and most densely urbanized area (Risimati and
Gumbo, 2018), while Cape Town, labeled as ‘the digital gateway to Africa
has seen significant investments in digital infrastructure and a center
point for digital startups (Antenucci and Tomasello, 2022). Internet use
rates are higher in such primary cities and lower in secondary cities and
rural areas in South Africa (Lembani et al.,, 2020), and Sub-Saharan
Africa more generally (Githira et al., 2020).

Importantly for this study, both cities have a vibrant urban
agriculture sector that includes many small-scale food producers.
Urban agriculture has emerged as a vital coping mechanism and safety
net for many poor urban residents in the face of persistent
unemployment and food insecurity. An array of small-scale food
production activities unfolds across the intricate patchwork of urban
agriculture spaces in South African cities, ranging from backyards and
community gardens to school plots and unused public land (Tevera,
2022). While often small in size, such cultivated pockets integrated
within neighborhoods provide vital sustenance and livelihood
opportunities for residents (Figure 1). In particular, recent scholarship
underscores the invaluable role of urban agriculture in addressing
food access deficiencies and enhancing resilience for low-income
households in Johannesburg and Cape Town (Kanosvambhira, 2019;
Olivier, 2019; Atlink and Hart, 2023). For instance, urban agriculture
spaces such as farms, community gardens, and homestead plots make
meaningful nutritional and livelihood contributions in townships
across metropolitan Cape Town (Battersby and Marshak, 2016).
Likewise, in the Greater Johannesburg area, small-scale food
producers cater to food insecure urban residents through farmers
markets, informal trade, and other networks (Bbun and Thornton,
2013). Beyond fulfilling subsistence needs, urban agriculture also
unlocks prospects for poverty alleviation, job creation, community-
building, and youth engagement in these cities (Kanosvamhira, 2019).

Additionally, there are signs of ICT adoption, as well as a diverse
mix of markets (e.g., informal markets, farmers’ markets, supermarkets
of various sizes) with links to small-scale food producers engaged in
urban agriculture in the two cities. In more detail, there are many sites
dedicated to urban agriculture across Johannesburg, including in the
informal settlements (Atlink and Hart, 2023). Furthermore, there has
been significant support for urban agriculture within Cape Town for
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FIGURE 1
Urban agriculture site in Cape Town.

very long time (Rogerson, 2010 in Kanosvamhira, 2019) and the sole
city in South Africa that has implemented an urban agriculture policy
(Olivier and Heinecken, 2017, in Kanosvambhira, 2019). Finally, urban
agriculture in both cities has been significantly strengthened through
the support of government agencies, non-governmental organizations,
and citizen-led urban greening initiatives (Cilliers et al., 2020). This
support has been instrumental in establishing urban agriculture in
numerous areas across both cities and is possibly linked to the
adoption of ICT tools by many small-scale food producers.

At the same time food insecurity is a major challenge for many
urban residents in the two cities. More than 40% of urban households
in Johannesburg are food insecure (Atlink and Hart, 2023) and
approximately 68% of households are severely food insecure in
selected township areas of Cape Town (Battersby, 2011; Hunter-
Adams et al,, 2019). In such highly food insecure urban settings, urban
agriculture could help markedly enhance food security (Vidal Merino
etal., 2021), as well as job creation, poverty alleviation, community-
building, public health, education, and economic empowerment
(Olivier, 2019; Kanosvamhira, 2023).

For this study we focus on exactly such underprivileged areas
within Johannesburg (Johannesburg Central Business District,
Soweto, Orange Farm), and Cape Town (Gugulethu, Philippi and
Khayelitsha) (Figure 2). Encompassing the Central Business District,
Soweto, and Orange Farm, the Johannesburg area is a bustling
metropolis of approximately 4.8 million residents, with a slight male
predominance, and about 33.3% of the population not attending any
educational institution (5 to 24 years) (Statistics South Africa, 2022a).
Despite grappling with food insecurity affecting many urban
households, this region has emerged as a dynamic epicenter for urban
agriculture, demonstrating its potential in bolstering food security,
fostering job creation, alleviating poverty, and nurturing community

Frontiers in Sustainable Food Systems

development. Urban agriculture is a thriving practice in Cape Town’s
areas of Gugulethu, Philippi, and Khayelitsha, where it serves as a vital
lifeline in addressing the food insecurity faced by many people, while
also contributing to public health, education, and economic
empowerment. The city of Cape Town, home to approximately 4.8
million residents, is marked by a female predominance of 51.7% and
31.2% of the population (5 to 24 years) not engaged in any educational
institution (Statistics South Africa, 2022b). This region, grappling with
socio-economic challenges such as poverty, low-income distribution,
high unemployment rates, and various social issues, underscores the
critical role of urban agriculture in these communities.

2.2 Data collection

In total 85 surveys were collected from small-scale food producers
engaged in urban agriculture between 28 February and 18 March
2019. Of these, 64 were located in Johannesburg, specifically in
Johannesburg Central Business District (19%, n=16), Soweto (22%,
n=19), Orange Farm (34%, n=29). Twenty-one respondents were
located in Cape Town, specifically in Gugulethu (9%, n=8), Philippi
(7%, n=6), and Khayelitsha (8%, n=7).

To access the urban agriculture communities in the two cities,
the research team identified key informants in each study area that
provided information pertaining to local small-scale urban
agriculture initiatives. These key informants connected the team
with lead farmers, specifically those holding leadership roles
among their peers due to experience, reputation, or formal
appointment. As community liaisons proficient in English, these
lead farmers introduced the research team to other local small-
scale food producers. Thus, a snowball sampling method was
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Study sites in the Gauteng and Western Cape provinces.
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employed to identify additional potential respondents through
these referrals. During the initial interviews, respondents were
asked to recommend other local small-scale food producers who
could potentially participate in the study. These respondents were
then contacted and also invited to suggest other respondents,
allowing researchers to gradually build up a sample through
referral chains.

Several on the ground realities dictated the adoption of this
snowball sampling approach for respondent identification. First,
there was no comprehensive list containing all small-scale food
producers engaged in urban agriculture in each study area, thereby
precluding the possibility of using proportionate or randomized
sampling from lists. Second, other respondent identification and
randomization techniques such as transect walks were deemed as
unfeasible due to safety and security concerns, and general wariness
of local residents to outsiders considering the high criminality within
the study site areas. Despite some methodological concerns and
limitations (see Section 4.5), many scholars have argued that snowball
sampling can prove highly effective in accessing hidden or hard-to-
reach populations (e.g., Gray, 2014; Kammerer et al., 2019), often
requiring collaboration with gatekeepers (whether individual or
organizations) that facilitate this process. Furthermore, snowball
sampling can foster trust among respondents, especially in contexts
where respondents can be cautious to external entities (Bonevski
etal, 2014), as has been the case in our study areas. For such reasons,
several studies have adopted snowball sampling approaches for
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similar surveys in small-scale food production contexts in
Sub-Saharan Africa (Barau and Oladeji, 2017), including urban
agriculture (Brown et al., 2020).

Data was collected through a structured, face-to-face, and paper-
based survey consisting of predominantly closed-ended quantitative
and semi-quantitative questions divided into four sections:
(a) producer socioeconomic and demographic characteristics,
(b) agricultural production and practices, (c) adoption and use of
smart devices, (d) actual adoption and use of mobiles and apps (ICTs)
for food production and sale, as well as preferences and attitudes
towards food apps. The few open-ended questions were intended to
capture qualitative insights to complement the quantitative and semi-
quantitative data. However, the overall approach centered on the
standardized survey instrument (see Supplementary material for the
full survey). The survey was written and administered in English, as
this is the working language in South Africa. In case some respondents
struggled with understanding certain questions, the local lead farmer
accompanying the research team (see above) clarified those questions
in Zulu, Xhosa and Sotho, depending on the primary language of
the respondent.

Lastly, the Ethics Review Committee of the University of Tokyo
confirmed that this research study did not require ethical review in
accordance with the governmental research ethics guideline in Japan
(“Ethical Guidelines for Life Science and Medical Research Involving
Human Subjects), and “The University of Tokyo's Research Ethics
Regulation” Informed consent was obtained orally from participants
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after explaining the purpose of the survey and assuring them of
their anonymity.

2.3 Data analysis

All data was manually digitized, entered an MS Excel (Version 16)
spreadsheet to generate descriptive statistics and then imported into
R (Version 2022.07.2) for further analysis. First, descriptive statistics
were used to summarize respondents’ socioeconomic, demographic
and farming/food production characteristics, as well as the use and
desirable characteristics of ICTs (Section 3.1-3.2).

Regression analysis was used to assess the strength of relationships
between a series of dependent variables and independent variables
(Corporate Finance Institute, 2022). As dependent variables we used
“smartphone use,” “confidence in smartphone use,” “daily internet use”
and “food app use” (Section 3.3.1). As independent variables we used
various socioeconomic and demographic factors such as age,
education level, number of children, land size and income
(Section 3.3.1).

Redundancy analysis (RDA) was used to summarize the linear
relationships between multiple dependent and independent variables
in a matrix (Xia, 2020). In the RDA figures provided in Section 3.3.2,
arrows are used to depict the relationships between dependent
(outcome) variables and independent (explanatory) variables. The
length of an arrow signifies the strength of the relationship, with
longer arrows indicating a stronger correlation with the dependent
variable. The direction of an arrow, on the other hand, represents the
nature of the relationship. An arrow pointing towards the dependent
variable suggests a positive relationship, while an arrow pointing away
implies a negative relationship. For the RDA analysis in Section 3.3.2
we used as dependent variables the desired functions, and the desired
uses for food apps identified in Section 3.2. As independent variables
we use the socioeconomic and demographic variables used in the
association analysis (Section 3.3.1). The statistical significance of the
Redundancy Analysis (RDA) was assessed using R and a permutation
test with 999 permutations. This test was conducted under a reduced
model incorporating response and explanatory variables. The anova
function was utilized to compare the full model against a reduced one
and to ascertain the significance of each constrained axis. p-values for
each axis were subsequently calculated. Any canonical axis from the
RDA yielding a than 0.05 was
statistically significant.

p-value less deemed

Supplementary Table S1 contains the explanatory independent
variables and the outcome dependent variables used for the regression
analysis (Section 3.3.1) and the RDA (Section 3.3.2).

2.4 Positionality statement

As researchers, we recognize that our own backgrounds and
experiences inherently shape the lens through which we approach a
study. It is thus pertinent to articulate our positionality. The first
author is a white male Italian national who has lived and worked for
over a decade in South Africa as an academic on the topic of ICT for
development. The second author is a woman of Indian heritage who
is a South African national and has worked as an academic specializing
on sustainability science in her native country. The third author is a
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white male Greek national with no living experience in South Africa,
but extensive experience conducting similar empirical research across
Sub-Saharan Africa.

The first co-author possesses both extensive in-country expertise
on ICT research and teaching hundreds of undergraduate students on
ICT, as well as an external vantage point that comes from not being a
native South African. The second co-author lends crucial knowledge
and direct experience with the on-the-ground cultural, social,
political, and economic realities in South Africa, as well as through an
academic network that facilitated access and trust-building. The third
co-author has extensive experience in designing, conducting and
analyzing >20 large-scale surveys on food production and nutrition
in rural and urban contexts of nine countries in Sub-Saharan Africa.
In summary, this complementarity has enabled the research team to
bring both insider and outsider perspectives that enrich research
design, data analysis and interpretation, and reduce possible biases to
the extent possible.

3 Results
3.1 Household characteristics

Table 1 contains summary statistics for the sample. In summary,
49% of participants are female and 51% are male, with their average
age being 47 years old. Most participants (78%) have children, with an
average of 2.16 children per producer. In terms of education, 60% of
producers have not completed high school, 26% are high school
graduates, 12% have an undergraduate degree and 2% have a
graduate degree.

All participants are considered small-scale food producers, with
27% allocating <100 m? (0.01ha) of land for cultivation, while 16%
>10,000m? (1ha). Most producers (89%) do not own the land they
cultivate, with practically all (97%) of these small-scale food producers
accessing the land through a government department. Most of the
respondents (82%) did not pay any fees to utilize the land.

All producers cultivated vegetables on their land, and many
cultivated maize, fruit, legumes and herbs. Almost all producers
cultivate organic products (96%) citing health, safety, and overall
wellbeing of the local community as the main reasons to do so. Most
producers (69%) earn below USD 800 per annum from their produce,
followed by 18% who earn between USD 800-1,600, and 5% who earn
between USD 1,600-2,400. Finally, most producers (83.5%) sell their
produce at farmers markets at least once a week, 11.8% sell once or
twice a month, and 2.4% never sell at farmer markets. Regarding sales
at supermarkets, most producers (88.2%) do not sell their produce to
these markets, while the remainder sell their produce to supermarkets
at least once a week (4.8%) once or twice a month (4.8%). Finally,
almost all respondents (98.8%) do not sell online, indicating that this
type of market is still out of their reach.

3.2 Perceptions and attitudes for ICTs

Approximately 60% of participants own a smartphone. The reasons
for not owning a smartphone articulated from the remainder of
respondents include inability to afford purchase (44%), lack of
knowledge how to use a smartphone (15%), feeling too old to own a
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TABLE 1 Household characteristics.

Variable Fraction

Gender Female: 49%
Male: 51%

Marital status Single: 65%
Married: 32%

Other: 3%

Children in household Yes: 78%

No: 22%

Education Did not complete high school: 60%
High school degree: 26%
Undergraduate degree: 12%

Graduate degree: 2%

<0.01ha: 27%
0.01-0.05 ha: 20%
0.05-0.1 ha: 20%
0.1-1.0ha: 17%
>1.0ha: 16%

Cultivated land size

Land ownership Not own cultivated land: 89%

Own cultivated land: 11%

Access to land Through a government department: 97%

Other: 3%

Fees for land use 82% Did Not Pay Any Fees

Production of organic products Yes: 96%

No: 4%

<USD 800: 69%
USD 800-1,600: 18%
USD 1,600-2,400: 5%
USD 2,400-3,200: 2%
USD 3,200-4,000: 4%
>USD 4,000: 2%

Annual agricultural income

Sales at farmers markets No: 2.4%
Sell at least once a week: 83.5%
Sell once or twice a month: 11.8%

Other: 2.3%

Sales at supermarkets Not sell: 88.2%
Sell at least once a week: 4.8%
Sell once or twice a month: 4.8%

Other: 2.2%

Yes: 1.2%
No: 98.8%

Sales online

smartphone (12%), dislike of smartphone technology (6%), and other
reasons including the possibility of smartphone being stolen/lost or lack
of interest in the specific technology (23%). Among smartphone owners,
10% spent <USD 1.60 per month, 10% spent between USD 1.60-4.00
per month, 23% spent USD 4.00-8.00 per month, 37% spent USD 8-40
per month, 18% spent USD 40-160 per month, and 2% >USD 160 per
month. About 35% of the respondents owning a smartphone stated that
they are extremely confident when using their device, 51% that are
moderately confident, 10% that are somewhat confident, 4% that are
slightly confident (no respondents stated that they are not confident at
all). Finally, most producers owning a smartphone reported affordability
as the most desirable characteristic (82%), followed by brand reputation

Frontiers in Sustainable Food Systems

10.3389/fsufs.2024.1332978

(49%),
environmental impact (12%) and being trendy (12%).

(51%), customer assistance social status (18%), low

Of the 51 producers that use a smartphone, 78% (1n=40) actively
use at least one mobile application to help them produce and/or sell
food. Most common were social media applications such as WhatsApp
(98%) and Facebook (50%), with only one mobile application, Khula!,*
designed especially for small-scale food producers (13%). According
to Figure 3A, they actively use the app to specifically learn new
information (42%), expand their networks (34%) and marketing
(26%) (Figure 3A). When asked about the desirable functions that a
hypothetical app should have to improve their food production and/
or sales, respondents identified mainly functions for enabling price
comparisons (73%), sharing of best practices (73%), and obtaining
health tips (67%) (Figure 3B). When asked about the desirable
characteristics that a hypothetical app should have to improve their
food production and/or sales, respondents identified ease of use
(86%), low internet data consumption (76%), and affordability (67%)
(Figure 3C). Finally, when asked about the most desirable activities to
use such apps, respondents identified assistance with finding sale
points (84%), keeping financial records (84%), cultivating crops (84%),
undertaking logistics (73%), and keeping inventory (53%) (Figure 3D).

3.3 Factors associated with ICT perceptions
and attitudes

3.3.1 Association analysis

Table 2 present the associations between different demographic
and socioeconomic characteristics of the respondents with smartphone
use, confidence in smartphone use, daily internet use, and food app
use. Education level and land size are significantly associated with
smartphone use (Table 2). Age is significantly and negatively associated
with confidence in smartphone use (i.e., older respondents are less
likely to be confident in smartphone use), while education level is
significantly and positively associated with confidence in smartphone
use (Table 2). Land size is significantly associated with daily internet
use (Table 2), while age has a significant negative association with daily
internet use (i.e., older respondents are less likely to use the internet
daily). Finally, and interestingly, the number of children is the only
variable significantly and positively associated with food app use
(Table 2). This might reflect that children might influence parents to
actually adopt and use food apps.

3.3.2 Redundancy analysis

Figure 4 outlines the RDA exploring the relationship between
socioeconomic/demographic factors (Table 1) and desirable functions
for hypothetical food apps among producers (Figure 4). The results
suggests that older respondents would tend to prefer app functions that
allow them read about product reviews. Conversely, younger
respondents would be more inclined to prefer app functions that help

4 Khula! is a mobile app and web-based platform designed to assist small-
scale food producers to access the formal marketplace and connect to suppliers
(Aguera et al,, 2020). The app enables farmers to list their produce, track real-
time inventory and meet market demand (Born et al.,, 2021). Refer to www.

khula.co.za.
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FIGURE 3

Actual uses of food mobile apps (A) and desirable app functions (B), characteristics (C) and uses (D).

them compare prices, share health information, expand their network,
and calculate their own environmental impact. Female and married
respondents, as well as respondents with higher levels of education,
higher incomes, more children, and larger land holdings would tend to
prefer app functions that allow them to access dietary information, share
best practices, increase social awareness about food, reduce food waste,
and trace food along the supply chain. The RDA indicates a statistically
significant association between socioeconomic and demographic factors
with desired functions for food apps (p=0.04, from 999 permutations).
The first two axes explain 11.08% (8.14% for RDA1, 2.94% for RDA2)
of the total variance, and the biplot of the RDA is shown in Figure 4.

Figure 5 outlines the RDA examining the relationship between
socioeconomic/demographic factors, with the desired uses for food
apps among producers (Figure 5). The results reveal that producers
with more children, larger land holdings, that are married, and older
would tend to prefer food apps for keeping financial records, cultivating
crops, and assisting with logistics. Conversely, male respondents and
those with higher levels of education and income would tend to prefer
a food app that can assist them with inventory management and
finding new customers. The RDA indicates a statistically significant
association between socioeconomic and demographic factors with
desired uses for food apps (p=0.002, from 999 permutations). The first
two axes explain 20.15% (13.7% for RDA1, 6.45% for RDA2) of the
total variance, and the biplot of the RDA is shown in Figure 5.

4 Discussion
4.1 Synthesis of main findings

Most participants are relatively old with comparatively low levels
of formal education, and do not possess the land they cultivate,
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which make them heavily dependent on governmental and other
forms of support for their agricultural activities. Most producers
have adopted organic cultivation methods. These findings reflect the
characteristics of small-scale food producers engaging in urban
agriculture in South African cities quite well (Bbun and Thornton,
2013; Bisaga et al., 2019; Cilliers et al., 2020; Atlink and Hart, 2023),
as well as other parts of Sub-Saharan Africa (Davies et al., 2021;
Maina et al., 2023).

A substantial fraction of these small-scale producers engaged in
urban agriculture does not use smartphones or similar smart
electronic devices. Among those owning and using smart devices,
the average monthly expenditure on internet data is considerably
high, which aligns well with findings from studies which underscore
the elevated cost of internet data in South Africa compared to other
developing nations (Gillwald et al., 2018; Venter and Daniels, 2020).
In particular, South Africans can spend as much as ZAR 85
(equivalent to USD 5.29) per GB of data, a cost that translates to
nearly 4 hours of labor for individuals earning the minimum wage,
which is stark contrast to the approximate cost of USD 1.53 per GB
in North Africa and USD 2.47 in Western Europe (Harrisberg and
Mensah, 2022). According to Gillwald et al. (2018) such high costs
of mobile phones and data are obstacles for the adoption and
utilization of ICTs in South Africa.

The majority of respondents possessing a smartphone reported
using some apps to aid in the cultivation and sale of their produce.
Interestingly, with the exception of Khula!, a dedicated food-related
app used by few food producers, all other apps were social media
platforms (Fawole and Olajide, 2012). However, this can be linked to
sub-optimal outcomes among adopters due to lack of development
and adoption of dedicated apps for small-scale food producers or the
poor-quality information provided in generalist apps (Costopoulou
et al., 2016). Most advancements in digital agriculture are geared
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TABLE 2 Relationship between socioeconomic and demographic characteristics with smartphone use, confidence in smartphone use, daily internet use, and food app use.

Frontiers in Sustainable Food Systems

(d) Food app use

(c) Daily internet use

(O]
w
S
(V]
=
[e]
=
[e
s
2
©
£
(%]
<
(V]
(9]
f=
(]
©
=
f=
o
(O]
3

(@) Smartphone use

Respondent

characteristics

Std.  z-value Pr(>|z|)

Estimate

Pr (>[t])

Std.

Estimate

=
&
<
a

Estimate

Pr (>|z|)

Estimate

T R N I N I N IS Y
2T @o 2 7l 2 o
S| o 2 S E-TR N I} S| 0 S
2198 a|=|zg 8 o=
S| 3 S e 2 S|
8l %/2 5 %233 8 2
e I I e R
[ [ [ [
wn o — o wn N N el o o«
® | K& KR Nl =2 Q0 v a
S| F 9 1w Sl o v v x|
L T I T T T T T~ - T -
“|ld | -~ ~ Ao || 3 oo
— w fea) wn
fan) =3 — <2} 0 =
= © = © a N4 = i =y >
N © " R 0 N ) © 2 o
< < ~ x S} = ° N Py a)
i B ) S| o T R - T =3
*
¥
* * % *
* | | 9o T | = Bl = N
n | o < by & x| = I -3
3 — — ) o o ) IS I N
: Rl R ) dlSs| =2 ||
Dl lo| S ||| 2| 3||s|<
2 =S =]
o
v R R e 8 % e a2 2 on
= N N D 5] N IS 0 [} ~
SISl L2 S A 22 S i
<~ 5 e /9~ = 7°
w | oo ~ o | v x|
Pl D 2 o E|lw| S| 8 v ®
5/ a ¢ alx v 53 ® *
|l v ¥ =« & ¢ | 8| 8 ©| x®
5 & “ o «@ ot = = = =3
- S S S S S} S S S
[} o o —
= N = =3 <
2 S/ 2l a2 3 & & =B 2
o o © Nl N o =l =< %) N
) 12 2|3 88 2=
< | 9|9 [l Tl | TF|°
#
* x| ¥ o al i o | & o | @
o fan) — wn =] " (=3 Nl wn =
< - o 1S9 N o — @ o
< s} < I 0 a 0 aQ =3 —
= T et S O S O~ S IS T I~ G T Bt
¥ ||| || S| o =T =
= S S
—
v 2 el & aln 2 wn
o n o) =3 — — © =N Iy i
&5 & = x < P < < = o
WS ] S| o \ SIS T =]
[\ wn =3 Iy Q «© =+ «© wn o
=3 o0 D aQa wn o S =y =g =
o o @K < =3 =+ s} =1 (= ~
wn =N o — N D =<} — (=] [fa}
o = N N N < < - = <
S| 3| o s| ||| 3|
N o foa)
[Ny o = =2} Iy N 5y
Sla R 28 @l aln 8
gl F 5§ ©ola & &= 8
< o — o~ =3 Q 1N o 3 )
& @« = — < = = N = =
*
* ¥ *
Qv | v o 9 v | % — | ¥
=+ f=) o NS N3 ) wn o ~ o
ey = x© o wn kst — o n P
@ E | S| o vl & o | < 2
= = = 2l 2 S = b= [} =
S| S| s ||| 3| S g S S
=]
S8l g &8 8 ¢ 3 5 ol 3 g
S &8 =23 88888
2 2= S ? =] 2
I | e T A
wn ) k=) o~ o «© faa) (=} (=} =
o - 15N 3a) oK ) =3 i=3 = A
=3 L) wn wn o© @ o =< =< (e}
< “ o o & ] N o o a
~| 4| 8| ||| | c|c
LRI a8 a v & @
Rl =5 & a9 @ vl q§ v
o N wn =3 o
N ‘\! R @A X a G} a1 R
L T e ot B O I i T B
| | | | |
3
9 g
£ o -}
= 3 @ £
2 g 2 E
£ 2
= | A &b s ] o °
o @ = ]
g 8 E 5 = § 2 o 3
ol 2 8 13} s =1 = £ 5
S5 B| v | = ] S Ee)
=1 =1 = — o
51 o i o = 8 =1
£ 3 3 o & | = =1 ] <
S 2| 2|0 =2 <|0 & 53

Signif. codes: **¥#p<0.001; *#*p<0.01; *¥*p<0.05; *p<0.1.

10.3389/fsufs.2024.1332978

towards high income countries and large-scale food production, with
few tailored for low- and middle-income countries and small-scale
food producers (Chandra and Collis, 2021).

Overall, our findings suggest that producers favor ICTs that
facilitate the easy access to (and dissemination of) information for
pricing comparisons, best practices, and health-related information
(Figure 3B). Such functions can be highly valuable to food
producers, as according to Fitzinger et al. (2019) their use can
enhance crop output and improve farm management by sharing
both their successes and challenges with each other (and with
experts). Furthermore, respondents identified ease of use, low
internet data consumption, and affordability (i.e., low cost for ICT
purchase) as the most crucial desired characteristics for food apps
(Figure 3C). This is not surprising considering the very low
economic status of most respondents, with research indicating that
for poor food producers to adopt and consistently use these
applications, the associated costs must be kept at a minimum
(Qiang et al., 2012; Chandra and Collis, 2021). Additionally, the
perceived ease of use and usefulness of technology can significantly
impact willingness to adopt it (Wu, 2022).

The socioeconomic and demographic factors mostly associated
with the adoption, perceptions, and choice of ICTs (Table 2) include
age, education level, and family size (especially number of children).
Older respondents are less likely to own a smartphone, and
be confident in smartphone and internet use, often citing their lower
digital literacy as a key reason for non-adoption (Table 2). Howland
et al. (2015), for example, have suggested that older farmers often
experience a general sense of anxiety towards using modern ICTs
and lack the necessary skills for functions beyond making telephone
calls. Similarly, Hoang (2020) have found that the use of mobile
phones for fruit marketing was inversely related to the age of
farmers. One of the more interesting findings was that the only
characteristic significantly associated with actual app use was the
number of children (Table 2). Studies have alluded that larger
households are more probable to have at least one member that uses
some app (influencing the others) (Maina et al., 2023) or that
younger and more digitally literate family members can indeed
influence older members to adopt ICTs as they can get some initial
help for their operation (Winstone et al., 2021; Vassilakopoulou and
Hustad, 2023). Additionally, Wu (2022) found that the number of
family farm laborers has a significant positive impact on the
willingness to adopt ICT technologies.

Producers with more children, higher levels of education and
those who are married, are more likely to adopt food-related
applications with desired functions to share best practices and
acquire dietary information (Figure 4). Furthermore, the number of
children and the size of the farm were found to significantly
influence the desired use of food apps by producers to cultivating
crops, assisting with logistics and keeping financial records
(Figure 5). This corroborates the findings of Mittal and Mehar
(2016), who found a positive and significant association between the
use of mobile phone-based information among farmers and farm
size. Similarly, Parmar et al. (2018) discovered that landholding size
positively influences farmers’ access to ICT systems, while Min et al.
(2020) suggest that larger farm sizes encourage the use of
smartphones in households. Moreover, Wu (2022) found that family
farms with a larger area of arable land were more luckily to adopt
new technologies compared to smaller sized farms.
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4.2 Comparison with knowledge from
other developing countries

The findings of this study align with other research conducted in
developing regions that have examined the adoption of ICT by small-
scale food producers. For instance, a study conducted by Awuor and
Rambim (2022) on the use of ICT for marketing agricultural produce
among small-scale food producers in Kenya found that most of these
farmers are still using basic mobile feature phones. They suggested
that there is a need for capacity building initiatives to help these
farmers transition to the use of smartphones.

Similarly, research conducted by Ayim et al. (2022) in Ghana
revealed that older farmers are less likely to adopt e-agriculture
platforms. They recommended the development of interfaces that are
more user-friendly for older users. In Nigeria, a study found that the
cost of ICT tools and the lack of a stable electricity supply are the
major constraints that farmers face when it comes to using ICTs (Idu
etal., 2023).

The importance of app characteristics such as affordability, ease of
use, and low data consumption on ICT adoption is also highlighted in
research focusing on agricultural development in Sub-Saharan Africa.
A review by Baumiiller (2018) emphasized that many existing tools
have been designed without considering the abilities, accessibility, and
actual information needs of small-scale food producers. Therefore,
ease of use remains a key criterion for the adoption of these tools. The
International Telecommunication Unit (2022) also found that high
costs are a major constraint for users of ICT services in Africa, calling
for the development of affordable and context-specific ICT solutions.

The findings of this study confirm that collaboration between
multiple stakeholders and sustained support from the government are
crucial for the successful development and adoption of ICT
innovations focused on small-scale food producers. This is supported
by studies from Nonet et al. (2022) examining sustainable agriculture
development in Africa and Asongu et al. (2020) focusing on ICT,
governance, and insurance in Sub-Saharan Africa. These studies
highlight the need for focused policies and public-private partnerships
(PPPs) for inclusive ICT development in the agriculture sector. In
particular, the multi-stakeholder approach aims to ensure that the
benefits of ICT reach all farmers, including small-scale food
producers, and contribute to sustainable agricultural development.

4.3 Effects of the COVID-19 pandemic on
ICT adoption and use

This research was conducted in early 2019, thereby offering
insights into the pre-COVID landscape regarding ICT adoption and
usage among small-scale food production. Thus, the elicited
perspectives and patterns should be viewed with this in mind,
considering that the COVID-19 pandemic had profound effects on
ICT adoption and use (Plekhanov et al., 2022; Kafi et al., 2023). As
outlined in the literature scan below, such effects were also observed
on ICT applications in agriculture globally and within rural small-
scale food production contexts in South Africa.

For example, multiple studies have found that lockdowns and
mobility restrictions compelled food producers to harness digital
solutions to sustain operations, access markets, and minimize supply
chain disruptions (Kansiime et al.,, 2021; Alam et al., 2023). For
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instance, digital tools enabled farmers to pivot to online sales, tap
mobile money platforms, benefit from digitally enabled logistics,
and access agriculture and market information (Mabhaudhi et al.,
2022). In South Africa, there has been some evidence that small-
scale food producers have harnessed ICTs as coping mechanisms,
with rural communities relying extensively on mobile phones and
social media platforms to coordinate planting, access inputs, connect
with traders, and engage government support schemes during
lockdown periods (Sekabira et al., 2023). However, persistent
obstacles like network availability, cost barriers, and sub-optimal
content have continued hampering usage and benefits (Ayim
etal., 2022).

In a sense, the pandemic necessitated an accelerated uptake of
ICTs, serving as an impetus to digital transformation across food
systems (Iricarico, 2021). However, it is not clear whether such
patterns are observed following the pandemic (Singh and
Srivastava, 2023).

4.4 Implications for policy and practice

Overcoming the barriers related to ICT design and access is
crucial for their successful adoption and sustained utilization for
sustainable food systems in developing countries, including
Sub-Saharan Africa, especially food systems anchored on small-scale
food producers. Below we discuss some of the implications of the
findings and make recommendations for the design and promotion
of ICTs.

First, it would be essential that the characteristics and
functionalities of such ICTs cater to the needs, priorities, and
capabilities of such producers, while their development approaches
should follow to some extent a co-design mentality to ensure that
these are reflected in the ICTs. For example, our results strongly
suggest that such ICTs should be multifunctional and pro-poor, taking
into account literacy levels (simple interface, ease of use), broadband
consumption (low data needs, offline capabilities), user age and
household tech
intergenerational relevance and benefits), and farmer priorities (access

structure (convenient access to support,
to pricing information, information on best practices, sharing of
health-related information, and affordability). Considering that
producers with children tend to exhibit a greater willingness to adopt
ICTs, ICTs for small-scale food producers should be designed in a way
that allows their usage and benefits across different generations within
the households. Given that the average age of South African farmers
is over 60 years old (Born et al., 2021), and older farmers are generally
hesitant to adopt unfamiliar technologies, while younger farmers are
more receptive to ICTs (Mdoda and Mdiya, 2022), younger family
members could play a crucial role in supporting the adoption of ICTs
for farming activities. However, this support is contingent upon these
tools being perceived as beneficial for their households and
communities. This could potentially foster intergenerational learning
and possibly stimulate the entry of more young black entrepreneurs
into the South African agricultural sector.

Second, our research implies that organic farming can offer a
promising niche for ICT tools. On the one hand, most respondents
have adopted organic production practices and have sold their
produce at farmers markets. On the other hand, organic products can

offer higher incomes to small-scale food producers for certain market
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segments compared to those engaged in conventional agriculture
(Qiao et al,, 2018; Benedek et al., 2021), having positive implications
for food security (Ume, 2023). In this sense, fit-for-purpose ICT tools
that can help farmers properly implement agroecological crop
production practices, find related markets, facilitate cooperative
operation, and strengthen bargaining power could play a pivotal role
in achieving this objective (Gamage et al., 2023).

Third, significant efforts should be directed towards two key areas:
(a) optimizing the development, maintenance, and promotion of ICT
tools, and (b) addressing broader systemic barriers, such as economic
and digital divides. Regarding the development of ICT tools, it is
crucial to recognize that this process is time-consuming, expensive,
and requires advanced programming skills as well as substantial long-
term investments. As for the systemic barriers, it is essential to
acknowledge that ICTs has the potential to perpetuate or even
exacerbate existing power imbalances between resource-constrained
small-scale food producers and well-established large-scale
commercial food producers. Achieving inclusive development and
widespread use of technology that empowers small-scale food
producers would likely require targeted public policy and investment
(Woodhill et al., 2020). To accomplish these multi-faceted objectives,
it is essential to develop multi-sectoral collaboration involving
stakeholders from various sectors including telecommunications,
banking, health, and agriculture, as well as non-governmental
organizations, academics, and government departments working in
the domains of food security, sustainable development, and ICTs. For
example, reducing the costs of internet data for small-scale food
producers or providing financial support for the adoption and use of
livelihood-related ICTs to facilitate broader adoption and sustained
use of such tools would require the coordinated efforts of
multiple stakeholders.

4.5 Study limitations and future research

The overall study has three primary limitations related to:
(a) possible biases arising from the use of snowball sampling, (b) the
limited size of the study sample and the focus on only the two largest
metropolitan areas in the country, and (c) the data collection taking
place prior to the COVID-19 pandemic. Given these limitations, the
findings of the study should be generalized with caution.

Regarding (a), due to the practical constraints outlined in Section
2.2 (i.e., lack of comprehensive farmer lists, safety concerns, reluctance
of local communities to engage with outsiders), we adopted a snowball
sampling approach. While this sampling method offers certain
advantages in study contexts such as ours, it has also been associated
to potential biases (Biernacki and Waldorf, 1981; Illenberger et al.,
2008; Kirchherr and Charles, 2018; Parker et al., 2019). For example,
although the local guides/translators were invaluable in building trust
and facilitating community entry, they might have introduced
sampling biases by selecting respondents with specific characteristics,
viewpoints, or locations, or interpretation biases stemming from their
crucial role as cultural brokers in the community. To minimize such
biases to the extent possible we employed the following strategies:
(i) ensuring that diverse areas were covered in each city/community,
(ii) explaining to lead farmers that we aimed to achieve a representative
cross-section of the small-scale food producers in each study area, and
(iii) obtaining a comprehensive understanding of the underlying
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phenomena related to ICT adoption by small-scale producers, and the
characteristics of urban agriculture in the study cities through
extensive literature reviews and expert interviews (Alfonsi, 2024;
Alfonsi et al., 2024).

Regarding (b), despite the robust findings reported here, it is
essential to acknowledge various methodological decisions that
readers should consider when generalizing the results. First, the
relatively small sample size (n=85) and focus on the two major
South African cities might limit generalization across geographic areas
and demographic segments. Future research should address these gaps
by providing insights into the realities experienced in secondary cities
or rural regions of South Africa, and other parts of Sub-Saharan
Africa. Second, while the statistical tools employed in this study (i.e.,
descriptive statistics, association analysis, RDA) can help establish
relationships between ICT preferences/use and sociodemographic
characteristics, they do not imply causality. Future research should
aim to expand the current knowledge by using more appropriate tools
for causal inference, such as randomized control trials, propensity
score matching, or structural equation modelling. Third, the techno-
centric approach rooted in empirical social sciences adopted here can
elicit some of the factors affecting ICT user preferences, adoption, and
use patterns. However, this approach risks overlooking deeper socio-
cultural and political-economic forces shaping technology adoption.
Further studies should adopt more interdisciplinary framings capable
of capturing systemic barriers related to resource access and
power relations.

Regarding (¢), it is important to acknowledge that our findings
reflect the pre-COVID19 pandemic situation. As such, this study
should be considered a baseline that mapped pre-pandemic ICT
adoption/use patterns and barriers among small-scale food producers
engaged in urban agriculture. By identifying these pre-existing
patterns and barriers, our findings can inform targeted interventions
tailored to the needs of small-scale food producers as the technology
landscape continues to evolve. While the accelerating technology
integration driven by COVID-19 necessitates updated research, this
pre-pandemic baseline study remains valuable for pinpointing
systemic gaps and intervention needs. Further research tracking post-
2020 shifts in ICT adoption, use and perspectives would enable a more
comprehensive understanding of the catalysts, persistent barriers, and
support required at the intersection of ICT and small-scale
food systems.

5 Conclusion

This study investigates the perceptions of small-scale food
producers engaged in urban agriculture in various low-income areas
of Johannesburg and Cape Town about the adoption and desirable
characteristics of food-related ICTs, as well as the factors influencing
user perspectives. Through 85 surveys with producers, we identify:
(a) the patterns and reasons for adopting or not adopting ICTs, (b) the
desirable functions and characteristics of ICTs prioritized by
producers, and (c) the production activities for which ICTs are
most needed.

Our findings reveal clear preferences for multi-functional, user-
friendly, and affordable ICT tools that facilitate price comparisons,
best practice sharing, and access to health tips. User age, education,
income, and family size are significant factors influencing technology
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perspectives and use. By highlighting key limitations related to ICT
suitability, cost, and digital literacy while emphasizing farmer
priorities and capabilities, this research contributes to the emerging
literature on ICTs for small-scale food producers in urban contexts of
South Africa, and Sub-Saharan Africa more broadly.

Such user-centered insights can inform the development of
customized ICT tools and interventions, that effectively empower
small-scale food producers engaged in urban agriculture across
rapidly growing cities in the region. Specifically, our findings suggest
that pro-poor mobile applications offering value-adding informational,
networking, and selling functionalities in local languages can meet
many of the needs of urban small-scale food producers. However,
deliberate design adaptations and policy support are essential to
overcome prevailing systemic barriers related to affordability, skills
development, and social inclusion.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The requirement of ethical approval was waived by the Ethics
Review Committee of the University of Tokyo for the studies
involving humans because this research does not require ethical
review in accordance with the governmental research ethics
guideline in Japan, “Ethical Guidelines for Life Science and Medical
Research Involving Human Subjects” and “The University Research
Ethics Regulation.” The studies were conducted in accordance with
the local legislation and institutional requirements. Written
informed consent for participation was not required from the
participants or the participants’ legal guardians/next of kin because
verbal consent was obtained from all participants prior to the
commencement of the survey. Written informed consent was not
obtained from the individuals for the publication of any potentially
identifiable images or data included in this article because verbal
consent was obtained from all participants prior to the
commencement of the survey.

References

Abrahams, C., Everatt, D., Van Den Heever, A., Mushongera, D., Nwosu, C., Pilay, P,
et al. (2018). South Africa: National urban policies and city profiles for Johannesburg
and Cape Town, GCRF Centre for Sustainable, Healthy and Learning Cities and
Neighbourhoods (SHLC).

Aguera, P, Berglund, N., Chinembiri, T., Comninos, A., Gillwald, A., and Govan
Vassen, N. (2020). Paving the way towards digitalising agriculture in South Africa,
Cape Town: Research ICT Africa. 1-42.

Agyekumhene, C., de Vries, J. R., van Paassen, A., Macnaghten, P., Schut, M., and
Bregt, A. (2018). Digital platforms for smallholder credit access: the mediation of trust
for cooperation in maize value chain financing. NJAS Wageningen J. Life Sci. 86-87,
77-88. doi: 10.1016/j.njas.2018.06.001

Ahmed, A., Lazo, D. P. L., Alatinga, K. A., and Gasparatos, A. (2022). From Ampesie
to French fries: systematising the characteristics, drivers and impacts of diet change in
rapidly urbanising Accra. Sustain. Sci., 1-25. doi: 10.1007/s11625-022-01195-y

Aker, J. C., Ghosh, L, and Burrell, J. (2016). The promise (and pitfalls) of ICT for
agriculture initiatives. Agric. Econ. 47, 35-48. doi: 10.1111/agec.12301

Frontiers in Sustainable Food Systems

14

10.3389/fsufs.2024.1332978

Author contributions

RMA: Conceptualization,
Methodology, Software, Writing — original draft. MN: Writing -

Formal analysis, Investigation,

review & editing. AG: Writing - review & editing.

Funding

The authors declare financial support was received for the
research, authorship, and/or publication of this article. RMA
acknowledges funding from a University of Tokyo Fellowship. AG
acknowledges the support of the Japan Society for the Promotion of
Science (JSPS) for a Grant-In-Aid of Young Scientists (A) (17H05037).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

The author(s) declared that they were an editorial board member
of Frontiers, at the time of submission. This had no impact on the peer
review process and the final decision.

Publisher's note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any
product that may be evaluated in this article, or claim that may
be made by its manufacturer, is not guaranteed or endorsed by the
publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fsufs.2024.1332978/

full#supplementary-material

Akinnuwesi, B. A., Uzoka, E M., Olabiyisi, S. O., Omidiora, E. O., and Fiddji, P. (2013).
An empirical analysis of end-user participation in software development projects in a
developing country context. Electron. J. Inf. Syst. Dev. Countries 58, 1-25. doi: 10.1002/
j.1681-4835.2013.tb00413.x

Alam, G. M., Khatun, M. N., Sarker, M. N. L, Joshi, N. P,, and Bhandari, H. (2023).
Promoting agri-food systems resilience through ICT in developing countries amid
COVID-19. Front. Sustainable Food Syst. 6:972667. doi: 10.3389/fsufs.2022.972667

Aleke, B., Ojiako, U., and Wainwright, D. W. (2011). ICT adoption in developing
countries: perspectives from small-scale agribusinesses. J. Enterp. Inf. Manag. 24, 68-84.
doi: 10.1108/17410391111097438

Alfonsi, R. M. (2024). “Development of an information and communication
technology (ICT) framework for local food systems in South Africa,” in The Graduate
Program in Sustainability Science - Global Leadership Initiative (GPSS-GLI). Kashiwa,
Japan: The University of Tokyo.

Alfonsi, R. M., Naidoo, M., and Gasparatos, A. (2024). “Stakeholder perspectives for
information and communication technologies (ICTs) for sustainable food systems in

frontiersin.org


https://doi.org/10.3389/fsufs.2024.1332978
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fsufs.2024.1332978/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fsufs.2024.1332978/full#supplementary-material
https://doi.org/10.1016/j.njas.2018.06.001
https://doi.org/10.1007/s11625-022-01195-y
https://doi.org/10.1111/agec.12301
https://doi.org/10.1002/j.1681-4835.2013.tb00413.x
https://doi.org/10.1002/j.1681-4835.2013.tb00413.x
https://doi.org/10.3389/fsufs.2022.972667
https://doi.org/10.1108/17410391111097438

Alfonsi et al.

South Africa: challenges, opportunities, and a proposed ICT framework” in
Environment, development and sustainability. Amsterdam: Springer Nature.

Antenucci, I, and Tomasello, F. (2022). Three shades of ‘urban-digital citizenship’:
borders, speculation, and logistics in Cape Town. Citizsh. Stud. 27, 247-270. doi:
10.1080/13621025.2022.2073088

Antle, J. M, Jones, J. W, and Rosenzweig, C. E. (2017). Next generation agricultural
system data, models and knowledge products: introduction. Agric. Syst. 155, 186-190.
doi: 10.1016/j.agsy.2016.09.003

Anwar, M. A. (2019). “Connecting South Africa: ICTs, uneven development and
poverty debates” in The geography of South Africa (eds.) J. Knight and C. M. Rogerson,
(Cham: Springer), 261-267.

Asongu, S., Nnanna, J., and Acha-Anyi, P. (2020). Information technology, governance
and insurance in sub-Saharan Africa. Soc. Responsib. J. 16, 1253-1273. doi: 10.1108/
SRJ-05-2019-0167

Atlink, H., and Hart, T. (2023). Feeding the community: urban farming in
Johannesburg. HSRC Rev. 20, 24-27.

Awuor, F. M., and Rambim, D. A. (2022). Adoption of ICT-in-agriculture innovations
by smallholder farmers in Kenya. Wuhan: Scientific Research Publishing.

Ayim, C., Kassahun, A., Addison, C., and Tekinerdogan, B. (2022). Adoption of ICT
innovations in the agriculture sector in Africa: a review of the literature. Agric. Food
Secur. 11, 1-16. doi: 10.1186/s40066-022-00364-7

Badami, M. G., and Ramankutty, N. (2015). Urban agriculture and food security: A
critique based on an assessment of urban land constraints. Glob. Food Sec. 4, 8-15. doi:
10.1016/j.gfs.2014.10.003

Bakker, J. D., Parsons, C., and Rauch, F. (2020). Migration and urbanization in post-
apartheid South Africa. World Bank Econ. Rev. 34, 509-532. doi: 10.1093/wber/lhy030

Barau, A. A., and Oladeji, D. O. (2017). Participation of urban women in agricultural
production activities in the Sokoto Metropolis, Nigeria. J. Nat. Resour. Dev. 7, 84-90.
doi: 10.5027/jnrd.v7i0.10

Barker, M. E., Hardy-Johnson, P., Weller, S., Haileamalak, A., Jarju, L., Jesson, J., et al.
(2021). How do we improve adolescent diet and physical activity in India and sub-Saharan
Africa? Findings from the transforming adolescent lives through nutrition (TALENT)
consortium. Public Health Nutr. 24, 5309-5317. doi: 10.1017/S1368980020002244

Battersby, J. (2011). Urban food insecurity in Cape Town, South Africa: an alternative
approach  to  food access. Dev. South. Afr. 28, 545-561. doi:
10.1080/0376835X.2011.605572

Battersby, J. (2017). Food system transformation in the absence of food system
planning: the case of supermarket and shopping mall retail expansion in Cape Town,
South Africa. Built Environ. 43, 417-430. doi: 10.2148/benv.43.3.417

Battersby, J., and Marshak, M. (2016). Mapping the invisible: The informal food
economy of Cape Town, South Africa. Oxford: African Books Collective.

Baumiiller, H. (2018). The little we know: an exploratory literature review on the
utility of mobile phone-enabled services for smallholder farmers. J. Int. Dev. 30,
134-154. doi: 10.1002/jid.3314

Bbun, T. M., and Thornton, A. (2013). A level playing field? Improving market
availability and access for small scale producers in Johannesburg, South Africa. Appl.
Geogr. 36, 40-48. doi: 10.1016/j.apgeog.2012.04.004

Benedek, Z., Fert6, 1., Galamba Marreiros, C., Aguiar, P. M. D., Pocol, C. B.,
Cechura, L., et al. (2021). Farm diversification as a potential success factor for small-
scale farmers constrained by COVID-related lockdown. Contributions from a survey
conducted in four European countries during the first wave of COVID-19. PloS One
16:€0251715. doi: 10.1371/journal.pone.0251715

Berti, G., and Mulligan, C. (2016). Competitiveness of small farms and innovative
food supply chains: the role of food hubs in creating sustainable regional and local food
systems. Sustain. For. 8:616. doi: 10.3390/su8070616

Bertolini, R. (2005). Making information and communication technologies work for food
security in Africa, No. 566-2016-38945, pp. 1-6.

Biernacki, P.,, and Waldorf, D. (1981). Snowball sampling: problems and techniques of
chain referral sampling. Sociol. Methods Res. 10, 141-163. doi: 10.1177/
004912418101000205

Bisaga, I., Parikh, P, and Loggia, C. (2019). Challenges and opportunities for
sustainable urban farming in South African low-income settlements: a case study in
Durban. Sustain. For. 11:5660. doi: 10.3390/sul1205660

Bizikova, L., Nkonya, E., Minah, M., Hanisch, M., Turaga, R. M. R,, Speranza, C. L.,
et al. (2020). A scoping review of the contributions of farmers’ organizations to
smallholder agriculture. Nature Food 1, 620-630. doi: 10.1038/543016-020-00164-x

Bonevski, B., Randell, M., Paul, C., Chapman, K., Twyman, L., Bryant, J., et al. (2014).
Reaching the hard-to-reach: a systematic review of strategies for improving health and
medical research with socially disadvantaged groups. BMC Med. Res. Methodol. 14,
1-29. doi: 10.1186/1471-2288-14-42

Born, L., Chirinda, N., Mabaya, E., Afun-Ogidan, O., Girvetz, E., Jarvis, A., et al.
(2021). Digital agriculture profile: South Africa. Rome, Italy: FAO.

Brown, B., Nuberg, I, and Llewellyn, R. (2020). From interest to implementation:
exploring farmer progression of conservation agriculture in eastern and southern Africa.
Environ. Dev. Sustain. 22, 3159-3177. doi: 10.1007/s10668-019-00340-5

Frontiers in Sustainable Food Systems

15

10.3389/fsufs.2024.1332978

Chagomoka, T., Drescher, A., Glaser, R., Marschner, B., Schlesinger, J., and
Nyandoro, G. (2017). Contribution of urban and periurban agriculture to household
food and nutrition security along the urban-rural continuum in Ouagadougou,
Burkina Faso. Renew. Agric. Food Syst. 32, 5-20. doi: 10.1017/S1742170515000484

Chandra, R, and Collis, S. (2021). Digital agriculture for small-scale producers:
challenges and opportunities. Commun. ACM 64, 75-84. doi: 10.1145/3454008

Chipidza, W.,, and Leidner, D. (2019). A review of the ICT-enabled development
literature: Towards a power parity theory of ICT4D. The Journal of Strategic Information
Systems. 28, 145-174. doi: 10.1016/j.jsi5.2019.01.002

Chizema, T. R., and van Greunen, D. (2023) Is there value in using ICTs to manage
and monitor climate change: perspectives of small-scale farmers in Chitungwiza,
Zimbabwe. In 2023 IST-Africa conference (IST-Africa) (pp. 1-9). IEEE.

Cilliers, E. J., Lategan, L., Cilliers, S. S., and Stander, K. (2020). Reflecting on the
potential and limitations of urban agriculture as an urban greening tool in South Africa.
Front. Sustain. Cities 2:43. doi: 10.3389/frsc.2020.00043

Corporate Finance Institute (2022). Regression analysis. The estimation of
relationships between a dependent variable and one or more independent variables.
Available at https://corporatefinanceinstitute.com/resources/data-science/regression
analysis/ (Accessed February 13, 2022).

Costopoulou, C., Ntaliani, M., and Karetsos, S. (2016). Studying mobile apps for
agriculture. IOSR J. Mob. Comput. Appl 3, 44-49. doi: 10.9790/0050-03064449

Coulibaly, O., Nouhoheflin, T,, Aitchedji, C. C., Cherry, A. ., and Adegbola, P. (2011).
Consumers' perceptions and willingness to pay for organically grown vegetables. Int. J.
Veg. Sci. 17, 349-362. doi: 10.1080/19315260.2011.563276

Courtois, P, and Subervie, J. (2015). Farmer bargaining power and market information
services. American Journal of Agricultural Economics, 97, 953-977. doi: 10.1093/ajae/
aau051

Crush, J. S., and Frayne, G. B. (2011). Urban food insecurity and the new international
food security agenda. Dev. South. Afr. 28, 527-544. doi: 10.1080/0376835X.2011.605571

D’Alessandro, C., Hanson, K. T., and Kararach, G. (2018). Peri-urban agriculture in
southern Africa: miracle or mirage? Afr. Geogr. Rev. 37, 49-68. doi:
10.1080/19376812.2016.1229629

Davies, J., Hannah, C., Guido, Z., Zimmer, A., McCann, L., Battersby, ., et al. (2021).
Barriers to urban agriculture in sub-Saharan Africa. Food Policy 103:101999. doi:
10.1016/j.foodpol.2020.101999

Deichmann, U, Goyal, A., and Mishra, D. (2016). Will digital technologies transform
agriculture in developing countries? Agric. Econ. 47, 21-33. doi: 10.1111/agec.12300

Department of Science and Technology. (2013) ICT RDI Roadmap. Towards Digital
Advantage: Roadmapping South Africa’s ICT RDI Future. Available at: https://www.dst.
gov.za/images/ict_rdi_roadmap.pdf.(Accessed August 1, 2022).

Djurfeldt, A. A. (2015). Urbanization and linkages to smallholder farming in sub-
Saharan Africa: implications for food security. Glob. Food Sec. 4, 1-7. doi: 10.1016/j.
fs.2014.08.002

Doherty, E, Tayse, R., Kaiser, M., and Rao, S. (2023). “The farm has an insatiable
appetite”: A food justice approach to understanding beginning farmer stress. J. Agric.
Food Sys. Community Dev. 12, 1-24. doi: 10.5304/jafscd.2023.123.011

Eitzinger, A., Cock, J., Atzmanstorfer, K., Binder, C. R., Laderach, P, Bonilla-Findji, O.,
et al. (2019). Geo farmer: A monitoring and feedback system for agricultural
development projects. Comput. Electron. Agric. 158, 109-121. doi: 10.1016/j.
compag.2019.01.049

Fafchamps, M., and Minten, B. (2012). Impact of SMS-based agricultural information
on Indian farmers. World Bank Econ. Rev. 26, 383-414. doi: 10.1093/wber/lhr056

FAO (2018a) Proposed international definition of small-scale food producers for
monitoring the sustainable development goal indicators 2.3.1 and 2.3.2. Agricultural and
rural statistics, Office of the Chief Statistician and the statistics division. FAO, Rome, Italy.
Available at: https://unstats.un.org/unsd/statcom/49th-session/documents/BG-Item3j-
small-scale-food-producers-definition-FAO-E.pdf. (Accessed September 27, 2022).

FAO (2018b) Seven factors to empowering rural women through ICTs. Using
technology to transform lives. Available at https://www.fao.org/fao-stories/article/
en/c/1105823/ (Accessed September 8, 2022).

FAO (2018c) Leveraging ICT innovations to support farmers and farmers’
organisations. Available at: https://www.fao.org/e-agriculture/news/leveraging-ict-
innovations-support-farmers-and-farmers’-organisations (Accessed February 10, 2024).

Fawole, O. P, and Olajide, B. R. (2012). Awareness and use of information
communication technologies by farmers in Oyo state, Nigeria. J. Agri. Food Inf. 13,
326-337. doi: 10.1080/10496505.2012.717003

Fombad, M. (2018). Knowledge management for poverty eradication: a South African
perspective. Journal of information communication and ethics in society, 16, 193-213. doi:
10.1108/JICES-04-2017-0022

Gamage, A., Gangahagedara, R., Gamage, J., Jayasinghe, N., Kodikara, N.,
Suraweera, P, et al. (2023). Role of organic farming for achieving sustainability in
agriculture. Farming Syst. 1:100005. doi: 10.1016/j.farsys.2023.100005

Gassner, A., Harris, D., Mausch, K., Terheggen, A., Lopes, C., Finlayson, R. E, et al.
(2019). Poverty eradication and food security through agriculture in Africa: rethinking
objectives and entry points. Outlook Agric. 48, 309-315. doi: 10.1177/0030727019888513

frontiersin.org


https://doi.org/10.3389/fsufs.2024.1332978
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://doi.org/10.1080/13621025.2022.2073088
https://doi.org/10.1016/j.agsy.2016.09.003
https://doi.org/10.1108/SRJ-05-2019-0167
https://doi.org/10.1108/SRJ-05-2019-0167
https://doi.org/10.1186/s40066-022-00364-7
https://doi.org/10.1016/j.gfs.2014.10.003
https://doi.org/10.1093/wber/lhy030
https://doi.org/10.5027/jnrd.v7i0.10
https://doi.org/10.1017/S1368980020002244
https://doi.org/10.1080/0376835X.2011.605572
https://doi.org/10.2148/benv.43.3.417
https://doi.org/10.1002/jid.3314
https://doi.org/10.1016/j.apgeog.2012.04.004
https://doi.org/10.1371/journal.pone.0251715
https://doi.org/10.3390/su8070616
https://doi.org/10.1177/004912418101000205
https://doi.org/10.1177/004912418101000205
https://doi.org/10.3390/su11205660
https://doi.org/10.1038/s43016-020-00164-x
https://doi.org/10.1186/1471-2288-14-42
https://doi.org/10.1007/s10668-019-00340-5
https://doi.org/10.1017/S1742170515000484
https://doi.org/10.1145/3454008
https://doi.org/10.1016/j.jsis.2019.01.002
https://doi.org/10.3389/frsc.2020.00043
https://corporate
http://financeinstitute.com/resources/data-science/regression-analysis
http://financeinstitute.com/resources/data-science/regression-analysis
https://doi.org/10.9790/0050-03064449
https://doi.org/10.1080/19315260.2011.563276
https://doi.org/10.1093/ajae/aau051
https://doi.org/10.1093/ajae/aau051
https://doi.org/10.1080/0376835X.2011.605571
https://doi.org/10.1080/19376812.2016.1229629
https://doi.org/10.1016/j.foodpol.2020.101999
https://doi.org/10.1111/agec.12300
https://www.dst.gov.za/images/ict_rdi_roadmap.pdf
https://www.dst.gov.za/images/ict_rdi_roadmap.pdf
https://doi.org/10.1016/j.gfs.2014.08.002
https://doi.org/10.1016/j.gfs.2014.08.002
https://doi.org/10.5304/jafscd.2023.123.011
https://doi.org/10.1016/j.compag.2019.01.049
https://doi.org/10.1016/j.compag.2019.01.049
https://doi.org/10.1093/wber/lhr056
https://unstats.un.org/unsd/statcom/49th-session/documents/BG-Item3j-small-scale-food-producers-definition-FAO-E.pdf
https://unstats.un.org/unsd/statcom/49th-session/documents/BG-Item3j-small-scale-food-producers-definition-FAO-E.pdf
https://www.fao.org/fao-stories/article/en/c/1105823/
https://www.fao.org/fao-stories/article/en/c/1105823/
https://www.fao.org/e-agriculture/news/leveraging-ict-innovations-support-farmers-and-farmers'-organisations
https://www.fao.org/e-agriculture/news/leveraging-ict-innovations-support-farmers-and-farmers'-organisations
https://doi.org/10.1080/10496505.2012.717003
https://doi.org/10.1108/JICES-04-2017-0022
https://doi.org/10.1016/j.farsys.2023.100005
https://doi.org/10.1177/0030727019888513

Alfonsi et al.

Gebeyehu, D. T, East, L., Wark, S., and Islam, M. S. (2022). Impact of COVID-19 on
the food security and identifying the compromised food security dimension: A
systematic review protocol. PLoS One 17:€0272859. doi: 10.1371/journal.pone.0272859

Giller, K. E., Delaune, T., Silva, J. V., van Wijk, M., Hammond, J., Descheemaeker, K., et al.
(2021). Small farms and development in sub-Saharan Africa: farming for food, for income or
for lack of better options? Food Secur. 13, 1431-1454. doi: 10.1007/s12571-021-01209-0

Gillwald, A., Mothobi, O., and Rademan, B. (2018). The state of ICT in
South Africa. Policy Paper No. 5, Series 5, International Development Research
Centre.

Githira, D., Wakibi, S., Njuguna, I. K., Rae, G., Wandera, S., and Ndirangu, J. (2020).
Analysis of multiple deprivations in secondary cities in sub-Saharan Africa: Analysis
report. Marylebone: UN-Habitat and UNICEE.

Gollin, D. (2014). Smallholder agriculture in Africa. An overview and implications
for policy. IIED Work Pap IIED, London.

Gray, D. E. (2014). Doing research in the real world. London: Sage Publications Ltd.

Grebitus, C. (2021). Small-scale urban agriculture: drivers of growing produce at
home and in community gardens in Detroit. PLoS One 16:¢0256913. doi: 10.1371/
journal.pone.0256913

Hackfort, S. (2021). Patterns of inequalities in digital agriculture: a systematic
literature review. Sustain. For. 13:12345. doi: 10.3390/su132212345

Harris, C. G., and Achora, J. C. (2018). Designing ICT for agriculture (ICT4A)
innovations for smallholder farmers: the case of Uganda. In Proceedings of the XIX
International Conference on Human Computer Interaction (pp. 1-9).

Harrisberg, K., and Mensah, K. (2022) As young Africans push to be online, data cost
stands in the way. Available at: https://bdnews24.com/world/africa/as-young-africans-
push-to-be-online-data-cost-stands-in-the-way (Accessed August 11, 2022).

Hlophe-Ginindza, S. N., and Mpandeli, N. S. (2021). “The role of small-scale farmers
in ensuring food security in Africa” in Food security in Africa. ed. B. Mahmoud, London:
IntechOpen.

Hoang, H. G. (2020). Determinants of the adoption of mobile phones for fruit
marketing by Vietnamese farmers. World Dev. Perspect. 17:100178. doi: 10.1016/j.
wdp.2020.100178

Howland, E. C., Muioz, L. A,, Staiger, S., Cock, J., and Alvarez, S. (2015). Data sharing
and use of ICTs in agriculture: working with small farmer groups in Colombia. Knowl.
Manag. Dev. ]. 11, 44-63.

Hunter-Adams, J., Battersby, J., and Oni, T. (2019). Food insecurity in relation to
obesity in peri-urban Cape Town, South Africa: implications for diet-related non-
communicable disease. Appetite 137, 244-249. doi: 10.1016/j.appet.2019.03.012

Idu, E. E,, Ola, I. A,, Sennuga, S. O., Bamidele, J., Alabuja, E. O., Osho-Lagunju, B.,
etal. (2023). Evaluation of factors influencing the use of information and communication
technologies (ICTS) among smallholder Rice farmers in Kuje Area Council of FCT,
Abuja. Int. J. Res. Innov. Soc. Sci VII, 1025-1036. doi: 10.47772/IJRISS.2023.7685

Illenberger, J., Flotteréd, G., and Nagel, K. (2008). An approach to correct biases
induced by snowball sampling. Retrieved January, 26 (2010), pp. 08-16.

International Telecommunication Unit. (2017). Measuring the information society
Report, volume 1. Available at: https://www.itw.int/en/ITU-D/Statistics/Documents/
publications/misr2017/MISR2017_Volumel.pdf (Accessed November 1, 2023).

International Telecommunication Unit. (2022). The affordability of ICT services 2021.
Policy brief. Available at: https://www.itwint/en/ITU-D/Statistics/Documents/
publications/prices2021/ITU_A4AI Price_Brief _2021.pdf (Accessed February 5, 2024).

International Trade Administration (2021). South Africa - Country commercial
guide. Agriculture Sector. US Department of Commerce. Available at: https://www.
trade.gov/country-commercial-guides/south-africa-agricultural-sector ~ (Accessed
August 8, 2022).

Kafi, A., Zainuddin, N, Saifudin, A. M., Shahron, S. A, Razalli, M. R., Musa, S., et al.
(2023). Meta-analysis of food supply chain: pre, during and post COVID-19 pandemic.
Agric. Food Secur. 12:27. doi: 10.1186/s40066-023-00425-5

Kammerer, K., Falk, K., Herzog, A., and Fuchs, J. (2019). How to reach ‘hard-to-reach’
older people for research: The TIBaR model of recruitment. Survey Methods: Insights from
the Field. Lausanne: FORS (Swiss Centre of Expertise in the Social Sciences).

Kanosvambhira, T. P. (2019). The organisation of urban agriculture in Cape Town,
South Africa: A social capital perspective. Dev. South. Afr. Pretoria: Government
Technical ~Advisory Centre (GTAC). 36, 283-294. doi: 10.1080/
0376835X.2018.1456910

Kanosvamhira, T. P. (2023). “Urban agriculture and the sustainability Nexus in
South Africa: past, current, and future trends” in Urban Forum (Dordrecht: Springer
Netherlands), 1-18. doi: 10.1007/s12132-023-09480-4

Kansiime, M. K., Tambo, J. A., Mugambi, I., Bundi, M., Kara, A., and Owuor, C.
(2021). COVID-19 implications on household income and food security in Kenya and
Uganda: findings from a rapid assessment. World Dev. 137:105199. doi: 10.1016/j.
worlddev.2020.105199

Khalil, C. A., Conforti, P, Ergin, I, and Gennari, P. (2017) Defining smallholders to
monitor target 2.3. Of the 2030 agenda for sustainable development. FAO statistics
division. Rome, Italy. Available at: https://www.fao.org/publications/card/en/c/e7f3e6f
7-59ee-42¢e7-9cce-36¢18af2daca/ (Accessed September 27, 2022).

Frontiers in Sustainable Food Systems

16

10.3389/fsufs.2024.1332978

Kini, J., Pouw, N., and Gupta, J. (2020). Organic vegetables demand in urban area
using a count outcome model: case study of Burkina Faso. Agric. Food Econ. 8, 1-16. doi:
10.1186/s40100-020-00166-0

Kirchherr, J., and Charles, K. (2018). Enhancing the sample diversity of snowball
samples: recommendations from a research project on anti-dam movements in
Southeast Asia. PLoS One 13:¢0201710. doi: 10.1371/journal.pone.0201710

Klerkx, L., Jakku, E., and Labarthe, P. (2019). A review of social science on digital
agriculture, smart farming and agriculture 4.0: new contributions and a future research
agenda. NJAS Wageningen J. Life Sci. 90-91:100315, 1-16. doi: 10.1016/j.
njas.2019.100315

Klerkx, L., and Rose, D. (2020). Dealing with the game-changing technologies of
agriculture 4.0: how do we manage diversity and responsibility in food system transition
pathways? Glob. Food Sec. 24:100347. doi: 10.1016/j.gfs.2019.100347

Koukou, M., and Dekkers, R. (2024). “Exploring conditions for successful end-user
involvement in new product development” in European perspectives on innovation
management (eds.) R. Dekkers and L. Morel, (Cham: Springer International Publishing),
197-221.

Krone, M., and Dannenberg, P. (2018). Analysing the effects of information and
communication technologies (ICTs) on the integration of East African farmers in a value
chain context. Z. Wirtschaftsgeogr. 62, 65-81. doi: 10.1515/zfw-2017-0029

Lajoie-O’Malley, A., Bronson, K., van der Burg, S., and Klerkx, L. (2020). The future(s)
of digital agriculture and sustainable food systems: an analysis of high-level policy
documents. Ecosyst. Serv. 45:101183. doi: 10.1016/j.ecoser.2020.101183

Landmann, D. H. (2018). Capacity development of small-scale farmers in developing
countries: Analysis of preferences and the role of information and communication
technologies (Doctoral dissertation, Niedersichsische Staats-und
Universititsbibliothek Gottingen).

Lembani, R., Gunter, A., Breines, M., and Dalu, M. T. B. (2020). The same course,
different access: the digital divide between urban and rural distance education students
in South Africa. J. Geogr. High. Educ. 44, 70-84. doi: 10.1080/03098265.2019.1694876

Leng, C., Ma, W,, Tang, J., and Zhu, Z. (2020). ICT adoption and income diversification
among rural households in China. Appl. Econ. 52, 3614-3628. doi:
10.1080/00036846.2020.1715338

Lowder, S. K., Sdnchez, M. V,, and Bertini, R. (2021). Which farms feed the world and
has farmland become more concentrated? World Dev. 142:105455. doi: 10.1016/j.
worlddev.2021.105455

Mabhaudhi, T., Senzanje, A., Modi, A. T, Jewitt, G., and Massawe, F. (2022).
Water-energy-food nexus narratives and resource securities: A global south perspective.
Amsterdam: Elsevier.

Maina, E, Mburuy, J., and Nyang'anga, H. (2023). Access to and utilization of local
digital marketing platforms in potato marketing in Kenya. Heliyon 9:¢19320. doi:
10.1016/j.heliyon.2023.e19320

Makate, C. (2019). Effective scaling of climate smart agriculture innovations in
African smallholder agriculture: A review of approaches, policy and institutional
strategy needs. Environ. Sci. Pol. 96, 37-51. doi: 10.1016/j.envsci.2019.01.014

Malanga, D., and Simwaka, K. (2021). “ICTs as potential enablers of the green
economy in the southern African development community” in Technology, the
environment and sustainable development: responses from the global south. Global
Information Society Watch 2020. ed. A. Finlay, Johannesburg: Association for Progressive
Communications (APC). 57-63.

Mdoda, L., and Mdiya, L. (2022). Factors affecting the using information and
communication technologies (ICTs) by livestock farmers in the Eastern Cape Province.
Cogent Soc. Sci. 8:2026017. doi: 10.1080/23311886.2022.2026017

Min, S., Liu, M., and Huang, J. (2020). Does the application of ICTs
facilitate rural economic transformation in China? Empirical evidence from the use of
smartphones among farmers. J. Asian Econ. 70:101219. doi: 10.1016/j.asieco.2020.
101219

Mittal, S., and Mehar, M. (2016). Socio-economic factors affecting adoption of
modern information and communication technology by farmers in India: analysis using
multivariate probit model. J. Agric. Educ. Ext. 22, 199-212. doi: 10.1080/
1389224X.2014.997255

Mizik, T. (2021). Climate-smart agriculture on small-scale farms: A systematic
literature review. Agronomy 11:1096. doi: 10.3390/agronomy11061096

Mougeot, L. (2015). “Urban agriculture in cities of the global south: four logics
of integration” in Food and the city: Histories of culture and cultivation, ed. D.
Imbert, (Washington: Dumbarton Oaks Research Library and Collection).
163-193.

Moustier, P, and Renting, H. (2015). “Urban agriculture and short chain food
marketing in developing countries” in Cities and agriculture. Developing resilient urban
food systems (eds.) H. de Zeeuw and P. Drechsel, (London: Routledge), 121-138.

Mushi, G. E., Di Marzo Serugendo, G., and Burgi, P. Y. (2022). Digital technology and
services for sustainable agriculture in Tanzania: a literature review. Sustain. For. 14:2415.
doi: 10.3390/su14042415

Nakasone, E., Torero, M., and Minten, B. (2014). The power of information: the ICT
revolution in agricultural development. Annu. Rev. Resour. Econ. 6, 533-550. doi:
10.1146/annurev-resource-100913-012714

frontiersin.org


https://doi.org/10.3389/fsufs.2024.1332978
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://doi.org/10.1371/journal.pone.0272859
https://doi.org/10.1007/s12571-021-01209-0
https://doi.org/10.1371/journal.pone.0256913
https://doi.org/10.1371/journal.pone.0256913
https://doi.org/10.3390/su132212345
https://bdnews24.com/world/africa/as-young-africans-push-to-be-online-data-cost-stands-in-the-way
https://bdnews24.com/world/africa/as-young-africans-push-to-be-online-data-cost-stands-in-the-way
https://doi.org/10.1016/j.wdp.2020.100178
https://doi.org/10.1016/j.wdp.2020.100178
https://doi.org/10.1016/j.appet.2019.03.012
https://doi.org/10.47772/IJRISS.2023.7685
https://www.itu.int/en/ITU-D/Statistics/Documents/publications/misr2017/MISR2017_Volume1.pdf
https://www.itu.int/en/ITU-D/Statistics/Documents/publications/misr2017/MISR2017_Volume1.pdf
https://www.itu.int/en/ITU-D/Statistics/Documents/publications/prices2021/ITU_A4AI_Price_Brief_2021.pdf
https://www.itu.int/en/ITU-D/Statistics/Documents/publications/prices2021/ITU_A4AI_Price_Brief_2021.pdf
https://www.trade.gov/country-commercial-guides/south-africa-agricultural-sector
https://www.trade.gov/country-commercial-guides/south-africa-agricultural-sector
https://doi.org/10.1186/s40066-023-00425-5
https://doi.org/10.1080/0376835X.2018.1456910
https://doi.org/10.1080/0376835X.2018.1456910
https://doi.org/10.1007/s12132-023-09480-4
https://doi.org/10.1016/j.worlddev.2020.105199
https://doi.org/10.1016/j.worlddev.2020.105199
https://www.fao.org/publications/card/en/c/e7f3e6f7-59ee-42e7-9cce-36c18af2daea/
https://www.fao.org/publications/card/en/c/e7f3e6f7-59ee-42e7-9cce-36c18af2daea/
https://doi.org/10.1186/s40100-020-00166-0
https://doi.org/10.1371/journal.pone.0201710
https://doi.org/10.1016/j.njas.2019.100315
https://doi.org/10.1016/j.njas.2019.100315
https://doi.org/10.1016/j.gfs.2019.100347
https://doi.org/10.1515/zfw-2017-0029
https://doi.org/10.1016/j.ecoser.2020.101183
https://doi.org/10.1080/03098265.2019.1694876
https://doi.org/10.1080/00036846.2020.1715338
https://doi.org/10.1016/j.worlddev.2021.105455
https://doi.org/10.1016/j.worlddev.2021.105455
https://doi.org/10.1016/j.heliyon.2023.e19320
https://doi.org/10.1016/j.envsci.2019.01.014
https://doi.org/10.1080/23311886.2022.2026017
https://doi.org/10.1016/j.asieco.2020.101219
https://doi.org/10.1016/j.asieco.2020.101219
https://doi.org/10.1080/1389224X.2014.997255
https://doi.org/10.1080/1389224X.2014.997255
https://doi.org/10.3390/agronomy11061096
https://doi.org/10.3390/su14042415
https://doi.org/10.1146/annurev-resource-100913-012714

Alfonsi et al.

Nonet, G. A. H., G6ssling, T., Van Tulder, R., and Bryson, J. M. (2022). Multi-
stakeholder engagement for the sustainable development goals: introduction to the
special issue. J. Bus. Ethics 180, 945-957. doi: 10.1007/s10551-022-05192-0

Nthane, T. T, Saunders, E, Gallardo Fernindez, G. L., and Raemaekers, S. (2020).
Toward sustainability of South African small-scale fisheries leveraging ICT
transformation pathways. Sustain. For. 12:743. doi: 10.3390/su12020743

Olivier, D. W. (2019). Urban agriculture promotes sustainable livelihoods in Cape
Town. Dev. South. Afr. 36, 17-32. doi: 10.1080/0376835X.2018.1456907

Onyeneke, R. U,, Ankrah, D. A, Atta-Ankomabh, R., Agyarko, F. E, Onyeneke, C. .,
and Nejad, J. G. (2023). Information and communication technologies and
agricultural production: new evidence from Africa. Appl. Sci. 13:3918. doi: 10.3390/
app13063918

Orsini, E. (2020). Innovation and sustainability in urban agriculture: the path forward.
J. Consum. Prot. Food Saf. 15, 203-204. doi: 10.1007/s00003-020-01293-y

Ortiz-Crespo, B., Steinke, J., Quirds, C. E, van de Gevel, J., Daudi, H., Gaspar
Mgimiloko, M., et al. (2020). User-centred design of a digital advisory service: enhancing
public agricultural extension for sustainable intensification in Tanzania. Int. J. Agric.
Sustain. 18, 35-51. doi: 10.1080/14735903.2020.1720474

Pamuk, H., Bulte, E., Adekunle, A., and Diagne, A. (2015). Decentralised innovation
systems and poverty reduction: experimental evidence from Central Africa. Eur. Rev.
Agric. Econ. 42,99-127. doi: 10.1093/erae/jbu007

Parker, C., Scott, S., and Geddes, A. (2019). “Snowball sampling” in SAGE research
methods foundations. (eds.) P. Atkinson, S. Delamont, A. Cernat, J. W. Sakshaung, and
R. A. Williams, (London: SAGE Publications).

Parmar, 1. S., Soni, P, Salin, K. R., and Kuwornu, J. K. (2018). Assessing farmers access
to ICT and non-ICT sources for agricultural development in semi-arid region in India.
J. Agric. Inf. 9, 22-39. doi: 10.17700/jai.2018.9.2.459

Plekhanov, D., Franke, H., and Netland, T. H. (2022). Digital transformation: A
review and research agenda. Eur. Manag. ] 41, 821-844. doi: 10.1016/j.
emj.2022.09.007

Poulsen, M. N., McNab, P. R., Clayton, M. L., and Neff, R. A. (2015). A systematic
review of urban agriculture and food security impacts in low-income countries. Food
Policy 55, 131-146. doi: 10.1016/j.foodpol.2015.07.002

Qiang, C. Z., Kuek, S. C., Dymond, A., and Esselaar, S. (2012). Mobile applications for
agriculture and rural development. Washington, DC: World Bank.

Qiao, Y., Martin, E, Cook, S., He, X., Halberg, N., Scott, S., et al. (2018). Certified
organic agriculture as an alternative livelihood strategy for small-scale farmers in China:
A case study in Wanzai County, Jiangxi Province. Ecol. Econ. 145, 301-307. doi:
10.1016/j.ecolecon.2017.10.025

Revenko, L. S., and Revenko, N. S. (2022). Digital divide and digital inequality in
global food systems. Vestn. RUDN. Int. Relat. 22, 372-384. doi: 10.22363/
2313-0660-2022-22-2-372-384

Ricciardi, V., Ramankutty, N., Mehrabi, Z., Jarvis, L., and Chookolingo, B. (2018). How
much of the world's food do smallholders produce? Glob. Food Sec. 17, 64-72. doi:
10.1016/j.gfs.2018.05.002

Risimati, B., and Gumbo, T. (2018). Examining the role of public transport interchange
hubs in supportive public transport integration in City of Johannesburg. REAL CORP,
pp. 207-214.

Roberts, T., and Hernandez, K. (2019). Digital access is not binary: the 5 A's of
technology access in the Philippines. Electron. J. Inf. Syst. Dev. Countries 85:¢12084. doi:
10.1002/isd2.12084

Sachet, E., Mertz, O., Le Coq, J. E, Cruz-Garcia, G. S., Francesconi, W,, Bonin, M.,
etal. (2021). Agroecological transitions: A systematic review of research approaches and
prospects for participatory action methods. Front. Sustainable Food Syst. 5:709401. doi:
10.3389/fsufs.2021.709401

Sarr, M., Ayele, M. B,, Kimani, M. E,, and Ruhinduka, R. (2021). Who benefits from climate-
friendly agriculture? The marginal returns to a rainfed system of rice intensification in
Tanzania. World Dev. 138:105160. doi: 10.1016/j.worlddev.2020.105160

Sekabira, H., Tepa-Yotto, G. T., Ahouandjinou, A. R., Thunes, K. H.,
Pittendrigh, B., Kaweesa, Y., et al. (2023). Are digital services the right solution for
empowering smallholder farmers? A perspective enlightened by COVID-19
experiences to inform smart IPM. Front. Sustainable Food Syst. 7:983063. doi:
10.3389/fsufs.2023.983063

Sergaki, P, and Michailidis, A. (2020). Small-scale food producers: challenges and
implications for SDG2. Zero Hunger, 787-799. doi: 10.1007/978-3-319-95675-6_48

Siebert, A. (2020). Transforming urban food systems in South Africa: unfolding food
sovereignty in the city. J. Peasant Stud. 47, 401-419. doi: 10.1080/03066150.2018.1543275

Singh, S., and Srivastava, S. K. (2023) Analysis of enablers facilitating ICT adoption
in technical education in the post-pandemic era: A framework for future preparedness
using ISM approach. In AIP conference proceedings (2909, 1). AIP Publishing.

Smidt, H. J., and Jokonya, O. (2022). Factors affecting digital technology adoption by
small-scale farmers in agriculture value chains (AVCs) in South Africa. Inf. Technol.
Dev., 28, 558-584. doi: 10.1080/02681102.2021.1975256

Sobratee, N., Davids, R., Chinzila, C. B., Mabhaudhi, T., Scheelbeek, P, Modi, A. T, et al.
(2022). Visioning a food system for an equitable transition towards sustainable diets—a
South African perspective. Sustain. For. 14:3280. doi: 10.3390/su14063280

Frontiers in Sustainable Food Systems

17

10.3389/fsufs.2024.1332978

Specht, K., Siebert, R, Hartmann, L, Freisinger, U. B., Sawicka, M., Werner, A., etal. (2014).
Urban agriculture of the future: an overview of sustainability aspects of food production in
and on buildings. Agric. Hum. Values 31, 33-51. doi: 10.1007/s10460-013-9448-4

Statistics South Africa (2022a). Census 2022: City of Johannesburg. [Online] Available
at: https://census.statssa.gov.za/#/province/7/2 (Accessed October 31, 2023).

Statistics South Africa (2022b). Census 2022: City of Cape Town. [Online] Available
at: https://census.statssa.gov.za/#/province/1/2 (Accessed October 31, 2023).

Steinke, J., Achieng, J. O., Hammond, J., Kebede, S. S., Mengistu, D. K,
Mgimiloko, M. G., et al. (2019). Household-specific targeting of agricultural advice via
mobile phones: feasibility of a minimum data approach for smallholder context. Comput.
Electron. Agric. 162, 991-1000. doi: 10.1016/j.compag.2019.05.026

Tambo, J. A., and Mockshell, J. (2018). Differential impacts of conservation agriculture
technology options on household income in sub-Saharan Africa. Ecol. Econ. 151,
95-105. doi: 10.1016/j.ecolecon.2018.05.005

Termeer, C. J., Drimie, S., Ingram, J., Pereira, L., and Whittingham, M. J. (2018). A
diagnostic framework for food system governance arrangements: the case of
South Africa. NJAS Wageningen J. Life Sci. 84, 85-93. doi: 10.1016/j.njas.2017.08.001

Tevera, D. (2022). “Secondary cities and urban agriculture in sub-Saharan Africa” in
Transforming urban food Systems in Secondary Cities in Africa (eds.) L. Riley and J.
Crush, (Cham: Springer International Publishing), 133-147.

Trendov, M., Varas, S., and Zeng, M., (2019). Digital technologies in agriculture and
rural areas: Status report.

Tricarico, D. (2021). COVID-19: how is digital agriculture helping farmers? Mobile
for Development. Available at: https://www.gsma.com/mobilefordevelopment/
programme/agritech/covid-19-how-is-digital-agriculture-helping-farmers/ (Accessed
February 10, 2024).

Tsan, M., Totapally, S., Hailu, M., and Addom, B. K. (2021). The digitalisation of
African agriculture report 2018--2019. Wageningen, The Netherlands: CTA/
Dalberg Advisers.

Ume, C. (2023). The role of improved market access for small-scale organic farming
transition: implications for food security. J. Clean. Prod. 387:135889. doi: 10.1016/j.
jclepro.2023.135889

UNEP. (n.d.) Small-scale farming. Available at: https://lcap.unep.org/knowledge/
glossary/small-scale-farming. (Accessed August 29, 2022).

Van Veenhuizen, R., and Danso, G. (2007). Profitability and sustainability of urban and
peri-urban agriculture, vol. 19. Rome, Italy: Food & Agriculture Organization (FAO).

Vassilakopoulou, P.,, and Hustad, E. (2023). Bridging digital divides: A literature
review and research agenda for information systems research. Inf. Syst. Front. 25,
955-969. doi: 10.1007/s10796-020-10096-3

Venter, I. M., and Daniels, A. D. (2020). Towards bridging the digital divide: the
complexities of the South African story. In INTED2020 proceedings (pp. 3250-3256).
TATED.

Vidal Merino, M., Gajjar, S. P, Subedi, A., Polgar, A., and Van Den Hoof, C. (2021).
Resilient governance regimes that support urban agriculture in sub-Saharan cities:
learning from local challenges. Front. Sustainable Food Syst. 5:692167. doi: 10.3389/
fsufs.2021.692167

Vorley, B. (2013). Meeting small-scale farmers in their markets: Understanding and
improving the institutions and governance of informal Agri-food trade: International
Institute for Environment and Development (IIED).

Wadumestrige Dona, C. G., Mohan, G., and Fukushi, K. (2021). Promoting urban
agriculture and its opportunities and challenges—a global review. Sustain. For. 13:9609.
doi: 10.3390/su13179609

Weidner, T, Yang, A., and Hamm, M. W. (2019). Consolidating the current knowledge
on urban agriculture in productive urban food systems: learnings, gaps and outlook. J.
Clean. Prod. 209, 1637-1655. doi: 10.1016/j.jclepro.2018.11.004

Winstone, L., Mars, B., Haworth, C. M., and Kidger, J. (2021). Social media use and
social connectedness among adolescents in the United Kingdom: A qualitative
exploration of displacement and stimulation. BMC Public Health 21, 1-15. doi: 10.1186/
512889-021-11802-9

Woodhill, J., Hasnain, S., and Griffith, A. (2020) Farmers and food systems: What future for
small-scale agriculture. Environmental change institute, University of Oxford, Oxford.
Available at: https://beamexchange.org/uploads/filer_public/bc/8b/be8bldd3-8ca9-4adc-
ac64-a709399abf7f/future_for_small-scale_agriculture. pdf. (Accessed August 29, 2022).

World Bank (2022) In Southern Africa, leveling the playing field at birth critical
to reducing inequality, intergenerational poverty. Available at: https://www.
worldbank.org/en/region/afr/publication/in-southern-africa-leveling-the-playing-
field-at-birth-critical-to-reducing-inequality-intergenerational-poverty. (Accessed
October 3, 2022).

Wu, F. (2022). Adoption and income effects of new agricultural technology on family
farms in China. PLoS One 17:€0267101. doi: 10.1371/journal.pone.0267101

Xia, Y. (2020). Correlation and association analyses in microbiome study integrating
multiomics in health and disease. Prog. Mol. Biol. Transl. Sci. 171, 309-491. doi: 10.1016/
bs.pmbts.2020.04.003

Zezza, A., and Tasciotti, L. (2010). Urban agriculture, poverty, and food security:
empirical evidence from a sample of developing countries. Food Policy 35, 265-273. doi:
10.1016/j.foodpol.2010.04.007

frontiersin.org


https://doi.org/10.3389/fsufs.2024.1332978
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://doi.org/10.1007/s10551-022-05192-0
https://doi.org/10.3390/su12020743
https://doi.org/10.1080/0376835X.2018.1456907
https://doi.org/10.3390/app13063918
https://doi.org/10.3390/app13063918
https://doi.org/10.1007/s00003-020-01293-y
https://doi.org/10.1080/14735903.2020.1720474
https://doi.org/10.1093/erae/jbu007
https://doi.org/10.17700/jai.2018.9.2.459
https://doi.org/10.1016/j.emj.2022.09.007
https://doi.org/10.1016/j.emj.2022.09.007
https://doi.org/10.1016/j.foodpol.2015.07.002
https://doi.org/10.1016/j.ecolecon.2017.10.025
https://doi.org/10.22363/2313-0660-2022-22-2-372-384
https://doi.org/10.22363/2313-0660-2022-22-2-372-384
https://doi.org/10.1016/j.gfs.2018.05.002
https://doi.org/10.1002/isd2.12084
https://doi.org/10.3389/fsufs.2021.709401
https://doi.org/10.1016/j.worlddev.2020.105160
https://doi.org/10.3389/fsufs.2023.983063
https://doi.org/10.1007/978-3-319-95675-6_48
https://doi.org/10.1080/03066150.2018.1543275
https://doi.org/10.1080/02681102.2021.1975256
https://doi.org/10.3390/su14063280
https://doi.org/10.1007/s10460-013-9448-4
https://census.statssa.gov.za/#/province/7/2
https://census.statssa.gov.za/#/province/1/2
https://doi.org/10.1016/j.compag.2019.05.026
https://doi.org/10.1016/j.ecolecon.2018.05.005
https://doi.org/10.1016/j.njas.2017.08.001
https://www.gsma.com/mobilefordevelopment/programme/agritech/covid-19-how-is-digital-agriculture-helping-farmers/
https://www.gsma.com/mobilefordevelopment/programme/agritech/covid-19-how-is-digital-agriculture-helping-farmers/
https://doi.org/10.1016/j.jclepro.2023.135889
https://doi.org/10.1016/j.jclepro.2023.135889
https://leap.unep.org/knowledge/glossary/small-scale-farming
https://leap.unep.org/knowledge/glossary/small-scale-farming
https://doi.org/10.1007/s10796-020-10096-3
https://doi.org/10.3389/fsufs.2021.692167
https://doi.org/10.3389/fsufs.2021.692167
https://doi.org/10.3390/su13179609
https://doi.org/10.1016/j.jclepro.2018.11.004
https://doi.org/10.1186/s12889-021-11802-9
https://doi.org/10.1186/s12889-021-11802-9
https://beamexchange.org/uploads/filer_public/bc/8b/bc8b1dd3-8ca9-4adc-ac64-a709399abf7f/future_for_small-scale_agriculture.pdf
https://beamexchange.org/uploads/filer_public/bc/8b/bc8b1dd3-8ca9-4adc-ac64-a709399abf7f/future_for_small-scale_agriculture.pdf
https://www.worldbank.org/en/region/afr/publication/in-southern-africa-leveling-the-playing-field-at-birth-critical-to-reducing-inequality-intergenerational-poverty
https://www.worldbank.org/en/region/afr/publication/in-southern-africa-leveling-the-playing-field-at-birth-critical-to-reducing-inequality-intergenerational-poverty
https://www.worldbank.org/en/region/afr/publication/in-southern-africa-leveling-the-playing-field-at-birth-critical-to-reducing-inequality-intergenerational-poverty
https://doi.org/10.1371/journal.pone.0267101
https://doi.org/10.1016/bs.pmbts.2020.04.003
https://doi.org/10.1016/bs.pmbts.2020.04.003
https://doi.org/10.1016/j.foodpol.2010.04.007

	Adoption and desirable characteristics of Information and Communication Technologies for urban small-scale food producers in South Africa
	1 Introduction
	1.1 Urban small-scale food production in Sub-Saharan Africa
	1.2 Information and Communication Technologies for food systems transformation
	1.3 Knowledge gaps and research aims

	2 Methodology
	2.1 Study area
	2.2 Data collection
	2.3 Data analysis
	2.4 Positionality statement

	3 Results
	3.1 Household characteristics
	3.2 Perceptions and attitudes for ICTs
	3.3 Factors associated with ICT perceptions and attitudes
	3.3.1 Association analysis
	3.3.2 Redundancy analysis

	4 Discussion
	4.1 Synthesis of main findings
	4.2 Comparison with knowledge from other developing countries
	4.3 Effects of the COVID-19 pandemic on ICT adoption and use
	4.4 Implications for policy and practice
	4.5 Study limitations and future research

	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

