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ABSTRACT

The growing demand for safe, transparent, and sustainable food
supply chain has highlighted the limitations of traditional
traceability systems in agriculture. Conventional approaches
often face challenges such as data tampering, lack of trust
among stakeholders, and inefficient record keeping.
Blockchain provides a decentralized and tamper-resistant
platform that can address these issues by ensuring secure data
storage, transparency and real time tracking of agriculture
products from farm to consumer. This paper explores the
integration of blockchain for agriculture traceability, focusing
on how distributed ledgers, smart contracts and cryptographic
mechanism enhance accountability and trust among farmers,
distributors, retailers and consumers. By enabling immutable
records of production, processing and logistics, blockchain not
only improves food safety and quality assurance but also
strengthens consumer confidence and market competitiveness.
In addition, it ensuring quality control at every stage. It also
helps in reducing food fraud, counterfeit labeling and
unauthorized modifications which are major risks in
conventional systems. The technology further empowers small-
scale farmers by providing them with transparent market
access, fair trade opportunities and reliable digital identities.
Moreover, blockchain-based systems support regulatory
compliance by providing auditable and tamper-proof records
for government authorities and certification bodies. The study
also examines potential challenges such as scalability,
interoperability, adaption barriers, energy consumption and the
need for stakeholder awareness and training, while highlighting
future opportunities for building more resilient, equitable, and
sustainable agri-food ecosystems.
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1. INTRODUCTION

Agriculture plays a crucial role in ensuring food security,
supporting livelihoods, and contributing to economic growth
worldwide. However, the modern agriculture supply chain
faces numerous challenges, including product adulteration,
inefficient record -keeping, lack of transparency, and difficulty
in verifying the authenticity of produce. Traditional traceability
methods, often relying on manual documentation or centralized
databases, are prone to errors, data manipulation, limited
accessibility among stakeholders. These challenges not only
compromise food safety and quality but also affect consumer
trust and the market value of agriculture products.

Blockchain technology has emerged as a transformative
solution capable of addressing these issues by providing a
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decentralized, secure and transparent system for tracking
agriculture products from farm to fork. Using distributed
ledgers, blockchain ensures that each transaction — covering
production, processing, storage, transportation and retail — is
permanently recorded and verifiable. Smart contracts further
automate key processes such as quality verification, payment
settlements and regulatory compliance, while cryptographic
mechanisms guarantee data integrity and prevent tampering.
Blockchain empowers small-scale farmers and suppliers by
providing fair access to markets, enabling traceable
certification and promoting transparency in pricing and trade.
By fostering accountability and trust among all participants,
blockchain-based traceability supports sustainable agricultural
practices, strengthen consumer confidence and overall supply
chain resilience.

Another advantage is its ability to empower farmers and small
producers. By using blockchain-based systems, farmers can
directly connect with markets, obtain fair pricing and reduce
exploitation by intermediaries. Digital identities and
transparent records also help them build credibility and secure
financial services such as loans and insurance. For consumers,
blockchain provides instant access to trusted information on
product origin, farming practices, and sustainability measures
thus increasing confidence in food choices. Despite its
potential, challenges such as high implementation costs,
scalability, interoperability with existing systems and the need
for stakeholder awareness remain significant. Addressing these
challenges through innovative frameworks, capacity building
and supportive policies can pave the way for a robust,
transparent and sustainable agricultural ecosystem.

2. LITERATURE SURVEY

The increasing complexity of global agricultural supply chain
has motivated researchers to explore blockchain as a tool for
achieving transparency, efficiency and accountability.
Traditional centralized systems are limited in their ability to
prevent fraud, ensure data integrity and provide real time
product tracking, leading to the need for decentralized solutions
(Kamilaris et al., 2019) [1]. Tian (2017) [2] introduced one of
the earliest models of blockchain based food traceability by
combining Internet of Things (IoT) technologies with
distributes ledgers.

The study demonstrated that blockchain can minimize data
manipulation and improve the authenticity of product records.
Following this, Francisco and Swanson (2018) [3] highlighted
blockchain’s potential for improving supply chain coordination
and reducing information asymmetry among stakeholders.
Feng. Wang and Duan (2020) [4] analyzed blockchain
application in agriculture supply chains and found the
technology enhances trust and reduces transaction costs by
ensuring tamper-proof and auditable records. Another study by
Bai, Sarkis, and Dou (2020) [8] explored blockchain in the
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context of sustainable supply chains and reported that
blockchain not only strengthens traceability but also
contributes to sustainability by reducing waste and promoting
fair trade practices. From the consumer perspective, Kumar,
Liu, and Shan (2021) revealed that blockchain-based
traceability systems improve customer confidence by enabling
real-time access to reliable product information.

Similarly, Behnke and Janssen (2020) [5] examined agri-food
chains and found that blockchain increases efficiency in recall
management, reduces fraud, and provides long-term strategic
value for firms. Despite these advantages, challenges remain.
Treiblmaier (2018) [7] pointed out the issues of scalability,
interoperability, and high implementation costs, especially in
rural agricultural regions. Moreover, Lin et al. (2021) [6]
emphasized that regulatory frameworks and farmer awareness
are crucial factors in the successful adoption of blockchain in
agriculture.

Overall, the literature suggests that blockchain can
revolutionize agricultural supply chains by ensuring
transparency, food safety, and sustainability. However,
successful adoption depends on overcoming technological,
financial, and institutional barriers.

3. PROBLEM STATEMENT

The agricultural supply chain is highly complex, involving
multiple stakeholders such as farmers, distributors, processors,
retailers, and consumers. Ensuring transparency, authenticity,
and quality of agricultural products remains a major challenge
in conventional systems. Traditional traceability methods often
rely on centralized databases or manual documentation, which
are vulnerable to data manipulation, inefficient record-keeping,
and limited accessibility. These weaknesses result in frequent
issues such as counterfeit labelling, food fraud, adulteration,
and lack of trust among stakeholders. Moreover, consumers are
increasingly demanding reliable information on product origin,
farming practices, and sustainability measures, which
traditional systems fail to provide.

Small-scale farmers, in particular, face barriers in accessing
transparent markets, fair trade opportunities, and digital records
to prove authenticity. At the regulatory level, compliance
monitoring is also hindered by the lack of auditable and
trustworthy data. These challenges collectively highlight the
urgent need for an innovative framework that not only ensures
secure and verifiable traceability but also strengthens
stakeholder trust across the agricultural supply chain.

The central research questions are:

e  How can blockchain technology be integrated into
agricultural supply chains to ensure transparent,
tamper-proof, and reliable traceability of products?

e To what extent can blockchain enhance consumer
trust, food safety, and market competitiveness while
supporting smallholder farmers and regulatory
compliance?

The key challenges in designing such a system include:

e  Ensuring scalability to handle large volumes of
agricultural data across diverse supply chains.

e Achieving interoperability with existing agricultural
and logistics systems.

e  Overcoming adoption barriers due to lack of
awareness, training, and infrastructure.

e Addressing energy consumption and cost issues
associated with blockchain deployment.
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e  Providing user-friendly platforms for farmers and
consumers with varying levels of digital literacy.

Main  Objectives of  Blockchain-Based  Agricultural
Traceability System:

To design a secure, transparent, and tamper-proof traceability
framework for agricultural products using blockchain
technology, ensuring food safety, consumer trust, and improved
market competitiveness while supporting smallholder farmers
and regulatory compliance.

e  Record every stage of the supply chain (production,
processing, storage, and distribution) on a blockchain
to ensure immutability and trustworthiness of data.

e  Enable real-time tracking of agricultural products
from farm to consumer through distributed ledgers
and smart contracts.

e Prevent food fraud, counterfeit labeling, and data
manipulation by maintaining tamper-proof and
auditable records.

e  Empower farmers, especially smallholders, with fair
trade opportunities, digital identities, and transparent
market access.

e  Provide consumers with trusted information about
product origin, quality, and sustainability practices.

e  Facilitate compliance with government and
certification standards by offering verifiable and
casily accessible records.

e  Ensure scalability, interoperability, and user-friendly
design to support wide adoption across diverse
agricultural ecosystems.

4. METHODOLOGIES
4.1 Problem Definition and Requirement

Analysis

The main objective of this phase is to identify the gaps in the
current agricultural system where data can easily be lost or
manipulated. A detailed analysis is carried out to understand the
requirements of farmers, distributors, and consumers. Security
measures are planned to prevent unauthorized access to
agricultural data. The system also aims to improve trust and
efficiency among stakeholders by providing a transparent
record of every transaction. This phase forms the foundation for
the system’s design and implementation.

4.2 Data Collection and Preprocessing

In this phase, all necessary data related to farming activities,
product details, and supply chain events are gathered. Each data
entry is verified for correctness and formatted uniformly.
Preprocessing also removes any duplicate or invalid entries to
ensure reliability. Once refined, the data is linked with unique
blockchain identifiers using hash codes. This allows every
agricultural product to be easily traced from production to
delivery, improving visibility and reducing the chances of fraud
or mislabeling.

4.3 Blockchain Model Selection and Smart

Contract Development

This step involves selecting the most suitable blockchain
technology that ensures secure, efficient, and transparent data
handling. Smart contracts are developed to automate operations
like data validation, product registration, and ownership
transfer. These contracts reduce human involvement and errors
while ensuring that every transaction follows the defined
business logic. The blockchain’s immutability guarantees that
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all records remain permanent and tamper-proof, thus building
trust among all supply chain participants.

4.4 System Design and Development

The system is designed with a modular approach for better
maintenance and scalability. Each user type—farmer, admin,
and consumer—has a specific dashboard and access rights. The
backend is designed to handle all blockchain transactions,
while the frontend offers a simple interface for data input and
tracking. The overall design focuses on user convenience,
security, and performance. Java and related frameworks are
used to build a robust and responsive application that connects
efficiently with the blockchain.

4.5 Implementation and Testing

The system is implemented in a real-time environment where
data is stored and transactions are processed through
blockchain nodes. Each component of the application is tested
separately and then integrated to ensure smooth functionality.
Testing helps identify bugs, improve performance, and validate
that the system meets all functional requirements. Data
integrity, transaction speed, and network stability are closely
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monitored during this phase to ensure a reliable and tamper
proof platform.

4.6 Deployment and Monitoring

Once testing is completed, the system is deployed for real users
in the agricultural supply chain. Stakeholders like farmers,
suppliers, and customers can now use the platform to record
and verify transactions. After deployment, the system is
regularly monitored to identify potential issues and areas for
improvement. Continuous updates and feedback integration
ensure that the platform remains efficient, secure, and adaptable
to future technological advancements.

This system architecture (fig 4.1) represents a blockchain-
based traceability platform where three key roles interact. The
admin oversees the entire system by authorizing users and data
owners, adding and managing categories, and tracking product
sales with blockchain. The Data Owner is responsible for
registering, logging in, adding products, and managing their
own product-related activities. The User registers and logs in
to search, purchase, view bills.

Admin
login, authorize users and owners,
add categories

A
Authorize
A
Data owner Product Blockchain Purchase and End user
: : ) Ll ”i L. i B
register, login and add products info Traceability on products »  register, login, search and
Prduct info purchase products

Store/ Retrieve

Fig 4.1. System Architecture

Data Flow Chart:
The flow chart (Figure 4.2) explains that

1. The admin manages the system by authorizing users
and data owners while monitoring all activities for
transparency.

2. The User registers, logs in, and searches agricultural
products to verify authenticity and trace their source.

3. The Data Owner uploads and updates product details
on the blockchain, ensuring accuracy and secure data
sharing
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Authorize Users
Authorize Data
Owners
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Request
Request
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Register & Login
My Profile View Product Search History
Add Producls Manage Bank Account View Pu.rchased Products L|51.
View My Products My Purchased Products Trace & View Sales by Elockchain
View My Products Purchased View All Purchazed Products & Users
Search Products & Purchase
End User
Response

view total bill on all purchased
products, View product rank resuits

Fig 4.2 Data Flow Diagram

S. FINDINGS

The developed “Blockchain-Powered Traceability for Safe and
Transparent Agriculture” effectively ensures transparency,
authenticity, and data security across every stage of the
agricultural supply chain. The system records essential details
such as product information, farmer data, processing stages,
and delivery status using blockchain technology, which
prevents unauthorized data modification. Each transaction in
the system is secured with a unique 40-character hash code
generated using hashing algorithm, ensuring data integrity and
immutability. During testing, the system successfully generated
a unique hash for each recorded transaction, providing a secure
and verifiable digital signature. Once the information is added
to the blockchain, it cannot be altered or deleted, which
guarantees permanent and tamper-proof storage. The
blockchain ledger also allows multiple participants — such as
farmers, distributors, and consumers — to access and verify the
same data, thereby increasing transparency and building trust
throughout the product journey.

The system demonstrated high efficiency and reliability, with
all transactions verified instantly and without errors. Each
record was validated within seconds, proving the system’s
ability to handle multiple entries simultaneously. By
implementing this traceability model, the risk of counterfeit or
fraudulent agricultural products was significantly reduced,
helping consumers verify the authenticity and origin of their
purchases.

Hash Code Generation in Blockchain:

Each transaction is secured through a 40-character
alphanumeric hash code generated by the hash algorithm.

Process Steps:
e Input: Product category details

e  Hashing: The hash function converts this data into a
fixed 40-character hash.

e OQutput: A unique hash code that serves as the digital
fingerprint for that transaction.

Example:

If a product has uploaded to each category

the generated hash may look like:
d4£5a9e81c372b513e92a40bc7158de11b06ct8a

5.1 Experimental analysis

The experimental analysis was carried out to evaluate the
efficiency, accuracy, and reliability of the proposed blockchain-
based traceability system for agricultural products. The system
was tested using sample data that included farmer details,
product information, transportation records, and storage points.
Each record was converted into a unique hash code and stored
securely in the blockchain, ensuring that data could not be
modified or deleted. During testing, various operations such as
data uploading, transaction verification, and information
retrieval were performed to measure system performance. The
blockchain network successfully validated all transactions and
created tamper-proof blocks in real time. The average time
taken for block creation and data retrieval was minimal,
confirming that the system operates efficiently under typical
agricultural data loads.
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Table 5.1.1 Performance analysis of the system

Experiment type | Parameter Tested | Expected Observed outcome | Remarks

outcome
Data Upload Test | File storage on | Data should | Successfully No data loss occurred

blockchain store securely stored

Hash code | Unique hash | Unique for each | Achieved No duplication detected
generation test creation category
Traceability Product tracking | Full traceability | Achieved Tracking was accurate
function test visibility achieved successfully
Performance System response | Less than 3 | 2.5 seconds Within acceptable range
evaluation time seconds

Based on the analysis of product search and purchase history
(Refer Table 5.1.2), products are ranked according to their
popularity and user engagement. The ranking considers two
key factors — search frequency (how often users look for a
product) and purchase frequency (how often users actually buy
it). Products with higher search counts and purchase rates
receive a higher rank, indicating greater consumer trust and
demand. For instance, a product that has been frequently
searched and purchased consistently ranks at the top, reflecting
both market popularity and traceability reliability. Conversely,
products with fewer searches or purchases receive lower ranks,
suggesting they may require better visibility or trust-building
measures. The ranking system helps farmers and distributors
understand which agricultural products perform best in market,
while consumers benefit from seeing which products are most
trusted and transparent in the supply chain.

Table 5.1.2 Product Details

Product Search Purchase Rank
Name count Count (Search+
Purchase)

Drumstick 4 2 6
Tomato 2 2 4
Carrot 1 1 2
Apple 5 4 9
10

8

6

4

2 I B

0

Drumstick ~ Tomato carrot apple

Fig 5.1.3 Product rank based on given data
6. DISCUSSION

The results of this study demonstrate that a blockchain-based
traceability system can effectively record, verify, and track
agricultural product information throughout the entire supply
chain. The proposed system ensures secure data storage using
SHA-1 hash generation, producing a unique 40-character
identifier for every transaction. This mechanism prevents data

tampering and ensures that all supply-chain activities — from
farmers to distributors — remain transparent and verifiable.

During testing, the system achieved high data integrity and
rapid transaction validation, ensuring that information could be
retrieved quickly without compromising security. It
successfully maintained the immutability of stored records and
provided accurate tracking details even when multiple users
accessed the system simultaneously. The findings highlight the
reliability of blockchain technology in reducing fraud,
improving accountability, and strengthening consumer trust in
product authenticity.

Beyond security and transparency, blockchain also provides
operational benefits. For instance, the immutability of records
simplifies audit processes and allows quick identification of
discrepancies or defective products. This can significantly
improve recall management, reduce losses, and ensure
regulatory compliance. Additionally, the system has the
potential to streamline reporting procedures, reduce manual
errors, and lower transaction costs over time.

However, the adoption of blockchain in agriculture faces
challenges. Initial implementation requires investment in
hardware, software, and training, which may be a barrier for

small-scale farmers. Interoperability between different
platforms and supply chain participants remains a critical
concern. Furthermore, regulatory and institutional support is
necessary to standardize blockchain use and ensure widespread
adoption. Future research could explore integrating blockchain
with IoT devices, smart contracts, and machine learning
algorithms to further automate data collection, enhance
scalability, and enable predictive analytics in supply chains.

Overall, the study confirms that blockchain-based traceability
systems can improve transparency, security, and efficiency in
agricultural supply chains. With proper implementation, these
systems have the potential to reduce fraud, enhance
sustainability, and increase consumer trust while providing
long-term operational benefits to all stakeholders.

Furthermore, the study indicates that integrating blockchain
technology in agriculture can streamline operations, reduce
errors, and enable real-time monitoring of products from farm
to market.

7. CONCLUSION

This study demonstrates that a blockchain-based traceability
system offers a secure, transparent, and decentralized approach
to managing agricultural data. Unlike traditional centralized
systems, it ensures that each product record is immutable and
verifiable throughout its journey from farm to consumer. By
improving data accuracy, enabling real-time product tracking,
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and preventing counterfeit practices, the system strengthens
trust and efficiency across the supply chain. Additionally, it
supports the digital transformation of agriculture while
empowering both farmers and consumers to make informed
decisions.

The system also enhances supply chain resilience by allowing
rapid identification and resolution of issues such as recalls,
contamination, or delays. Its transparency fosters regulatory
compliance, accountability, and sustainable practices,
ultimately improving consumer confidence and promoting
high-quality agricultural products.

Future Enhancements could include:

e Integration of IoT sensors to monitor environmental
conditions and crop quality in real time.

e  Application of Al and machine learning to predict
risks, optimize supply-chain decisions, and improve
operational efficiency.

e Development of user-friendly mobile and web
interfaces for farmers, distributors, and consumers to
access reliable data easily.

e  Multi-chain interoperability to connect with other
blockchain networks and expand traceability
coverage.

e Implementation of smart contracts to automate
payments, quality checks, and compliance
procedures.

e Creation of lightweight blockchain solutions to
reduce energy use and enable participation from
small-scale farmers.

In conclusion, this research presents a practical and scalable
framework for agricultural traceability that enhances
transparency, reduces food fraud, and contributes to global food
security. By integrating blockchain with emerging
technologies, the system has the potential to transform
agricultural data management, ensuring secure, traceable, and
efficient farming processes that benefit producers, consumers,
and the broader food ecosystem.
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