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A systematic review of the drivers of agriculture 4.0
technologies in the agri-food system
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Abstract

The integration of Agriculture 4.0 technologies—such as Al, robotics, 10T, machine
learning, and drones—into agri-food systems is increasingly essential for addressing global
challenges related to food security, sustainability, and productivity. However, the process
of adoption faces several challenges, including the rapid pace of technological
advancements and the need for specialized skills to effectively integrate these
innovations. Identifying the key factors that drive the adoption of these technologies is
essential for developing the necessary infrastructure and capabilities for their successful
implementation. This study addresses this need by identifying the primary drivers behind
the adoption of Agriculture 4.0 technologies in the agri-food system. A Systematic
Literature Review (SLR) was conducted, analyzing 70 articles from reputable sources such
as Science Direct and Web of Science, based on strict inclusion and exclusion criteria. The
identified drivers were grouped into five categories: social, technological, political,
economic, and environmental. These drivers encompass various factors—ranging from
human behavior to environmental considerations—that influence the decision-making
process regarding technology adoption. The insights derived from this analysis offer
valuable guidance for both public and private sector stakeholders, enabling them to
create targeted policies, investment strategies, and collaborative initiatives to accelerate
the adoption of Agriculture 4.0 technologies. By focusing on these drivers, this study
contributes to the ongoing efforts to transform the global agri-food system through the
integration of advanced technologies, ensuring greater sustainability, efficiency, and food
security.
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1. Introduction

Agri-food systems play a pivotal role in ensuring food security, promoting
sustainability, and supporting human nutrition, but they increasingly face complex and
interrelated challenges, including climate change, social inequalities, and post-pandemic
effects (Walls et al., 2019). These combined threats raise concerns about a potential
global food crisis. Agriculture 4.0—marked by the use of Al, robotics, and digital
tools—has emerged in this sector as a promising response to increase productivity,
sustainability, and resilience (Trendov et al., 2019; Eastwood et al., 2021). However,
adoption remains fragmented and varies by region and context. Most existing studies
focus on barriers, while few explore the enablers that foster the uptake of these
technologies (Silveira et al., 2021). This review addresses that gap by identifying and
organizing the main drivers behind the adoption of Agriculture 4.0 technologies. The
findings offer actionable insights that can support strategic planning and policy
development, ultimately contributing to more inclusive, scalable, and effective digital
transformations in agri-food systems.

2. Methods

This study conducted a Systematic Literature Review (SLR) to explore the drivers
influencing the adoption of Agriculture 4.0 technologies in the agri-food system, adhering
to the PRISMA protocol to ensure methodological rigor, transparency, and replicability
(Denyer; Tranfield, 2009; Moher et al., 2010). The search strategy was based on three
groups of carefully selected keywords—related to Agriculture 4.0 concepts,
implementation drivers, and adoption processes—applied across two comprehensive and
reliable scientific databases: Science Direct and Web of Science. After an initial retrieval of
1.336 records, duplicates were removed, and strict inclusion and exclusion criteria were
applied regarding publication date (2020-2024), language (English), document type
(peer-reviewed articles), and relevance to the agricultural sciences and engineering.
Screening and content analysis were carried out by two independent reviewers using
structured evaluation protocols, reducing the dataset to a final sample of 70 articles. The
entire process followed a transparent and reproducible workflow, contributing to a robust
understanding of the academic landscape surrounding Agriculture 4.0 in the agri-food
sector.
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3. Results and Discussion

No prior research has comprehensively mapped or classified the key elements that
enable the adoption of Agriculture 4.0 technologies within agri-food systems. This SLR
identified 20 core drivers, organized into five clusters: technological, economic, political,
social, and environmental. Among these, social drivers were the most frequently cited,
followed by technological and political ones. The most recurrent drivers included D1 —
Connectivity and Digital Integration, D14 — Continuing Education and Training, D15 —
Cooperation and Collaboration Networks, and D3 — Usability and Functionality. Figures 1
through 5 below illustrate how these drivers are distributed across the clusters identified
in this review.

________________________________________ * Access to agricultoral information and farm monitoring.
! " + Mobile apps and social media (WhatsApp, ete) as decision-malking tools.

D1 - Connectivity and Digital Integration i ........ * Weather forecasting and real-time data for farm management.
in the Agri-Food System i

+ Transparency and interaction among stakeholders.
e L - » Loss and cost reduction, profit maximization.
* Traceability and sustainability influenced by consumers.

e, + Mixed data applications (e.g., computer vision via satellite).
/ + Robotics and antomation to reduce manual labor.
freveanens + AgriFoodTech startups as sources of innovation.
+ Large corporations in data management (IBM, Google, ete.).
+ Process improvement and opportunity generation.

D2 - Innovative Ecosystem with Startups and
Large Technology Companies
Technological
Drivers

N . » User involvement in technology development.

D3 - Usability and Functionality as i » Ease Ofuse_’ utility. chSt' afld design as key factors.
Adoption Drivers  EERLREERD » Technological adoption by connected farmers.

» Co-design and customization based on farmers' needs.

» Basic infrastructure and pre-existing technological systems.

» Demonstration events, fairs, forums, seminars.
D4-Knowledge Disseminationand =~ 1 » Regional training centers.

' Technological Support Networks H » Technical assistance, training programs, and support networks.
e e e g + Reliability, functionality, and meeting expectations.

Figure 1. Technological drivers of agriculture 4.0.
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DS — Cost Reduction and Access to
Affordable Technologies

D6 — Adoption of New Business '_ ....
Models and Economic Innovations !

Economic
Drivers

D7 - Government Support and Public
Policies as Catalysts

D38 — Access to Capital and
Financial Solutions

= Decrease in the cost of technology and infrastructure (internet. satellites, smartphones)

Wide availability of free or low-cost tools.

Technological solutions remain accessible even during financial hardship.
Smallholders benefit from low-cost emerging technologies.

Lower production costs are key motivators for adoption.

+ Subscription or leasing models reduce the initial cost of acquiring technologies

Demonstration of new economic opportunities and innovative services.

Removing intermediaries enhances farmers” bargaining power in markets
Customized commercial solutions for small businesses.

Small companies can economically compete with larger firms through tailored offers

» Government subsidies and incentives (for acquisition, use, and
maintenance of technologies).

Public investment in R&D and rural infrastructure.
Agricultural policies influence technological diffusion, even
indirectly.

Tax incentives, subsidies, and supply-demand stimuli foster
technology adoption.

« Access to credit increases farmers' ability to adopt new technologies.

« Financial incentives and insurance mechanisms reduce adoption risks.

« Access to funding is crucial for the growth of agtech startups.

« Emerging companies need capital to scale their market sclutions.

« Openness in negotiations with technology providers enhances accessibility.

Figure 2. Economic drivers of agriculture 4.0.

D9 — Government Interventions and
Support to the Agricultural Sector

D10 — Support for Entrepreneurship
and Innovation in the Agricultural
Sector

Political
Drivers

D11 - Emerging Government Policies
and Industry Regulation

D12 - Pressures and Public Policies .

for Technological Adoption
Financial Solutions

harvesting).

Subsidies and favorable loans.

Incentives for rural credit targeting 4.0 technologies.

Strengthening technical assistance and extension services, especially for smallholders.
Collaboration among public, private, corporate, and academic institutions.

Simplified registration processes, access to credit, intellectual property protection,
international trade facilitation.

Government, donor, and research institution support for AgriFoodTech startups.
Creation of innovation clusters: parks, incubators, accelerators.

Development of digital skills, especially data literacy.

Inclusion of rural youth in political and technological processes.

= Incorporation of Agriculture 4.0 into traditional agricultural policy.

» Public-private R&D programs and collaborative innovation
ecosystems.

= Digital infrastructure, data interoperability, digital culture, and public-
private governance.

= FAIR principles (Findable, Accessible, Interoperable, Reusable) and
protection of farmers® data ownership.

» Initiatives like the American Farm Bureau’s data gumidelnes.

Direct payments, drone and autonomous vehicle regulations, fertilizer and pesticide controls.
Tax reductions and exemptions for emerging technologies.

Open data protocols (Open Ag Data Alliance), internet infrastructure and access policies
Geopolitical conflicts as adoption accelerators (e.g.,: Russia-Ukraine war prompting
technology use in risky or inaccessible areas.

Legal frameworks for human-robot interaction 1n labor-tensive tasks (e.g., pruning,

Figure 3. Political drivers of agriculture 4.0.
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D13 — Institutional and
Human Capacities

Training

Social
Drivers

D15 — Cooperation and
Collaboration Networks

D16 — Practical Demonstrators and
Experimental Projects

D14 — Continuing Education and

+ Essential human capabilities (e.g., organizational competencies for information management, and

digital sovereignty - farmers’ autonomy over data and decision-making)

Integration of traditional and digital knowledge.

Digital literacy as a foundation for inclusion.

Institutional and educational support (e.g., strengthening institutions for practical technology transfer).

* Young farmers as catalysts for adoption.

™ + Intergenerational transfer of digital skills
L + Knowledge dissemination through media and awareness campaigns.
i * Curriculum updates focused on emerging technologies
i
. .

Changes in attitudes and behaviors toward technology.

¢ Increased equity in access to innovations.

» Connections between universities, consulting firms. industry, and farmers.
Promotion of mclusive innovation through collaborative action.
Electronic agricultural extension agents.

Partnerships with emerging companies and startups.

Creation of cooperatives and tech-oriented farming communities.

+ Smart farms and experimental fields for practical testing.

» Tramng m real-world environments to assess returns and feasibility.

« Use of gamification to stimulate interest and participation.

« Risk reduction in adoption through practical evidence.

« Gender differences 1n motivation for technology adoption.

« Constant interaction between farmers and technology in diverse settings.

Figure 4. Social drivers of agriculture 4.0.

D17 - Environmental E
Sustainability and Natural '
Resource Management E

D18 - Monitoring,

Decision Making

Environmental
Drivers

D19 — Pressure for Sustainability
and New Market Demands

D20 — Technological Acceleration
and Resilience to Disruptive Events

"
'
i
Forecasting, and Data-Driven |-+~
]
1
'

+ Adoption of technologies to address agri-food security challenges and environmental pressures.
* Rational use of natural resources and agrochemical inputs (fertilizers, pesticides).

+ Reduction of adverse environmental impacts

+ Protection of human, animal. and plant life.

+ Promotion of social well-being through more sustainable agricultural practices.

* Monitoring, visualization. and forecasting of environmental phenomena in the agri-food system.

* Use of sensors, Al and Big Data to predict pests. diseases, and water needs.
¢ Development of predictive models for sustainable management and productivity maintenance.
* Transition from reactive systems to proactive, predictive, and prescriptive systems.

* Support for data-driven decision making and deeper understanding of the agri-food system.

Increasing consumer demand for more sustainable food

Value added to products with traceability and proof of sustainable practices.
Adoption of technologies to meet Sustamable Development Goals (SDGs).
Generation of sustainability metrics and land value enhancement.
Compliance with environmental and animal welfare regulations.

Technologies as allies in managing unpredictable natural phenomena (droughts. floods).

Shuft 1n perception among decision-makers regarding the role of technology 1 agriculture.
COVID-19 pandemuic as a catalyst for technological adoption 1n the agri-food sector

Accelerated technological advancements, with implementations occurring in months mnstead of years.

Figure 5. Environmental drivers of agriculture 4.0.
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4. Conclusion

The drivers of Agriculture 4.0 technologies in the agri-food system represent a
rapidly growing field of academic research. This study, through a Systematic Literature
Review (SLR), identified and analyzed the primary factors driving the adoption of these
technologies. The results provide a comprehensive understanding of the key drivers,
which are categorized into five clusters: technological, economic, social, political, and
environmental. Among these, the social cluster emerged as the most significant, followed
by technological, political, economic, and environmental factors. This research highlights
the importance of these drivers in shaping the adoption of Agriculture 4.0 technologies at
global, national, and local levels. It offers valuable insights for policymakers, private
investors, and industry stakeholders, helping to inform decisions and strategies aimed at
accelerating the widespread adoption of these technologies. The findings contribute to
the theoretical understanding of the agri-food system’s transformation and its role in the
sustainable development of global food systems.
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