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Abstract 
The rapid proliferation of digital agriculture, encompassing precision farming, Internet 
of Things (IoT) sensors, and artificial intelligence (AI), has transformed agricultural 
production into a data-intensive enterprise. While these technologies promise 
enhanced sustainability and productivity, they generate vast amounts of sensitive data, 
raising critical concerns regarding ownership, privacy, and control—collectively 
termed data sovereignty. This article examines the urgent need for robust ethical and 
governance models to manage agricultural data responsibly. The aim is to analyze and 
propose frameworks that safeguard stakeholder rights, particularly those of farmers, 
within the digital ecosystem. The study delves into core ethical principles such as 
fairness, transparency, accountability, and informed consent, which must underpin 
data collection and usage. It further evaluates governance structures, including 
technical standards, access control mechanisms, and policy instruments at national and 
international levels, designed to enforce data sovereignty and security. Key 
applications in responsible data management are discussed, focusing on secure 
precision agriculture operations, trustworthy AI decision-support systems, and 
equitable value-sharing models. The conclusion underscores that integrating these 
ethical and governance frameworks is not merely a regulatory compliance issue but a 
foundational prerequisite for achieving sustainable, equitable, and socially acceptable 
digital transformation in agriculture. Ensuring farmer-centric data governance is 
essential for fostering trust, encouraging adoption, and realizing the long-term 
sustainability benefits of digital farming technologies. 
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Introduction 

Importance of data in digital agriculture 

Digital agriculture represents a paradigm shift, leveraging data from satellites, drones, in-field sensors, and farm machinery to 

optimize decision-making. This data-driven approach enables precise resource management, predicts yields, detects pests and 

diseases early, and enhances supply chain transparency [4, 5]. The economic and environmental potential is significant, promising 

reduced input use, increased resilience, and improved profitability. Consequently, agricultural data has become a highly valuable 

asset, central to innovation and competitive advantage. 

 

Risks of data misuse and challenges to sovereignty 

However, this datafication introduces profound risks. Data generated on-farm often flows to multiple third-party actors, 

including technology providers, agribusinesses, insurers, and financial institutions, creating complex data ecosystems. Questions 

of who owns the data, who can access it, for what purposes, and who derives economic benefit remain largely unresolved [6, 7]. 
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Farmers, particularly smallholders, risk becoming mere data 

subjects rather than data owners, potentially facing 

disadvantages in markets, loss of privacy, and increased 

vulnerability to surveillance and exploitative contracts. This 

erosion of control is the core challenge to data sovereignty—

the principle that stakeholders, including nations and 

individuals, should have authority over their digital 

information [8]. 

 

Scope of the article 

This article focuses strictly on the ethical, legal, and 

governance frameworks necessary to ensure data 

sovereignty, privacy, and security within digital agriculture. 

It avoids tangential technological domains to concentrate on 

the policy and structural mechanisms required for responsible 

data stewardship. The scope encompasses the analysis of 

ethical principles, the design of governance models, their 

practical application in digital farming systems, and an 

examination of persistent challenges and future directions. 

 

Ethical Principles and Frameworks 

Fairness, transparency, accountability, and privacy 

An ethical foundation for digital agriculture must be built 

upon established principles. Fairness requires equitable 

treatment of all stakeholders, preventing data misuse that 

could lead to unfair market manipulation or discrimination 

against certain farmers [9]. Transparency is crucial; data 

practices, including collection methods, algorithms used for 

analysis, and data-sharing agreements, must be clear and 

understandable to farmers [10]. Accountability mandates that 

entities handling agricultural data are responsible for their 

actions and for remedying harms caused by data breaches or 

misuse. Privacy, a subset of data sovereignty, protects 

personally identifiable information and sensitive farm 

operations from unauthorized access [11]. 

 

Consent mechanisms and farmer-centric approaches 

Informed, specific, and dynamic consent is a cornerstone of 

ethical data collection. Moving beyond simplistic "click-

wrap" agreements, ethical frameworks advocate for granular 

consent mechanisms that allow farmers to choose what data 

is shared, with whom, for what duration, and for what specific 

purposes [12, 13]. Farmer-centric approaches position the 

farmer as the primary rights-holder of data generated from 

their assets and operations. This empowers them to negotiate 

data-sharing terms and participate in value creation, aligning 

with the concept of agency in data governance [14]. 

 

Standards for responsible data collection 

Operationalizing these principles requires technical and 

procedural standards. Data minimization (collecting only 

what is necessary), purpose limitation (using data only for 

specified reasons), and data security-by-design are critical 

standards [15]. Ethical frameworks also promote interoperability 

standards that allow data portability, enabling farmers to 

switch service providers without losing access to their 

historical data, thus reducing vendor lock-in and fostering 

competition [16].

 
Table 1: Key principles and standards for ethical data governance in agriculture 

 

Principle Core Tenet Operational Standard/Manifestation 

Fairness Equitable treatment and benefit-sharing Anti-discrimination clauses in contracts; equitable value distribution models. 

Transparency Clear, understandable data practices Readable privacy policies; explainable AI (XAI) for algorithms; open data catalogs. 

Accountability Responsibility for actions and harms Clear liability frameworks; audit trails for data access and use. 

Privacy Protection from unauthorized intrusion Data anonymization/pseudonymization; robust access controls. 

Consent Informed and specific permission Granular, tiered consent interfaces; dynamic consent management platforms. 

Sovereignty Authority over data Farmer-owned data repositories; clear ownership definitions in law. 

 

Data Sovereignty and Governance Models 

Ownership, storage, and access control 
Governance models translate ethical principles into enforceable 

structures. A primary issue is defining legal ownership of 

complex datasets derived from multiple sources (e.g., farmer-

provided land, manufacturer-provided sensor). Models range 

from recognizing farmers as de facto owners to creating 

formalized data rights or stewardship licenses [17]. 

Technologically, sovereignty can be enhanced through 

federated data storage (where data remains on-farm or within 

a trusted local server) and strict access control protocols 

using authentication and encryption [18]. Data cooperatives or 

trusts are emerging governance models where farmers 

collectively control and manage their data, bargaining from a 

position of strength [19]. 

 

National and international regulatory frameworks 

Policy and regulation are essential backstops. At the national 

level, some countries are enacting agricultural data-specific 

legislation, while others rely on general data protection laws 

(e.g., GDPR in the EU, which applies to personal farm data) 
[20, 21]. These frameworks enforce rights like access, 

rectification, erasure, and portability. International efforts, 

such as the FAO’s Ethics in Digital Agriculture guidelines 

and the OECD’s work on agricultural data, seek to harmonize 

principles, but binding global treaties on data sovereignty are 

absent [22, 23]. Table 3 provides a comparative analysis. 

 

Integration with digital agriculture platforms 

Effective governance must be embedded within the digital 

platforms themselves. This involves designing user interfaces 

that facilitate granular consent, implementing automated 

compliance checks for data processing, and using blockchain 

or other distributed ledger technologies for immutable audit 

trails of data transactions [24, 25]. Governance models must be 

agile enough to integrate with diverse platforms, from simple 

IoT dashboards to complex AI-driven farm management 

systems. 
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Table 2: Data types, ownership rights, and stakeholder responsibilities in digital agriculture 
 

Data Type Exemplary Sources Primary Rights-Holder Key Stakeholder Responsibilities 

Farm Operational 

Data 

Yield maps, planting 

dates, input applications 
Farmer / Farm Operator 

Provide transparent T&Cs; ensure 

secure storage; enable data export. 

Machine-Generated 

Data 

Telematics from tractors, 

combine performance 

Contested 

(Farmer/Manufacturer) 

Clarify ownership via contract; allow 

diagnostic access to farmers. 

Environmental 

Sensing Data 

Soil moisture, satellite 

imagery, weather stations 

May be multi-party (Farmer, 

Service Provider) 

Define licensing agreements; respect 

spatial privacy. 

Derived/Analytic 

Data 

Predictive models, 

prescription maps 

Often Service Provider 

(depends on contract) 

Ensure algorithmic transparency; share 

insights/benefits with data originator. 

 

 
 

Fig 1: Conceptual framework for ethical and governance models in digital agriculture data management 
 

Applications and Implications 

Precision farming, AI, and IoT deployment 
Ethical governance directly impacts the application of core 
technologies. In precision farming, secure data handling 
ensures that variable-rate application maps remain confidential, 
protecting a farmer’s competitive edge. For AI and machine 
learning, ethically sourced and governed training data is vital 
to prevent biased algorithms that could systematically 
disadvantage certain farm types or regions [26]. IoT 
deployments must be designed with security-by-design to 
prevent vulnerabilities that could lead to operational disruption 
or data theft [27]. 

Risk mitigation and sustainable technology adoption 

Robust frameworks mitigate key adoption risks. They 

build trust, which is the single largest factor influencing 

farmer uptake of digital tools [28]. By ensuring privacy and 

fair benefit-sharing, governance models reduce the fear of 

exploitation. This responsible adoption pathway is critical for 

realizing the sustainability benefits of digital agriculture, as it 

encourages widespread use of technologies that optimize 

water, fertilizer, and pesticide use, aligning environmental 

and data ethics [29].

 

 
 

Fig 2: Flow of data collection, ownership, access, and consent mechanisms in precision farming 
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Challenges and Future Perspectives 

Policy gaps, technological limitations, and scalability 
Significant challenges persist. Policy gaps are widespread, 
with many countries lacking specific agricultural data laws, 
creating legal uncertainty [30]. Technologically, achieving true 
interoperability between different vendor platforms remains 
difficult, hindering data portability [31]. Scalability of models 
like data cooperatives is untested, especially in regions with 
limited digital infrastructure. Furthermore, the power asymmetry 
between large agri-tech corporations and individual farmers 
complicates the enforcement of ethical contracts [32]. 

Emerging trends in ethical and secure digital agriculture 

Future trends point towards more sophisticated governance 

tools. The use of smart contracts on blockchains could 

automate consent and value-sharing agreements [33]. Privacy-

enhancing technologies (PETs), such as federated learning 

(where AI models are trained on decentralized data without it 

leaving the farm), offer promising technical solutions to the 

sovereignty-privacy dilemma [34]. There is also a growing 

push for farmer-centric data valuation models to quantify and 

compensate for data contributions [35].

 
Table 3: Comparative analysis of national and international policies on agricultural data sovereignty 

 

Jurisdiction/Initiative Key Focus Strength Limitation 

European Union 

(GDPR) 

Protection of personal data (incl. farm 

operator data) 

Strong individual rights (access, 

erasure, portability); high enforcement. 

Does not specifically address non-

personal farm operational data. 

United States 

(Patchwork) 

State-level initiatives (e.g., Iowa’s SF 

576), industry-led codes (Ag Data 

Transparent) 

Flexibility; promotes innovation. 

Lack of federal law creates 

inconsistency; voluntary codes 

lack enforcement. 

FAO Ethics Guidelines 
Holistic ethical principles for digital 

agriculture 

Comprehensive; globally recognized; 

emphasizes equity. 

Non-binding; requires national 

translation into law/policy. 

Data Cooperatives 

(Model) 

Collective farmer ownership and 

bargaining 

Empowers farmers; reduces asymmetry; 

enables pooled data value. 

Legal structure complex; requires 

high farmer organization and trust. 

 
Table 4: Advantages and limitations of implementing ethical frameworks in digital agriculture systems 

 

Aspect Advantages Limitations / Challenges 

Trust & Adoption 
Increases farmer confidence and willingness to adopt 

digital tools. 

May be perceived as burdensome, slowing initial 

technology rollout. 

Market Equity 
Prevents monopolistic data control; fosters fairer 

competition. 

Powerful incumbents may resist changes that diminish 

their data advantage. 

Innovation Quality 
Ensures AI/analytics are trained on diverse, 

ethically-sourced data, reducing bias. 

Strict consent/data minimization could limit dataset size 

for some research. 

Compliance 
Creates clear rules, reducing long-term legal risk for 

companies. 

Implementation costs (legal, technical) can be high, 

especially for SMEs. 

Sustainability 
Aligns data practices with sustainable development 

goals (SDGs). 

Measuring direct causal link between data governance and 

sustainability outcomes is complex. 

 

Conclusion 

The sustainable future of digital agriculture is inextricably 

linked to responsible data governance. Without ethical 

frameworks and robust governance models that prioritize 

data sovereignty, privacy, and security, the digital 

transformation of agriculture risks exacerbating inequalities, 

eroding trust, and undermining its own sustainability 

potential. This analysis underscores that technical solutions 

alone are insufficient; they must be guided by farmer-centric 

principles of fairness, transparency, and accountability. The 

path forward requires a multi-stakeholder effort: 

policymakers must craft clear and specific regulations, 

technology developers must embed ethical principles into 

system design, and farmers must be empowered as active 

participants in the data value chain. Implementing these 

frameworks is a complex but necessary endeavor to ensure 

that digital agriculture benefits are distributed equitably and 

contribute to a resilient and sustainable global food system. 

 

 
 

Fig 3: Integration of ethical frameworks with digital agriculture platforms and decision-support systems 
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