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Abstract 

 

The article looks at the challenges and solutions for data privacy in agriculture. The use of advanced technologies in 

agriculture, such as sensors, IoT, data analytics, and AI, has brought several benefits to the industry. However, protecting 

sensitive data is a significant challenge in using these technologies, especially in the agricultural sector, where personal 

and business data, such as agricultural production and financial and customer information, can be vulnerable to theft or 

misuse. The article discusses solutions for data protection in agriculture, including data encryption, zero-knowledge 

proofs, decentralized identities, multi-party computing, and homomorphic encryption. The article also highlights the 

importance of compliance with GDPR and other data protection regulations. Protecting sensitive data in agriculture is 

essential as modern farming relies heavily on technology for decision-making and management. This paper proposes an 

ideal approach to secure data by deploying advanced weather-resistant computing systems designed to operate under 

harsh conditions while employing sophisticated cryptographic techniques. Although constrained by current technological 

limitations, the ideal implementation of these systems offers numerous advantages, such as improved data protection, 

enhanced data availability, facilitation of collaborative farming practices, and potential integration with IoT devices. 

Further research and development in this area could lead to significant advancements in agricultural technology and data 

security, making the proposed solution a model for future efforts. 
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Agriculture has undergone a major digital 

transformation in recent years, with the increasingly 

widespread use of advanced technologies such as 

sensors, the Internet of Things (IoT), data analytics, 

and artificial intelligence (AI) (Shabbir J. et al, 

2015). These technologies can offer a wide range of 

benefits, from increasing crop yields and improving 

the efficiency of agricultural operations to reducing 

environmental impact. However, a significant 

challenge in using these technologies is protecting 

sensitive data. Agriculture relies on a large amount 

of personal and commercial data, such as 

information on agricultural production, finances, 

and customers, which can be vulnerable to theft or 

misuse. In addition, data about soil and crops, which 

can be considered a competitive advantage for a 

farmer or agricultural company, can be just as 

vulnerable to breaches of confidentiality.  

In this article, we will focus on the data 

privacy challenges in agriculture and the solutions 

available for protecting this data. Specifically, we 

will discuss the collection and storage of data in 
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agriculture, the risks associated with breaching data 

privacy, and regulations governing data protection 

and user rights (Alboaie S. et al, 2022; Alboaie L., 

2017). We will also explore the technologies and 

solutions available for protecting data in agriculture 

and provide relevant case studies and examples of 

best practices. Moreover, our analysis suggests that 

an ideal solution would involve farmers controlling 

the computing systems, at least for key management 

in the case of using cloud resources. Generally, for 

optimal privacy, it would be ideal for the hardware 

to be locally controlled by the farmers and able to 

function without internet access. These computers 

could be small IoT devices or systems that manage 

data (in databases). This article proposes 

improvements and specific features for this 

imagined hardware as the ideal solution. This article 

explores potential improvements and specific 

features for this envisioned hardware, treating it as 

the ideal solution for agricultural data security. 

Some of the proposed enhancements may include 

advanced weather-resistant materials and design, 
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robust encryption and authentication methods, and 

user-friendly interfaces tailored to the needs of 

farmers. By focusing on these characteristics, we 

aim to provide a comprehensive blueprint for future 

development in this area, ultimately contributing to 

advancing agricultural technology and data 

protection. 

 

MATERIAL AND METHOD 

 
Data protection is a critical issue in business, 

especially regarding sensitive data (Alboaie S. et al, 
2022). In business, sensitive data can include 
information about customers, employees, business 

partners and owners. This data can include 
sensitive information such as names, addresses, 
phone numbers and emails, identification 
information, and financial and business information. 
In addition, companies collect and store data about 

employees, including information on income, 
benefits, and performance. 

Regarding agriculture, data collection and 
storage are essential to increase crop yields and 

improve the efficiency of agricultural operations. 
However, the risks associated with data privacy 
(Ferris J., 2017)  breaches are just as significant in 

agriculture. The data collected can include 
information about agricultural production, soil, 

crops, and financial and business information. This 
data can be vulnerable to theft, unauthorised use, 
or destruction, negatively affecting farm owners or 
agricultural producers.  

In addition, the risks of breaching data 
privacy can be significant in agriculture because the 
data collected and stored in this sector is often 
sensitive and unique to each farm or agricultural 
producer. However, technologies and solutions are 

available to protect this data, including data 
encryption and other data security techniques, 
developing secure data collection and storage 
platforms, and employee training to prevent data 

privacy breaches. Data protection is an important 
concern for business and agriculture, as the 
sensitive data of customers, employees, and 
business partners is essential to business success 

and must be protected. Additionally, the data 
collected in agriculture is important for increasing 
crop yields and improving the efficiency of 
agricultural operations but must be protected from 
risks such as theft and unauthorised use. 

According to a report by the United Nations 
Conference on Trade and Development (UNCTAD), 
137 out of 194 countries have implemented 
legislation to secure data protection and privacy 

(UNCTAD, 2023). The EU General Data Protection 
Regulation (GDPR) (Wilgenbusch J. et al, 2021) is 
also an important regulation that provides data 
protection. The European Data Protection Board 
(EDPB) has published guidelines on data subject 

rights, including the right of access (EDPB, 2022). 
GDPR (General Data Protection Regulation) is a 

European Union (GDPR, 2016) law that regulates 

the protection of the personal data of EU citizens. 
This law applies to all organisations that collect and 
store the personal data of EU citizens, regardless of 
the organisation's location. Agriculture is no 

exception and must comply with GDPR regarding 
the personal data of farmers, employees, and 
customers. 

The implications of GDPR (Wilgenbusch J. et 

al, 2021) in agriculture include the responsibility to 
protect personal data and to ensure that data is 
stored securely and used in compliance with 
regulations. This can be a disadvantage for 
agricultural producers, as data regarding 

production, soil, and crops may be important for 
managing their business and improving the 
efficiency of agricultural operations. However, there 
are ways to collect and use data in compliance with 

GDPR so that agricultural producers can take 
advantage of the benefits of technology without 
compromising data privacy. 

 

RESULTS AND DISCUSSIONS  

 

Data protection has become a critical issue in 

agriculture. The sensitive data collected and stored 

in this sector is vulnerable to risks such as theft, 

unauthorised use, or destruction. To address these 

risks, various technical measures have been 

developed to protect data, including data 

encryption, zero-knowledge proofs, decentralised 

identities, multi-party computation, and 

homomorphic encryption. Data encryption 

(Saikumar I., 2017) is a cryptographic technique 

that converts data into an unreadable format, so 

unauthorised users cannot read it. Encryption can be 

used to protect stored and transferred data. Various 

encryption methods are available, including 

symmetric-key encryption, asymmetric-key 

encryption, and hashing (Alboaie S., Cosovan D., 

2017). While encryption is a useful tool for 

protecting data, it can also introduce performance 

overhead and may only be suitable for some use 

cases. 

Zero-knowledge proofs (Zkps) (Bączkowski 

A., 2022) are cryptographic techniques used to 

prove the authenticity of data without revealing the 

data itself. Using this technique, two parties can 

confirm the validity of a statement without 

revealing any additional information apart from the 

statement itself. Zero-knowledge proofs can be used 

to ensure that data is authentic without revealing the 

data itself, which can be useful for data privacy.  

Decentralised identities (W3C, 2022)  are a privacy-

enhancing technology that allows individuals to 

control their digital identity without needing a 

central authority. Users can authenticate themselves 

using decentralised identities and access services 

without revealing personal information. This can 
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help protect data privacy while still enabling access 

to services.  Multi-party computation (Damgård I. et 

al, 2012) is a cryptographic technique that allows 

multiple parties to jointly compute a function on 

their private data without revealing their data to 

each other. This technique is useful for collaborative 

data analysis while preserving data privacy. Multi-

party computation can be used to enable data 

sharing between multiple parties while still 

preserving data privacy.  Homomorphic encryption 

(Damgård I. et al, 2012) is a cryptographic 

technique that allows computation on encrypted 

data without first decrypting it. This technique can 

protect sensitive data while still allowing data 

analysis and computation. Homomorphic 

encryption can be useful for protecting data privacy 

in applications where data analysis is necessary. 

Data protection (Alboaie S., Cosovan D., 

2017; Alboaie L., 2017) is a critical issue in 

agriculture, and various technical measures have 

been developed to protect sensitive data. Each 

measure has advantages and disadvantages and 

should be selected based on the use case. 

Organisations can protect their data from theft, 

unauthorised use, or destruction by implementing 

these technical measures while enabling data 

analysis and collaboration. 

Weather and shock-resistant hardware 

require robust materials, protective enclosures, and 

specific design features to withstand harsh 

environmental conditions, such as extreme 

temperatures, moisture, and physical stress. 

However, integrating these protective elements 

while accommodating the computational demands 

of advanced cryptographic techniques can be a 

complex task. 

This chapter addresses the tension between 

advanced cryptography and hardware constraints 

(Mustafa G. et al, 2018), which is essential for 

developing effective weather and shock-resistant 

computing systems that can ensure the security and 

privacy of agricultural data in challenging 

environments. 

OpenDSU technology (Ursache C. et al, 

2022; OpenDSU, 2023) is a decentralised identity 

and access management platform that enables the 

creation of Digital Trust Ecosystems in agriculture. 

The technology integrates various data protection 

solutions such as encryption, zero-knowledge 

proofs, decentralised identities, multi-party 

computation, and homomorphic encryption. Digital 

Trust Ecosystems provide a secure and trustworthy 

environment that facilitates data sharing between 

stakeholders without compromising data privacy or 

security. Two case studies demonstrate OpenDSU 

technology's effectiveness in managing livestock 

and crop production data. OpenDSU technology  

(Ursache C. et al, 2022; OpenDSU, 2023) provides 

a comprehensive data protection solution that can be 

applied across various sectors, including 

agriculture. In the contemporary agricultural 

landscape, data protection is paramount. With the 

increasing reliance on technology for farm 

management and decision-making processes, 

securing sensitive data and maintaining its integrity 

is crucial. In light of current technological 

limitations, the ideal approach is deploying 

advanced weather-resistant computing systems 

capable of enduring harsh conditions while 

employing sophisticated cryptographic techniques 

to safeguard data access. 

The proposed weather-resistant computing 

systems would be specifically designed to operate 

under challenging environmental conditions often 

encountered in agricultural settings. These systems 

would be built with materials capable of 

withstanding high temperatures, water-resistant 

enclosures, and rugged design features to resist 

physical shocks, vibrations, and other forms of 

mechanical stress. Computers constructed with 

these characteristics can be installed in various 

locations on the field or farm, ensuring continuous 

data collection and processing even in adverse 

conditions. 

To safeguard sensitive agricultural data, 

advanced cryptographic methods will be integrated 

into weather-resistant computing systems. 

Techniques like Public Key Cryptography, Zero-

Knowledge Proofs, and Secure Multi-Party 

Computation ensure secure data access and sharing. 

Designing hardware that balances these 

computational demands with resilience against 

harsh conditions requires careful consideration of 

factors like heat dissipation, energy consumption, 

and component placement, as well as innovative 

materials and efficient algorithms. 

The ideal implementation of these weather-

resistant computing systems with advanced 

cryptographic techniques would provide numerous 

advantages for the agricultural sector, such as 

improved data protection, enhanced data 

availability, facilitation of collaborative farming 

practices, and potential integration with IoT devices 

(Torky M. et al, 2020) for comprehensive farm 

management. Although realising this ideal approach 

is constrained by current technological limitations, 

further research and development could lead to 

significant advancements in agricultural technology 

and data security. Considering the potential benefits 

and applications, the proposed solution is a model 

for future efforts to enhance data protection in 

agriculture. 
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CONCLUSIONS 

 

Data protection is a critical issue in 

agriculture, and the sensitive data collected and 

stored in this sector is vulnerable to risks such as 

theft, unauthorised use, or destruction. To address 

these risks, various technical measures have been 

developed to protect data, including data 

encryption, zero-knowledge proofs, decentralised 

identities, multi-party computation, and 

homomorphic encryption. Technical measures 

protect data from unauthorized access while 

enabling analysis and collaboration. Organizations 

must evaluate and select suitable data protection 

solutions to maintain security, privacy, and trust. 

Implementing advanced weather-resistant 

computing systems with cryptographic techniques 

can enhance agricultural data protection. Despite 

current technological limitations, this approach 

highlights the potential benefits and applications 

that could be achieved with continued research and 

development. By considering the advantages of 

improved data protection, enhanced data 

availability, collaborative farming practices 

facilitation, and potential IoT device integration 

(Torky M. et al, 2020), the proposed solution is a 

valuable model for future efforts to bolster data 

security and overall farm management in the 

agricultural sector. 
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