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Compared with the traditional centralized information supervision mode, the application of blockchain as a new
scientific and technological innovation technology in the management of agricultural products and food supply
chain can promote a more refined management of agricultural products and food, and provide feasible ideas for

ensuring the quality and safety of agricultural products and food.

precision agriculture supply chain blockchain agricultural products food safety

| 1. Introduction

Agricultural scientific and technological innovation is one of the main measures to strengthen the more granular
information in the field of agricultural products and food, which can promote the refined supervision of agricultural
products and food, and ensure the quality and safety of agricultural products and food [LI2IBI4l As a decentralized
distributed storage ledger technology, blockchain uses the P2P network to broadcast information between nodes to
achieve message synchronization of all nodes B8 Multi-blockchain means that multiple blockchains are
connected, and the synchronous transmission of messages in each blockchain node is realized through the cross-
blockchain mechanism, multi-blockchain consensus mechanism, etc. Bl Applying multi-blockchain to the
information management of agricultural products and food supply chains can enhance the performance of
blockchains, increase the accounting capabilities of blockchains, and realize the interconnection of multiple links in
agricultural and food supply chains. Moreover, it can ensure the non-tampering and traceability protection of
information in agricultural and food supply chains, and provide regulators with more accurate and comprehensive
information supervision capabilities BI19L The research on the application of blockchain to agricultural products
and food is mainly reflected in the following aspects. First, previous studies have explored the integrated
application of blockchain and IoT technology, and explored the use of blockchain decentralization and loT
technology to jointly promote the digital transformation of agricultural and food supply chains 218I14] Second,
previous research has investigated the application of blockchain to the information management of different types
of agricultural products and food, and provided information management and traceability services for different types
of agricultural products and food supply chain structures SI8IL7I8] Third, previous works have explored the
integration and application of blockchain and neural network algorithms, big data technology, identification analysis
technology, and other technologies to promote the fine management of agricultural products and food information

(19)[20121]122]  compared with the traditional centralized information supervision mode, the application of blockchain
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as a new scientific and technological innovation technology in the management of agricultural products and food
supply chain can promote a more refined management of agricultural products and food, and provide feasible

ideas for ensuring the quality and safety of agricultural products and food [22124],

2. Blockchain Technology in Agricultural Products and Food
Applications

With the development of blockchain technology, there are increasing numbers of research works on the application
of blockchain in the field of agricultural products and food. The research on the application of agricultural products
and food is mainly reflected in the theoretical research, architecture improvement, data application, data
interaction, and consensus mechanism of blockchain in agricultural products and food supply chains, as shown
in Table 1. Through the decentralization, traceability, tamper-proof, and other characteristics of the blockchain, the

food quality and safety of agricultural products and food supply chains are guaranteed.

Table 1. Research in the field of agricultural products and food based on blockchain.

Category Main Content References
Blockchain-based theoretical study of Analyze the existing research and study the
applications in the field of agricultural opportunities and challenges of blockchain research in [25][26](27]
products and food the field of agricultural products and food.

Blockchain-based data application
methods in the field of agricultural
products and food

Focuses on the use of blockchain to trace and manage [28][29][30]
agricultural products and food supply chain data.

Blockchain-based architecture

. . . Innovative design and application of new blockchain
innovation and improvement research : '9 PP i = [31][32][33]
architecture to improve the scalability of blockchain in 134]

in the field of agricultural products and agricufturalland foodlapplications.
food
Research the integrated application of trusted
encryption mechanism, Internet of Things technology, 35][36][37]
etc., with blockchain technology to ensure the trusted
interaction of data.

Blockchain-based research on the
trusted interaction of data in
agricultural products and food

Blockchain-based consensus research Research applies to complex requests and efficient
in the field of agricultural products and consensus among participants in the field of (38][39[40]
food agricultural products and food.

In terms of applied theoretical research in the field of agricultural products and food based on blockchain, the
research focuses on the opportunities and challenges of blockchain research in the field of agricultural products
and food. First, the application of blockchain in the field of agricultural products and food can enhance the
sustainability of various agricultural products in three dimensions (i.e., economic, social, and environmental) 23,

Second, blockchain provides technological infrastructure such as digitization, automation, and tracking for
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agricultural and food supply chains. It can promote the digital transformation of agricultural products and food 28!,
Finally, as a new generation of agricultural digital technology, blockchain can track and identify potential sources of
pollution in the agricultural food supply chain 24. The above research works have conducted quantitative and
gualitative analyses through a large number of studies, and described the promotion effect of blockchain in the field
of agricultural products and food. However, the supply chain of agricultural products and food is complex, and there
are still many challenges in the real large-scale investment of blockchain in the field of agricultural products and

food.

In previous works, the application research of blockchain in agricultural products and food has mainly focused on
the use of blockchain to trace and manage agricultural product and food supply chain data. For example, Khan et
al. proposed an optimized supply chain provenance system for Industry 4.0 in the food industry using state-of-the-
art technologies such as 10T, blockchain, and advanced deep learning 28, Zhang et al. designed a blockchain-
based food supply chain security management system, pointing out that the use of blockchain is conducive to
reducing management costs and improving management efficiency 22, The above research pertains to the
practical application of blockchain technology to agricultural and food supply chains. However, blockchain still faces
many challenges concerning application, e.g., lack of government regulation and lack of trust among agricultural
stakeholders in the use of blockchain, etc. B, Therefore, there is a need to improve existing blockchains to
improve the applicability of blockchains and bring tangible benefits to traditional agricultural and food supply

chains.

Therefore, in the previous studies, scholars have conducted research on the innovation and improvement of
blockchain-based architecture in the agricultural and food fields. Research focuses on innovative design and
application of new blockchain architectures to improve the scalability of blockchain in agricultural and food
applications. For example, Leng et al. proposed a public chain of agricultural supply chain system based on
double-chain architecture, and mainly studied the double-chain structure and its storage method, resource rent-
seeking matching mechanism, and consensus mechanism Bl Ali et al. proposed a sustainable blockchain
framework for the halal food supply chain to overcome challenges related to blockchain implementation 2. Song
et al. proposed a two-blockchain structure including a consensus method, transaction mechanism, sustainability
evaluation method, and performance optimization strategy [23. The proposed structured was used to bring
sustainable management practices of all players in to the blockchain network, especially allowing governments to
play a more important role in agricultural supply management. Ren et al. proposed a dual-blockchain solution
based on the interstellar file system storage for agricultural sampling data protection in loT (Internet of Things)
networks B4, In summary, to cope with the complex supply chain structure of agricultural products and food, many
scholars have begun to explore and improve the existing single-chain blockchain architecture. They use a multi-
chain approach to solve the scalability problem of blockchain applications in the field of agricultural products and
food, and some results have been achieved. However, the above research merely promotes the applicability of
blockchain in the agricultural and food industry. The problem of data security interaction and coarse-grained

enhancement of data supervision brought about by the double-chain structure has not been well solved.
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In response to the above problems, scholars involved in previous studies have explored the research on trusted
interaction of data in the field of agricultural products and food based on blockchain. The research mainly focuses
on the integrated application of trusted encryption mechanism, Internet of Things technology and blockchain
technology to ensure the trusted interaction of data. For example, Zeng et al. designed an efficient seed quality
monitoring and smart water management system using IoT and blockchain technology to manage and coordinate
the use of high-quality seeds and water resources in the community 33 Vangala et al. designed a new
authenticated key agreement mechanism envisioned in smart contract-based blockchains in the context of smart
agriculture to enhance the persistence and auditability of data stored in blocks 8. Durga et al. proposed a novel
chaotic encryption-based blockchain loT architecture to ensure data security and privacy in fields such as
agriculture 4. In the practical application of blockchain, the secure interaction of data is conducive to building trust

among blockchain users, and the promotion and use of blockchain in the field of agricultural products and food.

Scholars have also conducted research on blockchain-based blockchain consensus in the field of agricultural
products and food, which is used to improve the applicability of blockchain in the field of agricultural products and
food. The research focuses on efficient consensus applicable to complex requests and participants in the
agricultural and food sector. Xu et al. combined blockchain technology and wireless network technology to build a
blockchain platform, combined with raft algorithm and PBFT algorithm to design an RBFT consensus mechanism
to achieve “accurate identification” of poor people in agriculture B8, Hu et al. used the immutability of blockchain
and the paradigm of edge computing to build a trust framework for organic agricultural supply chains B2, In
addition, according to the organic agriculture supply chain scenario, all stakeholders are divided into four roles, and
a new consensus mechanism is proposed to manage the information flow. Wang et al. proposed a practical
Byzantine fault-tolerant consensus algorithm to score the credit of enterprise nodes in the rice supply chain,
optimize the selection strategy of master nodes, and ensure high efficiency and low cost 29, The blockchain
consensus mechanism is one of the core mechanisms of the blockchain. Designing or improving the consensus
mechanism to improve the performance of the blockchain is one of the means to improve the application efficiency
of the blockchain in the field of agricultural products and food.
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