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Abstract: Blockchain technology's immutable and distributed ledger offers a powerful solution to the challenges of transparency and
trust in traditional supply chains. In the realm of organic food, where verifying authenticity and quality is paramount, block chain
presents a compelling advantage. This project envisions a decentralized system leveraging block chain to establish a certified organic
food supply chain. By recording every transaction and product detail on a secure, tamper-proof ledger, consumers gain unprecedented
visibility into the journey of their food — from farm to table. This eliminates the opacity inherent in conventional systems, where verifying
claims about hygiene and origin can be difficult, if not impossible. The implementation will utilize smart contracts, self-executing
agreements on the block chain, to automate and enforce quality assurance protocols and track product provenance. This significantly
mitigates the risk of data tampering and fraudulent data allocation, bolstering the integrity of the entire supply chain. The outcome is a
system where each product carries a verifiable digital certificate of authenticity and quality. Consumers can confidently access this
information, empowering them to make informed choices. Beyond organic food, this work serves as a blueprint for various industries,
demonstrating how block chain technology can enhance data security, build trust, and improve overall efficiency in their supply chain
operations.
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LINTRODUCTION

The organic food industry increasingly demands robust mechanisms to ensure transparency, traceability, and
authenticity. Traditional agricultural supply chains often suffer from inefficiencies such as data inconsistencies, limited
traceability, and lack of stakeholder trust. To address these challenges, this research introduces an Agri Tech solution based
on decentralized blockchain technology, aimed at enhancing the efficiency and security of organic food supply chains. By
leveraging blockchain’s immutable ledger and smart contracts, the system ensures accurate data recording, automates critical
processes, and fosters trust among stakeholders including farmers, distributors, retailers, and consumers. This innovative
approach underscores the transformative potential of Agri Tech in modernizing agricultural operations and delivering reliable,
tamper-proof systems for supply chain management.

Il. LITERATURE SURVEY
Block chain Technology in Agri Food Supply Chain
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Fig. 1. Traditional Supply Chain
The important food crops that are cultivated in Karnataka are ragi, wheat, sugarcane, rice, cotton, tea, coffee, red gram,
green gram, black gram, jowar, bajra, maize, coconut, etc., Many technical implementations has been brought in the AFSC
and farmers are also ready to welcome them. As the Supply Chain involves many problems like the sudden increase in demand
for a product occur and the producer runs out of stock, Supply Chain management becomes necessary. Al so customer
satisfaction can also be achieved in a better way through Supply Chain Management. Supply Chain which involves all
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processes, flow of goods, information, etc., Fig.1 explains that the people involved in these activities such as producers,
suppliers, distributors and retailers has to work together to supply a product to the consumer satisfying their needs. The
traditional Supply Chain’s traceability is based on centralized systems

like cloud database uses l0T that provides no transparency and leads to security threats, tampering, data loss, etc.,

The main drawbacks of traditional Supply Chain are

1.Food safety cannot be assured at any stages

2.The detailed information about the origin of the product will not be available
3.Failed to provide transparency and traceability

4.Controllability — Life span of

Use of Smart Contracts

A traditional Contract is not efficient for block chain technology. Also, the traditional supply chains consist of large
amount of paper documents which may result in less efficiency during tracking and theft. Block chain can help to overcome
these drawbacks of transparency, efficiency, security and tracking by smart contracts which are automatically activated when
predefined conditions are met. Smart contracts eliminate or drastically reduce the role of intermediaries. But smart contract is
a digital contract that self —executes when predetermined conditions are met [7]. These self-executing code-based contracts
allow agreed upon actions (such as Payments) to occur spontaneously, immediately and without middleman, upon the
satisfaction of the terms of the contract. It is one of the main functions which differentiates Ethereum from other block chains
[2]. For example, a smart contract will release payment to a carrier when the customer confirms their parcel. Smart contract
are special because one can program code that self-executes and no third party is required for it. This helps to reduce lot of
time, efforts and money. And there’s use of anyone to facilitate transactions and also no chance of user errors or frauds.
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Fig. 2. First Block — Genesis Block
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The smart contract is a promise among parties involved in a transaction that holds each party in authority for their role in the
transaction to a traditional contract and ensure that the contract is enforced. Smart contracts improve the transparency,
traceability and effectiveness of a supply chain allowing it to be more agile in strengthening the relationships among the
parties. Each smart contract is assigned with a unique address of 20 bytes. The contract code can never be changed once the
contract is deployed into the blockchain, user can only send a transaction to the contract’s address. This transaction will then
be executed by every consensus node in the network to reach a consensus on its output. There are two types of smart contract,
deterministic and non-deterministic. A deterministic smart contract is when executing it doesn’t require any information from
an external party. A non —deterministic smart contract is a contract that depends on information (database) from an external

party.

Case-Study on block chain Based Agricultural Supply Chain

Several real-world implementations of block chain-based agricultural food supply chain have been examined. Oprea et
al. proposed a conceptual block chain architecture for university elections, demonstrating its usability in academic settings.
Balti et al [3]. Presented a decentralized agri food supply chain system [4], emphasizing its immutability and security features.
These case studies offer valuable insights into the feasibility and adoption of block chain based agri food supply chain.

Security Aspects and Challenges

The research and development activity mainly focuses on tamper-proof and immutable records in turn enables trust and
reliability among untrusted peers within the financial technology. This concept made many sectors to identify block chain
Technology as a platform for model shift. To achieve data reliability, Prov-Chain travel around the use of block chain
Technology in the area of Cloud Storage [6] that verifies validation, storage and collection. It mainly concentrates in the terms
of tamper-proof records and privacy. In same way, smart-contracts helps to achieve secure data origin using Open Provenance
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Model (OPM) that access control-based privacy preserving solution in the case of block chain [6].
Scalability and Performance lIssue

Scalability remains a critical concern for block chain-based Agri food supply chain. Chaudhary et al. examined a
decentralized Agri supply chain integrated with 5G networks [2], proposing solutions to optimize transaction throughput.
Sliusar et al. discussed blockchain technology applications in agricultural food supply chain [5], exploring techniques to handle
high customer-farmer participation efficiently. These studies provide strategies to enhance block chain scalability for
decentralized traceability.

Privacy-Preserving Techniques

Block chain agriculture uses privacy-preserving techniques to protect sensitive data while maintaining transparency.
Key methods include zero-knowledge proofs to verify information without revealing it, holomorphic encryption for secure
data analysis, and ring signatures or stealth addresses to anonymize transactions. Private block chains limit data access, while
off-chain storage with on-chain proofs keeps sensitive information secure. These approaches boost trust, ensure data security,
and support broader adoption.

Accessibility

For block chain food supply chain to be effective, accessibility must be prioritized. These case studies offer valuable
insights into the feasibility and adoption of block chain-based food supply chain technologies. Mahmood et al. proposed an
intelligent gesture enhanced block chain food supply chain system, improving accessibility for individuals like farmer,
distributer, retailer and customer [4]. Balti et al. emphasized user- friendly interfaces to bridge the digital divide in block chain-
based food supply chain. These studies underscore the need for inclusive design to ensure broad farmer and customer participation.

I11. FUTURE RESEARCH ASPECT

3.1 Agriculture block chain Overall Process

The Provider-Consumer Solution provides block chain a most efficient structure of a database having a public ledger
that includes digital information on the products, people, or events that can be accessed or inspected by many users. With
the help of block chain, there is a chance to
e Increase Transparency
e Reduce Error
e Prevents product delays
¢ Eliminate unethical and illegal activities
o Better management
e Increase the trust between consumer and supplier

The customer demands are increasing every day and to meet that we need an improved supply chain. Also, for a better
marketing environment, we can make use of block chain technology in supply chains. The supplier uploads the data about
the food product like its harvested date, price.

The block chain Technology will start to work when the genesis block is created, the details are stored in that and first
transaction made is also added to it. Customers Scan the QR code via app and can view the products details from its origin,
ageing, duration, and expiry and so on.

3.2. Scalabity Solutions and Performance Optimization

Block chain-based decentralized Agri food supply chain must efficiently handle large-scale elections while maintaining
high transaction throughput and security. Future research should explore advanced consensus mechanisms, such as Proof of-
Stake and hybrid blockchain models, to enhance performance. Additionally, Layer-2 scaling solutions, including rollups and
state channels, could significantly improve transaction processing speeds and reduce computational overhead. Exploring
sharding techniques to distribute the Agri food supply chain process across multiple blockchain segments could also enhance
scalability and responsiveness.

3.3. Privacy Preserving Mechanism

Ensuring both customer and farmer anonymity while maintaining transparency is crucial for public trust in blockchain-
based decentralized Agri food supply chain. Zero knowledge proofs and cryptographic commitments have been proposed as
viable solutions, but further advancements are needed to enhance efficiency and reduce computational complexity. Future
research should explore homomorphic encryption techniques that allow verification without revealing any user’s identities.

3.4. Accessibility and Inclusivity

Blockchain decentralized Agri food supply chain must be designed to accommodate all customers and Farners,
including those individuals from underprivileged communities. Research should focus on developing user-friendly interfaces,
integrating QR code authentication, and improving digital identity verification mechanisms. Additionally, Al-driven fraud
detection and accessibility tools should be explored to enhance security and usability for all users. Efforts must also be made
to bridge the digital divide by implementing education programs and ensuring widespread internet access.
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3.5. Cost-Effectiveness And Energy Efficiency

The cost and energy consumption of blockchain-based decentralized Agri food supply chain remain concerns for large-
scale implementation. Future research should focus on optimizing blockchain protocols to reduce energy usage while
maintaining security and efficiency. Exploring energy- efficient consensus mechanisms, such as Proof-of Stake and Delegated
Proof-of-Stake, could significantly reduce the environmental impact of block chain decentralized Agri food supply chain.
Additionally, cost-benefit analyses should be conducted to compare block chain Agri food supply chain with traditional Agri
food supply chain methods to ensure long-term financial feasibility.

3.6. Methodology - Tokens In block chain

The Ethereum Platform is an open-source project that determines with two networks. One is a user account, which
controls in a private key and address. Second is Smart Contract account that is controlled by code which is built inside. The
code is compiled and ran using Ethereum Virtual Machines (EVM), which runs on individual nodes. The interaction between
contracts is called transactions. The transactions update the state of smart contracts allowing the state to be changed and
viewed transparently from interacting with individual smart contracts. On top of Ethereum network the “Provider-Consumer”
Network is built to globally access real- time transaction execution.

The Ethereum ecosystem follows Ethereum Request for Comments (ERC) feedback system among users. ERC — 20 is
a token framework which is used to build digital token on Ethereum network. Provider Consumer exploits the ERC-721
proposal to track and create assets that will provide asset and non-fungible token standard. This standard help in integrating
with Provider-Consumer with current Ethereum Platform.

IV. CONCLUSION

The primary goal is to establish a decentralized system utilizing blockchain technology within the organic food supply
chain. This system aims to ensure both the quality of products and the authenticity of their sources. By leveraging blockchain's
decentralized nature, the project strives to create a transparent and reliable method for tracking organic food from its origin
to the consumer's possession.

The integration of blockchain technology aims to fortify the security of data within the supply chain. By utilizing the
inherent characteristics of blockchain—immutability and decentralization—the project reduces the risk of data tampering and
fraudulent activities.

Smart contracts play a pivotal role in bolstering the security and authenticity of the supply chain data within the
blockchain system. These contracts automate and execute predefined rules, further mitigating risks associated with tampering
and ensuring the integrity of transactions and records.

To assure customers of the authenticity and quality of products, the project provides quality assurance certificates. These
certificates serve as a guarantee, instilling confidence in customers regarding the organic nature and quality of the goods they
purchase Leveraging the capabilities of the blockchain-based system, participants in the supply chain can track the entire
journey of products. This includes tracing the source of raw materials, validating production processes, and ensuring the
authenticity of the final products. Transparency across the supply chain is enhanced, fostering trust among stakeholders.

Overall, the project serves as a demonstration of the advantages of blockchain technology in the organic food supply
chain. It provides a secure, transparent, and immutable platform that benefits all stakeholders involved, ensuring trust,
reliability, and authenticity throughout the supply chain.
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