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Abstract:

Digital technologies are increasingly shaping agricultural systems across the world, offering new
opportunities for improving food production, enhancing market participation, and creating employment
opportunities for young people. This study examined how digital agriculture can contribute to sustainable
food security and youth employment in Limpopo Province, South Africa, using an inclusive innovation
perspective. The research adopted a systematic literature review approach supported by policy and
empirical studies published from 2020 to date. Multiple academic databases were utilized as primary
sources of information which include inter alia the Scopus, Web of Science, and Google Scholar. These
academic databases were used to identify relevant literature on digital agriculture, rural innovation, and
youth participation in agriculture. The findings show that digital tools such as precision agriculture
technologies, mobile advisory platforms, and digital marketplaces can improve farm productivity and
further strengthen agricultural value chains, whilst creating new forms of employment in rural areas and
promoting the development of a more sustainable food sector. However, several barriers such as limited
digital infrastructure, skills gaps, and unequal access to technology continue to be major constrains
leading to minimal and sporadic widespread adoption of this innovation strategies. The study highlights
the significance of developing inclusive innovation frameworks that can enable smallholder farmers and
rural youth to equitably participate in and benefit from digital transformation processes. The paper
concludes that digital agriculture has a catalytic potential for rural development in Limpopo if supported
by targeted investments in digital infrastructure, agricultural training, and youth entrepreneurship

programs.
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Introduction and Background

Agriculture continues to play a critical role in the socio-economic development of many African countries.
Across the continent, the agricultural sector remains central to food production, employment creation,
and rural livelihoods, particularly in regions where smallholder farming systems dominate agricultural
production (Food and Agriculture Organization [FAQ], 2023; Sheahan & Barrett, 2017). In South Africa,
agriculture contributes significantly to sustainable food security while providing employment
opportunities in rural communities (Statistics South Africa, 2024). Limpopo Province is widely recognised
as one of the country’s most agriculturally productive regions due to its favourable climate, diverse crop
systems, and the central role of smallholder farmers (Nemanzemba et al., 2025). However, a critical
socio-economic divergence emerges when comparing Limpopo to broader national trends. While South
Africa has experienced gradual improvements in agricultural productivity and technological uptake in
certain commercial farming regions, Limpopo continues to exhibit disproportionately high levels of rural
unemployment, youth disengagement from agriculture, and heightened vulnerability to climate variability
(Geza et al., 2026; Statistics South Africa, 2025). This reflects a structural gap in which national
agricultural progress has not translated into inclusive rural development outcomes within predominantly
smallholder-based provincial economies. The persistence of these disparities highlights a contextual
deficit in the adoption and diffusion of innovation, particularly among rural youth and emerging farmers.
At the same time, digital technologies are increasingly transforming agricultural systems globally.
Innovations such as drones, satellite monitoring, mobile advisory platforms, digital marketplaces, and
precision farming technologies are reshaping production and farm management practices while
enhancing sustainable food security (Birner, Daum, & Pray, 2021; Klerkx & Rose, 2020). These tools
enable improved data-driven decision-making, resource efficiency, and stronger integration between
producers and markets (Ayim et al., 2022; Yuan & Sun, 2024). The Food and Agriculture Organization
(2022) notes that digital agriculture can reduce information asymmetries and improve the integration of
smallholder farmers into agricultural value chains. Empirical studies further suggest that digital platforms
can enhance agricultural efficiency while strengthening resilience to environmental and market shocks
(Basso & Antle, 2020; Rose et al., 2021). Youth unemployment remains a significant socio-economic
challenge, particularly in rural South Africa, where labour market exclusion is more pronounced
(Statistics South Africa, 2025). Although agriculture has historically been viewed as a labour-absorbing
sector, many young people perceive it as unattractive due to difficult working conditions, limited access
to land and capital, and inadequate exposure to modern technologies (Chipfupa & Tagwi, 2021; Henning
et al.,, 2022). Consequently, youth participation in agriculture remains low despite its economic
importance (Madende et al.,, 2023). This challenge is more acute in Limpopo, where structural
inequalities intersect with limited technological access, thereby reinforcing a cycle of rural

marginalisation. Digital agriculture has recently been advanced as a potential mechanism to address
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these challenges by repositioning agriculture as a knowledge-intensive and technology-driven sector
that may appeal to younger generations (Daum et al., 2022). It creates opportunities in areas such as
agricultural data management, digital extension services, and agri-technology entrepreneurship (Mollel
et al., 2025), while also improving market access and value chain participation (World Bank, 2025b).
Within this context, inclusive innovation provides a useful analytical lens, emphasising the development
and diffusion of technologies that address the needs of marginalised populations (Mehrabi et al., 2021).
It further underscores the importance of ensuring equitable access to digital infrastructure, skills, and
institutional support (Gumbi et al., 2023; Nxumalo & Chauke, 2025), thereby preventing the deepening
of existing inequalities (Rotz et al., 2019b). Despite growing scholarly attention to digital agriculture in
Africa, empirical research at the provincial level remains limited, with most studies focusing on national
or regional analyses (Birner et al., 2021; Klerkx et al., 2019). Limpopo therefore presents a critical case
for examining how digital agriculture can address the specific socio-economic gap between national
agricultural advancement and persistent rural underdevelopment. The objectives of this study are
threefold: to examine the role of digital agriculture in strengthening sustainable food security; to assess
its contribution to youth employment and entrepreneurship; and to analyse these dynamics through the
lens of inclusive innovation. By focusing on Limpopo, the study provides context-specific insights into
how digital transformation can be leveraged to address entrenched rural inequalities and promote

inclusive agricultural development.
Literature Review

Digital Agriculture and Agricultural Productivity

Digital agriculture refers to the integration of technologies such as sensors, satellite imagery, mobile
platforms, artificial intelligence, and data analytics into agricultural production and management
systems. These technologies enable farmers to monitor crop conditions, track resource use, and make
timely, evidence-based production decisions (Klerkx et al., 2019; Basso & Antle, 2020). By improving
precision and efficiency, digital tools contribute to higher productivity while promoting more sustainable
farming systems through better management of inputs such as water, fertilisers, and pesticides
(Lowenberg DeBoer et al., 2020; Rose et al., 2021). A key application of digital agriculture is precision
farming, which supports more targeted resource allocation. Through sensors and data analytics, farmers
can apply inputs such as fertilisers and irrigation with greater spatial and temporal accuracy, reducing
waste and limiting environmental degradation (Basso & Antle, 2020; Klerkx & Rose, 2020). This
approach is particularly beneficial for smallholder farmers, as it enhances productivity while maintaining
soil health and water quality. Satellite-based monitoring and remote sensing technologies further
strengthen agricultural decision-making by enabling real-time tracking of crop development, early

detection of pests and diseases, and improved forecasting of production risks (Burke & Lobell, 2017).
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These capabilities allow farmers to adopt proactive management strategies that improve yields and
reduce crop losses. Mobile-based digital advisory platforms have also expanded access to agricultural
knowledge, particularly in rural areas. These platforms provide timely information on weather forecasts,
pest management, crop rotation, and agronomic best practices (Fabregas et al., 2019; Steinke et al.,
2021). By delivering information directly to farmers’ mobile devices, they reduce reliance on traditional
extension services and support more informed decision-making, thereby improving productivity and
reducing vulnerability to climate and biological shocks (Abdulai et al., 2023; Yuan & Sun, 2024). Beyond
productivity gains, digital agriculture fosters learning and innovation within farming systems.
Engagement with digital tools enhances farmers’ skills in data interpretation and farm management
systems, strengthening their capacity to adopt and adapt new technologies (Klerkx et al., 2019; Rose et
al.,, 2021). This contributes to continuous improvement in productivity and adaptability to changing
environmental and market conditions. In addition, digital platforms facilitate coordination within
agricultural value chains by enabling data sharing and synchronisation of farming activities, thereby
improving efficiency and market responsiveness (Lowenberg DeBoer et al., 2020). However, the
benefits of digital agriculture are contingent upon adequate infrastructure, including internet connectivity,
access to digital devices, and relevant technical skills (Fabregas et al., 2019; Steinke et al., 2021).
Where these conditions are met, digital agriculture can significantly enhance yields, improve cost
efficiency, and strengthen sustainable farm management systems, particularly in smallholder-dominated
contexts (Abdulai et al., 2023; Yuan & Sun, 2024). All in all, digital agriculture represents a transformative
pathway for improving agricultural productivity, optimising resource use, and enabling knowledge-driven
farming systems (Klerkx & Rose, 2020; Basso & Antle, 2020; Rose et al., 2021).

Digital Agriculture and Food Security

Food security remains a critical challenge in many developing regions, particularly where rural
livelihoods depend heavily on agriculture. Persistent food insecurity is driven by climatic variability,
economic instability, and inefficiencies in agricultural supply chains, which collectively constrain the
availability, accessibility, and stability of food (FAO, 2023). Rural households are especially affected due
to limited access to extension services, markets, and technological innovations that could otherwise
enhance productivity and resilience (Ngwepe & Motsepe, 2026). Strengthening agricultural systems and
improving farm management practices is therefore central to addressing these structural constraints.
Digital agriculture has emerged as a transformative response to these challenges. It involves the
integration of mobile platforms, remote sensing, data analytics, and decision-support systems into
farming practices, enabling farmers to improve productivity, reduce losses, and manage resources more
efficiently (Ayim et al., 2022; Basso & Antle, 2020). Precision monitoring tools allow real-time tracking of
soil conditions, water availability, crop growth, and pest pressures, enabling timely interventions that

safeguard yields and improve harvest stability (Yuan & Sun, 2024). These systems also enhance input
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efficiency by supporting optimal use of fertilisers, seeds, and water, thereby contributing to both food
production and environmental sustainability (Klerkx et al., 2019). Beyond farm-level improvements,
digital agriculture strengthens agricultural value chains by improving coordination among producers,
traders, and consumers. Digital platforms reduce transaction costs and enhance market efficiency,
allowing farmers to access real-time pricing information and make more informed marketing decisions
(Birner et al.,, 2021). This reduces reliance on intermediaries, improves price transparency, and
strengthens the bargaining power of smallholder farmers. The integration of mobile payment systems
and digital commerce further facilitates secure financial transactions and expands participation in
agricultural markets (Aker et al., 2016). Digital tools also play a significant role in reducing post-harvest
losses, a persistent barrier to food security in rural areas. Through improved logistics coordination,
storage management, and market access, farmers are better able to move produce efficiently from farm
to market, thereby reducing spoilage and increasing food availability (Wossen et al., 2019). In addition,
early warning systems and weather alerts delivered through digital advisory platforms enable farmers to
anticipate climatic shocks and adjust production or storage strategies accordingly, strengthening overall
system resilience (Abdulai et al., 2023). Importantly, digital agriculture enhances inclusion by reducing
spatial and informational barriers that traditionally limit rural participation in agricultural systems
(Motsepe, Sethu & Zitha, 2026a). Farmers in remote areas can access training, market information, and
buyer networks through mobile and online platforms, improving their integration into value chains and
supporting rural development (World Bank, 2021; World Bank, 2025c). In a nutshell, digital agriculture
offers a multidimensional pathway to improving food security by enhancing productivity, reducing losses,
strengthening market access, and promoting inclusive participation. When supported by infrastructure,
training, and enabling policies, these technologies contribute to more resilient, efficient, and equitable
food systems (Ayim et al., 2022; Birner et al., 2021; Yuan & Sun, 2024).

Youth Participation in Agriculture

Youth participation in agriculture has become a key development priority across Africa due to the sector’s
potential to address high levels of youth unemployment, stimulate rural economies, and strengthen food
security systems (Geza et al., 2022; Madende et al., 2023). Despite this potential, youth engagement in
agriculture has remained limited due to structural constraints such as restricted access to land,
inadequate financing, limited agricultural training opportunities, and weak rural infrastructure (Daum et
al., 2022; Ngwepe & Motsepe, 2026). These barriers have contributed to declining interest in farming
among young people and increased migration to urban areas, resulting in an ageing agricultural
workforce and the underutilisation of rural human capital. Digital agriculture offers a strategic opportunity
to reverse these trends by repositioning agriculture as a technology-driven and knowledge-intensive
sector. The integration of mobile platforms, farm management systems, satellite monitoring, and data

analytics enables youth to engage in agriculture beyond traditional labour-intensive roles (Klerkx &
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Rose, 2020; Daum et al.,, 2022). These technologies align well with digital competencies often
possessed by young people, including data interpretation, digital communication, and innovation-
oriented thinking, thereby making agriculture more accessible and appealing to younger generations.
Empirical evidence from South Africa suggests that youth participation increases when agricultural
systems incorporate technological innovation and entrepreneurship opportunities (Chipfupa & Tagwi,
2021; Henning et al., 2022). Digital platforms facilitate access to agronomic information, enable
participation in online agricultural markets, and support e-extension services that connect young farmers
with experts and peers (Mollel et al., 2025). In this way, young people are able to participate not only as
producers but also as innovators, developing agribusiness ventures, agricultural applications, and
technology-based farming solutions. Digital advisory systems further enhance decision-making in areas
such as crop management, pest control, and precision farming, improving productivity while
strengthening skills development. In the context of Limpopo Province, research indicates that youth
participation in agriculture improves significantly when digital infrastructure, training, and financial
support are available (Nemanzemba et al.,, 2025). Digital literacy programmes and agri-
entrepreneurship training help bridge skills gaps, while improved broadband connectivity reduces
barriers to technology adoption. Financial instruments such as microloans and cooperative funding
models further enable young entrepreneurs to access inputs and scale their agricultural activities.
Beyond employment creation, youth engagement in digital agriculture generates broader socio-
economic benefits. It fosters innovation, enhances household incomes, and strengthens rural resilience
by anchoring young people in productive local economies (Geza et al., 2022; Mollel et al., 2025). It also
promotes collaboration and knowledge exchange across agricultural networks, linking youth with
mentors, technology providers, and market actors, thereby strengthening their agency within rural
development systems (Motsepe et al., 2026a) To sum up, digital agriculture provides a transformative
pathway for enhancing youth participation in agriculture by addressing structural constraints, expanding
access to technology, and enabling entrepreneurial engagement. When supported through targeted
investments in training, infrastructure, and finance, it can contribute to reduced rural unemployment and
more inclusive and sustainable agricultural development (Daum et al., 2022; Nemanzemba et al., 2025;
Madende et al., 2023).

Inclusive Innovation in Rural Development

Inclusive innovation has emerged as a key framework for understanding how technological
advancement can support equitable rural development and reduce persistent socioeconomic
inequalities (Motsepe et al., 2026a). In agricultural transformation research, it emphasises that
innovations, particularly digital technologies, should benefit marginalised groups such as smallholder
farmers, rural youth, and women, rather than reinforcing existing structural disparities (Eastwood, Klerkx

et al., 2019; Rotz et al., 2019a). Within digital agriculture, inclusive innovation prioritises accessibility,
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affordability, and contextual relevance, ensuring that technological progress is distributed equitably
across all actors in agricultural value chains. While digital agriculture offers significant potential to
enhance productivity, optimise resource use, and improve food security, evidence suggests that these
benefits are not automatically inclusive. Without deliberate intervention, more technologically advanced
and commercially oriented farmers are more likely to capture the advantages, thereby widening existing
inequalities (Mehrabi et al., 2021; Rotz et al., 2019b). This dynamic contributes to the digital divide,
reflected in unequal access to internet connectivity, digital advisory services, precision tools, and market
information systems (Gumbi et al., 2023; Nxumalo & Chauke, 2025). Smallholder farmers often face
constraints such as limited digital literacy, weak institutional support, and financial barriers, which restrict
their participation in digital agricultural systems. Inclusive innovation frameworks therefore advocate for
participatory and collaborative approaches in the design and implementation of digital agricultural
initiatives (Steinke et al., 2021; World Bank, 2025b). These approaches involve engaging farmers in co-
creation processes, strengthening stakeholder collaboration, and establishing innovation platforms that
facilitate knowledge sharing and mutual learning. Such participatory mechanisms ensure that digital
solutions are contextually appropriate and aligned with the lived realities of rural communities (Birner et
al., 2021). Capacity development is central to achieving inclusive outcomes. Digital literacy programmes
enable farmers to effectively use mobile applications, interpret advisory information, and adopt precision
agriculture tools. In addition, training initiatives enhance entrepreneurial and managerial competencies,
allowing rural youth and smallholders to engage in digital marketing, e-commerce, and farm
management systems (Rose et al., 2021; Steinke et al., 2021). These skills contribute not only to
improved productivity but also to greater resilience in responding to climate variability, market instability,
and pest outbreaks. Infrastructure development is equally critical. Reliable internet access, affordable
data services, and appropriate digital devices are essential for enabling meaningful participation in digital
agriculture (World Bank, 2025b; Gumbi et al., 2023). When combined with institutional support such as
extension services, cooperatives, and financial mechanisms, these elements enhance the capacity of
smallholder farmers to integrate digital tools into their production systems and participate competitively
in markets. In conclusion, inclusive innovation highlights that digital transformation is not inherently
equitable. However, through participatory design, capacity building, and infrastructure investment, digital
agriculture can reduce inequality, strengthen rural livelihoods, and promote more sustainable and
inclusive rural development (Eastwood et al., 2019; Rotz et al., 2019b; Steinke et al., 2021; World Bank,
2025b).

Conclusion of the Literature Review

The literature indicates that digital agriculture has the potential to improve agricultural productivity,
strengthen food security, and create new employment opportunities for young people. However, several

challenges remain, including limited digital infrastructure, inadequate training, and unequal access to
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technological resources. Although global research on digital agriculture is expanding rapidly, there is
limited empirical analysis focusing specifically on the provincial context of Limpopo. This gap highlights
the need for research that examines how digital agriculture can support inclusive rural development
within this region.

Theoretical Framework

This study is guided by Inclusive Innovation Theory and selected elements of Diffusion of Innovation
Theory. Inclusive Innovation Theory explains how technological advancement can reduce socio-
economic inequalities by ensuring that marginalised groups are not excluded from innovation systems.
In agricultural development, it emphasises that digital technologies should be accessible to smallholder
farmers and rural communities rather than primarily benefiting technologically advanced actors (Birner
et al., 2021; Mehrabi et al., 2021). In this regard, inclusive innovation in rural agricultural systems
requires improved access to digital infrastructure, strengthened technological literacy, and supportive
institutional arrangements that enable participation in digital transformation processes (Gumbi et al.,
2023; Nxumalo & Chauke, 2025). The theory further stresses participatory approaches in which intended
users are involved in the design and implementation of innovations. Such engagement ensures that
technologies are aligned with local socio-economic conditions, thereby improving adoption and
sustainability outcomes (Eastwood et al.,, 2019; Rotz et al., 2019a). Within digital agriculture, this
translates into farmer-centred solutions, strengthened extension systems, and collaborative knowledge-
sharing platforms that support the integration of digital tools into everyday farming practices (Fielke et
al., 2020; Steinke et al., 2021). Diffusion of Innovation Theory complements this perspective by
explaining how new technologies spread within agricultural communities. Adoption is shaped by
perceived usefulness, compatibility with existing practices, and access to information and training
(Klerkx et al., 2019; Yuan & Sun, 2024). In rural contexts, diffusion is strongly influenced by extension
services, farmer networks, and the availability of digital infrastructure (Wossen et al., 2019; Ayim et al.,
2022). Empirical evidence shows that adoption increases when farmers observe clear benefits such as
improved productivity, better market access, and enhanced risk management (Abdulai et al., 2023;
Fabregas et al., 2019). Furthermore, younger farmers tend to adopt digital technologies more readily
due to greater familiarity with digital tools and innovation systems (Daum et al., 2022; Mollel et al., 2025).
By integrating these two theoretical perspectives, the study examines both the inclusiveness of digital
innovation and the mechanisms of technology diffusion in rural agricultural systems. This combined
framework provides a comprehensive lens for understanding how digital agriculture can improve food
security while also expanding youth employment opportunities in rural areas (Rose et al., 2021;
Adeyanju et al., 2023).
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Methodology

This study adopts a qualitative systematic literature review design. The approach was selected because
the research focuses on synthesizing existing knowledge on digital agriculture, food security, and youth
employment rather than collecting primary data from human participants. Systematic literature reviews
are widely used in agricultural and development research to consolidate fragmented knowledge across
multiple studies and identify emerging patterns within a particular research field (Gumbi et al., 2023;
Yuan & Sun, 2024). Because the study relies exclusively on secondary academic sources, it does not

require ethical clearance.
Data Sources and Search Strategy

The literature search was conducted using three major academic databases including Scopus, Web of
Science, and Google Scholar. These databases were selected because they provide extensive
collections of peer reviewed academic publications covering agriculture, development studies, rural
innovation, and food systems research (Birner et al., 2021; Klerkx et al., 2019). Previous systematic
reviews on digital agriculture have similarly relied on these databases to capture a broad range of
scholarly publications examining the transformation of agricultural systems through digital technologies
(Ayim et al., 2022; Gumbi et al., 2023). The search process used combinations of several keywords
associated with digital transformation in agriculture. These included digital agriculture, precision
agriculture, food security, youth employment in agriculture, inclusive innovation, agricultural technology
Africa, and digital farming South Africa. These terms are commonly used within the literature on
agricultural modernization and digital farming systems (Rose et al., 2021; Yuan & Sun, 2024). The
search strategy was designed to capture studies examining technological innovation in agriculture as
well as research exploring its socio-economic implications for rural communities. The search focused
primarily on studies published between 2020 and 2026 to capture recent developments in digital
agriculture, agricultural automation, and data driven farming systems. Rapid technological change in
agriculture has generated a growing body of literature during this period examining the impact of digital
technologies on productivity, sustainability, and rural livelihoods (Basso & Antle, 2020; Klerkx & Rose,
2020). Additional foundational studies were also considered where necessary to provide conceptual
insights into agricultural technology adoption and rural development processes (Sheahan & Barrett,
2017; Rotz et al., 2019b).

Inclusion Criteria

The literature included in this study met several criteria. First, the selected sources consisted of peer
reviewed academic articles or official reports produced by reputable international organizations involved

in agricultural development and food systems research (FAO, 2022; World Bank, 2021). Second, the

WOHLLEBE & ROSS

Discover publication opportunities:
www.wr-publishing.org



https://doi.org/10.51137/wrp.ijsbe.721
http://www.wr-publishing.org/

International Journal of Sustainability in Business and Economics (ISSN: 3052-6752)
Volume: 02 Issue: 03 Year: 2026
https://doi.org/10.51137/wrp.ijsbe.721

publications released from 2020 to date to reflect contemporary developments in digital agriculture and
rural innovation. Third, studies focused on topics directly related to digital agriculture, rural innovation,
food security, or youth employment in agricultural systems. Finally, priority was given to research
conducted in developing countries or African agricultural contexts, where digital technologies are
increasingly being promoted as tools for improving rural development outcomes (Daum et al., 2022;
Nxumalo & Chauke, 2025).

Exclusion Criteria

Publications were excluded from the review if they met several conditions. Studies published before
2020 were excluded unless they were considered foundational contributions to the understanding of
agricultural technology adoption or rural development dynamics (Sheahan & Barrett, 2017). Articles that
did not focus on agriculture, rural development, or digital innovation were also excluded. Similarly, non-
academic blog posts, opinion pieces, and unverified sources were omitted to ensure the reliability and
scholarly credibility of the reviewed literature. Publications lacking clear methodological transparency
were also excluded to maintain academic rigor within the review process (Ayim et al., 2022; Gumbi et
al., 2023).

Data Analysis

The selected literature was analysed using thematic analysis. Thematic analysis is widely used in
systematic reviews to identify recurring patterns and conceptual relationships across a collection of
academic studies (Yuan & Sun, 2024). Through this approach, key themes were identified across the
selected literature including digital agricultural technologies, food security outcomes, youth employment
opportunities, and barriers to digital adoption in rural agricultural systems. The analysis involved three
stages. The first stage involved identifying recurring concepts and analytical patterns across the
reviewed studies. The second stage grouped related findings into broader thematic categories
associated with digital transformation in agriculture, including technological adoption, socio economic
impacts, and institutional support mechanisms (Klerkx et al., 2019; Steinke et al., 2021). The third stage
synthesized these themes to develop an integrated understanding of how digital agriculture contributes
to agricultural productivity, food security, and youth employment within rural communities (Adeyanju et
al., 2023; Mollel et al., 2025).

Results

Digital Agriculture and Food Security Outcomes

The analysis of the selected literature indicates that digital agriculture can significantly enhance food

security through improved farm management, increased productivity, and stronger agricultural value
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chains. Digital tools allow farmers to access real-time information about weather conditions, soil health,
pest outbreaks, and market prices, thereby improving the ability of farmers to make timely and informed
production decisions (Yuan & Sun, 2024; Fielke et al., 2020). Several studies emphasize that digital
advisory platforms play an important role in improving agricultural productivity among smallholder
farmers. Mobile-based agricultural advisory services provide farmers with information on crop
management, fertilizer use, and pest control strategies, enabling them to reduce crop losses and
improve yields (Abdulai et al., 2023; Fabregas et al., 2019). In rural regions where agricultural extension
services are limited, digital platforms serve as a critical source of technical support (Steinke et al., 2021;
Wossen et al., 2019). The literature also highlights the role of remote sensing technologies and satellite-
based monitoring systems in supporting agricultural planning. Digital monitoring technologies help
farmers detect crop diseases early and anticipate climate-related risks, which allows them to adopt
adaptive strategies that protect agricultural production (Burke & Lobell, 2017; FAO, 2022). Digital
marketplaces further contribute to food security by strengthening agricultural supply chains. Digital
trading platforms connect farmers directly with buyers and retailers, reducing reliance on intermediaries
and improving price transparency. Consequently, farmers can receive higher incomes while consumers
gain access to a more stable supply of agricultural products (World Bank, 2025c; Gumbi et al., 2023).
The relationship between digital agriculture technologies and food security outcomes is summarized in
Table 1.

Digital Technology Primary Function Contribution to Food Security
Mobile advisory | Deliver agronomic | Improved crop management and
platforms information reduced losses
Precision agriculture | Monitor soil moisture and o
] Increased farm productivity

tools nutrients
Satellite monitoring | Track weather and crop | Early risk detection and climate
systems health adaptation

o ) Improved market access and stable food
Digital marketplaces Link farmers to buyers

supply

Table 1: Digital Agriculture Technologies and Food Security Outcomes (Sources: Abdulai et al. (2023);
Basso & Antle (2020); Lowenberg DeBoer et al. (2020); FAO (2022); World Bank (2025c¢))

Overall, the literature suggests that digital agriculture contributes to the availability and stability
dimensions of food security. The success of these technologies, however, depends on digital
infrastructure, training programs, and institutional support mechanisms (Ayim et al., 2022; Nxumalo &
Chauke, 2025).
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Digital Agriculture and Youth Employment Opportunities

The review of the literature demonstrates that digital agriculture has the potential to create new
employment opportunities for young people in rural areas. Unlike traditional farming systems that rely
primarily on manual labor, digital agriculture requires technological expertise, data analysis skills, and
digital communication capabilities (Daum et al., 2022; Mollel et al., 2025). Recent studies indicate that
digital transformation is gradually reshaping the structure of agricultural employment. Emerging
occupations include drone operation, satellite monitoring, digital extension services, and agricultural
data analytics. These roles combine agricultural knowledge with digital skills, making them particularly
attractive to young people who are familiar with digital technologies (Geza et al., 2022; Steinke et al.,
2021). In the South African context, youth unemployment remains a significant challenge. Young people
between the ages of 15 and 34 continue to experience disproportionately high unemployment rates
(Statistics South Africa, 2025). Agriculture has the potential to absorb a portion of this labor force,
particularly through technology-driven agricultural enterprises (Henning et al., 2022; Chipfupa & Tagwi,
2021). Digital agriculture also supports the development of agri-tech entrepreneurship. Young
entrepreneurs are increasingly involved in developing mobile applications, digital farm management
systems, and online agricultural marketplaces. These businesses contribute to the modernization of
agricultural systems while creating employment opportunities for skilled youth (World Bank, 2025b;
Madende et al., 2023). The employment opportunities associated with digital agriculture are summarized
in Table 2.

Employment Area Description Skills Required

) Monitoring crops and land ) . )
Drone operation B Technical and analytical skills
conditions

. . . Delivering advisory services via | Agricultural and communication
Digital extension services

mobile apps skills
. ) Interpreting agricultural ] o
Agricultural data analysis Data science and statistics
datasets

. . Developing digital tools for | Innovation and business
Agri-tech entrepreneurship )
farming development

Table 2: Emerging Youth Employment Opportunities in Digital Agriculture
(Sources: Daum et al. (2022); Steinke et al. (2021); Mollel et al. (2025); World Bank (2025b))

These findings suggest that digital agriculture can transform agriculture into a knowledge-intensive
sector that attracts young professionals and supports rural economic development (Rose et al., 2021;
Adeyanju et al., 2023).
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Barriers to Digital Agriculture Adoption in Rural Regions

Despite the potential benefits, several barriers continue to limit the adoption of digital agriculture in rural
areas. Table 3 present several barriers to digital agriculture adoption. One of the most significant
challenges is the digital divide. Rural communities often lack reliable internet connectivity and access to
digital infrastructure (Ayim et al., 2022; Yuan & Sun, 2024). Another challenge is the limited digital literacy
among smallholder farmers. Many rural farmers have minimal experience with digital tools, which can
hinder adoption. Training programs that equip farmers with the skills needed to utilize digital agriculture
technologies are therefore critical (FAO, 2022; Abdulai et al., 2023). Financial constraints further restrict
the adoption of digital tools. Precision farming equipment, sensors, and drones can be prohibitively
expensive for smallholder farmers, and without access to credit, cooperative ownership models, or
subsidies, adoption rates remain low (Basso & Antle, 2020; Lowenberg DeBoer et al., 2020). Institutional
factors also play a role. Weak extension systems, limited government support, and fragmented policy
frameworks reduce the diffusion of digital technologies in rural communities (Klerkx & Rose, 2020; Rotz
et al., 2019b).

Barrier Description Implications

S Limited internet connectivity in | Reduced access to digital
Digital infrastructure gaps
rural areas platforms

o Limited technological skills ] o
Low digital literacy ‘ Slow adoption of digital tools
among farmers

] Expensive equipment and | Exclusion of smallholder
High technology costs
software farmers

o ) Weak  extension  support | = o
Institutional constraints Limited technology diffusion
systems

Table 3: Key Barriers to Digital Agriculture Adoption
(Sources: World Bank (2021); Gumbi et al. (2023))

Addressing these barriers is essential for ensuring that digital agriculture contributes to inclusive and
sustainable rural development (World Bank, 2021; Gumbi et al., 2023).

Discussion

The results demonstrate that digital agriculture has the potential to transform agricultural systems by
improving productivity, strengthening food supply chains, and creating new employment opportunities
for young people. These findings align with existing literature emphasizing the growing role of digital

technologies in modernizing agricultural production systems (Rose et al., 2021; Basso & Antle, 2020;
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Klerkx et al., 2019). The study confirms the relevance of Inclusive Innovation Theory in understanding
the social implications of digital agriculture. Inclusive innovation ensures that technological progress
benefits marginalized communities rather than reinforcing existing inequalities (Steinke et al., 2021;
Fabregas et al., 2019). The results indicate that digital agriculture can support inclusive rural
development if smallholder farmers and rural youth are actively involved in technological transformation
(Abdulai et al., 2023; Daum et al., 2022; Gumbi et al., 2023). The findings also support Rogers’ Diffusion
of Innovation Theory. Adoption of digital agriculture technologies depends on access to information,
perceived usefulness, and compatibility with existing agricultural practices (Ayim et al., 2022; Fielke et
al., 2020). Farmers are more likely to adopt digital tools when they understand their practical benefits,
receive adequate training, and have exposure to advisory services and peer networks (Wossen et al.,
2019; Steinke et al., 2021). Digital marketplaces, mobile advisory platforms, and precision agriculture
tools play a central role in increasing perceived usefulness and facilitating adoption (World Bank, 2025c;
Abdulai et al., 2023; Basso & Antle, 2020). However, the analysis also reveals that structural barriers
continue to limit the widespread adoption of digital agriculture in rural regions such as Limpopo. Limited
infrastructure, digital literacy gaps, and financial constraints restrict farmers’ ability to participate fully in
digital agricultural systems (Nxumalo & Chauke, 2025; Yuan & Sun, 2024; FAO, 2022). The high cost of
technologies such as sensors, drones, and automated equipment further exacerbates inequality in
access (Lowenberg DeBoer et al., 2020; Mehrabi et al., 2021). Addressing these challenges requires
coordinated policy interventions that combine technological investment with capacity development
(World Bank, 2021; Klerkx & Rose, 2020; Rotz et al., 2019a). Stakeholders need to strengthen digital
infrastructure, provide targeted training programs for smallholder farmers and youth, and establish
financing models that enable equitable access to technologies (Daum et al., 2022; Mollel et al., 2025;
Gumbi et al., 2023). Inclusive strategies are particularly important to ensure that the benefits of digital
agriculture translate into enhanced food security, higher incomes, and sustainable rural employment
opportunities (Geza et al.,, 2022; Henning et al., 2022; Madende et al., 2023). In conclusion, the
discussion highlights that digital agriculture is not only a technological innovation but also a social and
economic opportunity. Its potential is maximized when adoption is inclusive, supported by infrastructure
and training, and integrated within broader rural development strategies. The alignment with theoretical
frameworks such as Inclusive Innovation and Diffusion of Innovation provides a conceptual basis for
understanding how digital agriculture can reshape agricultural systems while addressing structural
inequalities (Steinke et al., 2021; Ayim et al., 2022; Rose et al., 2021).

Conclusion

Digital agriculture has emerged as a transformative pathway for enhancing food security and fostering
youth employment in rural regions. By integrating digital technologies into agricultural systems, farmers

can improve productivity, access markets more efficiently, and engage in new forms of employment that
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extend beyond traditional manual labour. Tools such as mobile advisory platforms, precision agriculture
systems, and digital marketplaces enable smallholder farmers to make more informed production
decisions, reduce losses, and respond to environmental and market risks more effectively. These
innovations also facilitate direct linkages between producers and buyers, minimizing intermediaries and
strengthening value chains. For young people in rural areas, digital agriculture presents opportunities to
participate in knowledge-intensive activities that combine traditional farming expertise with digital skills.
Emerging roles include drone operation, farm data analysis, and the development of agri-technology
solutions such as mobile applications and digital farm management platforms. These opportunities not
only generate employment but also encourage entrepreneurial activity, providing avenues for rural youth
to develop sustainable businesses and contribute to broader economic development. In regions like
Limpopo Province, where agriculture constitutes a substantial portion of the local economy, the
expansion of digital agriculture has the potential to revitalize rural labour markets, reduce youth
unemployment, and foster inclusive growth. The integration of digital technologies into agricultural
practice also enhances the resilience of rural communities. Farmers can access real-time information
on weather patterns, pest outbreaks, soil conditions, and market prices, allowing them to make timely
decisions that mitigate risks and improve crop outcomes. Digital platforms provide a mechanism for
continuous learning, enabling farmers to adapt their practices based on new knowledge and
technological developments. This adaptive capacity strengthens overall food security by improving
production efficiency, stabilizing supply chains, and reducing vulnerability to environmental and

economic shocks.
Practical Implications

For these benefits to be realized, investments in digital infrastructure and connectivity are essential.
Reliable internet access and mobile network coverage form the foundation for the effective use of digital
agricultural technologies. Governments and development organizations should prioritize initiatives that
expand access to these resources in rural areas, ensuring that farmers and rural youth can participate
fully in digital agriculture. Equally important is the incorporation of digital skills training into agricultural
programs. Young people should be equipped with both technical knowledge of farming systems and
proficiency in using digital tools to manage production, analyze data, and access markets. Capacity-
building programs should be tailored to local contexts, recognizing the existing knowledge and resource
constraints faced by smallholder farmers. Financial support mechanisms, such as loans, grants, or
cooperative ownership models, are also critical to enable youth-led agricultural enterprises to acquire
necessary technologies and sustain their operations. By combining infrastructure development, skills
training, and financial support, stakeholders can create an enabling environment for digital agriculture

to thrive.
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Theoretical Implications and Further Research

From a theoretical perspective, the study contributes to the understanding of inclusive innovation in
agriculture. It illustrates how technological adoption can advance equitable development by providing
opportunities for marginalized groups, particularly rural youth, to participate in the modernization of
agricultural systems. Digital agriculture exemplifies how innovation can be both productive and socially
transformative when implementation strategies are inclusive and responsive to local needs. Future
research should focus on longitudinal and empirical case studies that assess the long-term effects of
digital agriculture initiatives. Such studies could examine the impact of specific technologies on farm
productivity, household income, youth employment, and community resilience in Limpopo Province.
Comparative studies across regions or countries could also provide insights into best practices for
scaling digital agriculture while maintaining equity and sustainability. Additionally, exploring the role of
policy frameworks, institutional support, and public-private partnerships in facilitating technology
adoption will help identify effective strategies for integrating digital agriculture into broader rural
development agendas. In summary, digital agriculture holds considerable promise for transforming rural
livelihoods, improving food security, and expanding youth employment opportunities. Its success
depends on the coordinated efforts of governments, development organizations, and the private sector
to invest in infrastructure, training, and supportive policies. When implemented inclusively, digital

agriculture can contribute to resilient, knowledge-intensive, and economically vibrant rural communities.
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