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Abstract 

With the comprehensive evolution of the Internet from IPv4 to IPv6, IPv6 has provided a solid 

infrastructure for the transformation of modern information technology with its nearly infinite 

address space, inherent security mechanisms, and efficient routing characteristics. At the same 

time, blockchain technology, characterized by decentralization, data immutability, and 

traceability, has shown great application potential in the field of agricultural informatization. 

However, the NAT (Network Address Translation) mechanism under traditional IPv4 networks 

limits the communication efficiency and direct connection capability of blockchain P2P (peer-to-

peer) networks. This paper first systematically expounds on the core technical architectures of 

blockchain and IPv6, and deeply analyzes the empowerment mechanism of IPv6 for the 

blockchain network layer, node management, data transmission, and security. On this basis, it 

focuses on the innovative application of this fusion technology in the field of agricultural 

informatization, including building an end-to-end trustworthy agricultural product traceability 

system, managing large-scale smart agricultural IoT devices, and optimizing agricultural supply 

chain financial services. Finally, this paper analyzes the challenges of compatibility, security, 

privacy, and standard promotion faced by technology fusion, and prospects for future 

development trends. Research shows that the deep integration of IPv6 and blockchain can 

effectively solve the trust problems and data silo dilemmas in current agricultural informatization 

construction, and is a key technical path to promote China's agricultural modernization and 

digital village construction. 
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1. Introduction 

Since Satoshi Nakamoto proposed the Bitcoin electronic transaction system in 2008, blockchain 

technology has been widely developed and applied in fields such as digital currency, traceability 

management, and e-government. As a typical distributed system, blockchain has quickly become 

a hotspot in the field of information technology due to its characteristics of data immutability, 
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traceability, and decentralization. However, although blockchain networks adopt the Byzantine 

fault-tolerant security model, blockchain P2P technology itself and the security of P2P networks 

still have some deficiencies in P2P network transmission, such as bandwidth utilization and 

propagation delay issues. At the same time, with the continuous evolution and transformation of 

the Internet, the exhaustion of IPv4 addresses has become increasingly prominent. The IPv6 

protocol has a huge address space of 128 bits, which can theoretically allocate an independent IP 

address for every grain of sand on Earth. This feature completely solves the IP address shortage 

problem, making the Internet of Everything possible, and can eliminate the network complexity 

brought by NAT, achieving true end-to-end communication. In addition, IPv6 integrates the IPsec 

security suite in its protocol design and simplifies the packet header to improve routing 

efficiency, laying the foundation for building a more efficient and secure next-generation 

Internet. 

 

In this context, deploying blockchain technology on IPv6 networks is not only an inevitable 

trend of technical development but also an important way to solve the current application 

bottlenecks of blockchain and release its full potential. Especially in the field of agricultural 

informatization, the number of IoT devices is huge, data collection points are scattered, and the 

requirements for data authenticity, security, and traceability are extremely high. IPv6 can allocate 

a unique global IP address for every agricultural IoT device, while blockchain can provide a 

trustworthy evidence preservation platform for the data generated by these devices. The 

combination of the two can greatly improve the credibility of information in all links such as 

agricultural production, processing, and circulation, and enhance the intelligent level of 

agricultural management. Therefore, in-depth research on the implementation practice of 

blockchain technology in the field of agricultural informatization under the background of IPv6 

has important theoretical value and practical significance. 

 

2. Technical Foundation and Fusion Mechanism 

2.1 Blockchain Technology Architecture 

Blockchain technology combines technologies such as public key cryptography, P2P (peer-to-

peer) networks, distributed ledgers, proof of work, and smart contracts to ensure the authenticity 

of information and the feasibility of the system. The technology is divided into five layers: data 

layer, network layer, incentive layer, contract layer, and application layer. Each layer has its 

specific functions and roles, jointly building a decentralized trust system. In this system, 

blockchain technology is based on several core components, including Hash functions, P2P 

networks, PoW consensus algorithms, and UTXO models. Hash functions ensure the integrity 

and immutability of data, and P2P networks allow nodes in the network to communicate directly 

without centralized management. PoW consensus algorithms reach network consensus by 

solving computational puzzles to ensure network security. The UTXO model ensures the 

atomicity and indivisibility of transactions. 
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With the evolution of the development process, blockchain has gone through the stages of 

Bitcoin 1.0, programmable 2.0, and smart contract 3.0. In the Bitcoin 1.0 stage, digital currency 

became the representative; in the programmable 2.0 stage, the introduction of smart contracts 

realized more complex decentralized applications. The smart contract 3.0 stage integrates 

blockchain technology with technologies such as the Internet of Things and big data, promoting 

wider applications. According to application requirements, different types of blockchains can be 

selected, such as public chains, consortium chains, and private chains. Consortium chain 

platforms such as Hyperledger Fabric, FISCO BCOS, and ChainMaker provide strong support 

for enterprise-level applications. In terms of industry applications, blockchain shows broad 

application prospects in fields such as finance, government affairs, and traceability. 

 

2.2 IPv6 Technical Architecture and Its Impact on Blockchain 

IPv4 networks widely adopt NAT technology due to address space limitations, which 

temporarily alleviates the shortage of IP addresses but also brings problems such as masking 

target IPs and difficulty in traceability. As the next-generation Internet protocol, IPv6 provides 

an ideal way to solve these problems with its vast address space, higher network throughput, and 

better mobility. The empowerment of IPv6 for blockchain is not just about providing more 

addresses, but deeply optimizing and enhancing its core mechanisms from the underlying 

network. 

 

First, IPv6 fundamentally optimizes the P2P network communication of blockchain. In a pure 

IPv6 environment, each blockchain node can have a globally unique IP address without 

conversion. This makes node discovery and direct connection exceptionally simple, no longer 

needing to rely on complex NAT traversal protocols (such as STUN, TURN, ICE), thereby 

eliminating single point of failure risks and performance bottlenecks of centralized relay servers. 

The simplification of the communication path greatly reduces the topological complexity and 

communication delay of the P2P network, significantly improving the broadcasting efficiency of 

blocks and transactions across the entire network, which is crucial for blockchain systems that 

need to reach consensus quickly. 

 

Second, IPv6 enhances the credibility and traceability of node identities. Its huge address space 

makes it possible to embed the node's public key or other identity identification information into 

the IP address, for example, forming Cryptographically Generated Addresses (CGA). Through 

CGA, the IP address itself is bound to the node's cryptographic identity, thereby realizing strong 

verification of node identity at the network layer, effectively preventing network layer security 

threats such as IP spoofing and man-in-the-middle attacks. At the same time, fixed and traceable 

IP addresses also make the auditing and accountability of malicious node behavior in the 

network more direct and efficient. 

 

Third, IPv6 improves the endogenous security protection capability of the blockchain network. 

The IPv6 protocol mandatory requires support for IPsec, which is a security protocol suite at the 

network layer that can provide encryption and authentication for IP packets. This means that 



     International Journal of Advanced Engineering and Management Research  

Vol. 11, No. 03; 2026 

ISSN: 2456-3676 

www.ijaemr.com Page 279 

 

communication between blockchain nodes can obtain end-to-end security protection at the 

network layer, protecting the confidentiality and integrity of transaction data during 

transmission. This network layer security protection and the cryptographic security at the 

blockchain application layer (such as transaction signatures, data hashing) form a complementary 

relationship, jointly building a defense-in-depth system from underlying communication to 

upper-layer applications, improving the overall anti-attack capability of the system. 

 

Finally, IPv6 provides basic support for large-scale node access. Especially in IoT scenarios such 

as smart agriculture, hundreds of millions of sensors and controllers need to access the 

blockchain network securely and stably. IPv6 can easily meet the network access needs of such 

massive devices and supports features such as Mobile IPv6 (MIPv6), ensuring the network 

connection stability and identity continuity of devices such as agricultural drones and mobile 

monitoring vehicles during movement. Combined with Docker containerization technology, a 

large number of lightweight nodes can be quickly deployed and managed in the IPv6 network, 

further reducing operation and maintenance costs and improving the scalability of the system. 

 

3. Application Exploration of Fusion Technology in the Field of Agricultural 

Informatization 

3.1 Building an End-to-End Trustworthy Agricultural Product Traceability System 

Agricultural product safety is the focus of social attention, and establishing a full-process 

traceability system is the key to ensuring safety. Traditional traceability systems are mostly 

centralized architectures, with problems such as easy data tampering, opaque information, and 

'information silos'. The traceability system based on IPv6 and blockchain can fundamentally 

solve these drawbacks. In this system, from soil sensors (recording pH, humidity) and weather 

stations (recording light, temperature, and humidity) in the fields, to controllers and high-

definition cameras in greenhouses, to GPS and cold chain temperature control equipment of 

transport vehicles, every IoT device is assigned a unique and permanent IPv6 address, acting as 

the 'digital identity card' of the device. 

 

The data collected by these devices (such as pesticide residue detection values, real-time 

temperature, etc.), after being signed by the device's private key, are sent directly to the 

consortium chain nodes through the IPv6 network. Relevant information or its hash digest is 

recorded on the blockchain, forming an immutable and full-process traceability chain. IPv6 

ensures that every physical device at the source of data collection has a unique and traceable 

network identity, eliminating the possibility of data forgery, and realizing the direct transmission 

of data from sensors to blockchain nodes, reducing the risk of tampering in intermediate links. 

The immutability of blockchain ensures the authenticity of the traceability history, and its multi-

party shared ledger mechanism breaks down information barriers, improving the transparency 

and collaboration efficiency of the supply chain. Consumers can scan the QR code to view the 

immutable 'growth log' recorded by devices with unique IPv6 addresses. 
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3.2 Realizing Effective Management of Large-Scale Smart Agricultural IoT 

Smart agriculture relies on large-scale IoT device deployment to achieve precision irrigation, 

intelligent fertilization, pest and disease warning, and automated operations. Managing tens of 

thousands of devices and ensuring their safe and reliable operation is a huge challenge. With the 

help of IPv6, every IoT device becomes an independent network node. Blockchain can serve as a 

decentralized device management and control platform (also known as decentralized IoT, DIoT). 

Management operations such as device registration, authentication, firmware upgrade, and status 

monitoring can all be automatically executed through smart contracts. For example, when a new 

sensor enters the network, its unique IPv6 address and public key can be registered into a device 

management smart contract, forming a Decentralized Identifier (DID). When the soil moisture 

sensor data with an independent IPv6 address is lower than a certain threshold, the smart contract 

is automatically triggered to send an open command to the corresponding irrigation valve (also 

with a unique IPv6 address). The commands and execution results of the entire process are 

recorded on the chain, ensuring the security and auditability of operations and effectively 

preventing 'ghost devices' from submitting false data. This fusion model gets rid of the 

dependence on centralized cloud platforms, avoids single point of failure risks, and improves the 

robustness of the system. 

 

3.3 Innovating Agricultural Supply Chain Financial Service Models 

Small and medium-sized farmers and agricultural enterprises often face problems of difficult and 

expensive financing, mainly because financial institutions find it difficult to grasp their true 

production and operation status and credit levels. The agricultural supply chain information 

platform built based on IPv6 IoT and blockchain can record the full-process data of agricultural 

product production, inventory, transportation, and sales in real-time and trustworthily. 

For example, the grain inventory in the warehouse can be counted in real-time through electronic 

scales, RFID readers, and cameras with IPv6 addresses. After the data is uploaded to the chain, a 

trustworthy and dynamically updated 'digital warehouse receipt' is formed. Farmers or 

enterprises can use these immutable digital warehouse receipts circulating on the blockchain to 

apply for liquid pledge loans from banks. This model transforms physical assets such as 

agricultural products into trustworthy on-chain digital certificates, giving them good liquidity. 

Banks can grasp the status of collateral in real-time by accessing blockchain data, greatly 

reducing credit risks and the cost of due diligence. When the loan is repaid, the ownership of the 

digital warehouse receipt can be automatically unlocked or transferred through smart contracts, 

greatly improving the efficiency and automation level of financial services, and realizing the 

'integration of three flows' of information flow, logistics, and capital flow. 

 

4. Fusion Implementation Path and Key Technical Considerations 

First, in system architecture design, a layered and decoupled model should be adopted. The 

bottom layer is the IoT perception layer, containing various sensors and actuators with IPv6 

communication capabilities; above it is the network transmission layer based on IPv6, 

responsible for reliable data transmission; the core is the blockchain platform layer, where an 



     International Journal of Advanced Engineering and Management Research  

Vol. 11, No. 03; 2026 

ISSN: 2456-3676 

www.ijaemr.com Page 281 

 

appropriate platform (such as Hyperledger Fabric for consortium chain scenarios) can be selected 

according to business needs, responsible for data evidence preservation, consensus, and smart 

contract execution; the top layer is the application service layer, providing specific services for 

different users (such as farmers, regulators, consumers). This architecture ensures that each layer 

performs its duties and provides flexibility for future expansion. 

 

Second, data governance and standardization are key to ensuring the value of the system. A 

unified set of agricultural data standards and on-chain specifications must be established, clearly 

defining data ownership, usage rights, and privacy boundaries. For different types of data such as 

environmental parameters, agricultural operations, and logistics information, their data formats, 

collection frequencies, and verification rules should be defined. By enforcing these rules through 

smart contracts, the quality and consistency of on-chain data can be guaranteed, avoiding the 

problem of 'garbage data on the chain', thereby providing high-quality trustworthy data sources 

for upper-layer applications. 

 

Third, optimization of performance and scalability for agricultural scenarios is crucial.  

Considering the huge amount of data generated by agricultural IoT, not all data is suitable for 

direct on-chain storage, otherwise it will lead to 'ledger bloat'. An 'on-chain and off-chain' 

collaborative storage strategy should be adopted, that is, storing key index information and data 

digests (hash values) on the blockchain, while storing raw, large-capacity data (such as high-

definition video, sensor time-series data) in distributed storage systems like IPFS or off-chain 

databases. In addition, appropriate consensus algorithms should be selected according to specific 

business scenarios, such as adopting efficient consensus mechanisms like PBFT or Raft in 

licensed consortium chains to balance the degree of decentralization and transaction processing 

performance (TPS) of the system. 

 

Finally, a multi-dimensional security strategy throughout the process must be built. This includes 

not only using IPsec of IPv6 to ensure network transmission security and using cryptography of 

blockchain to ensure data immutability, but also covering the security of IoT devices themselves 

(firmware security, physical attack prevention), security auditing of smart contracts (preventing 

code vulnerabilities), and perfect access control and identity authentication mechanisms to 

ensure that only authorized subjects can operate on the correct data at the correct time, thereby 

building an end-to-end comprehensive trustworthy environment. 

 

5. Challenges and Prospects 

Although the fusion of blockchain and IPv6 shows broad application prospects, it still faces 

several challenges in practice. First is the technical compatibility and transition issue. In the 

current network environment where IPv4 and IPv6 coexist, how to ensure efficient 

communication of blockchain nodes in hybrid networks is a technical problem. Second, IPv6 

exposes nodes directly to the public network, which puts higher requirements on the nodes' own 

security protection. At the same time, uploading IoT data to the chain also brings new privacy 

protection challenges, which need to be solved with the help of technologies such as zero-
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knowledge proofs. In addition, standardization and interoperability of agricultural IoT devices 

are also prerequisites for large-scale application, requiring the establishment of unified data and 

interface specifications. Finally, deployment costs and promotion thresholds are still realistic 

obstacles for small and medium-sized farmers, requiring the exploration of low-cost solutions 

and sustainable business models. 

 

Looking forward to the future, with the comprehensive popularization of IPv6 and the 

continuous maturity of blockchain technology, the fusion of the two will develop to a deeper 

level. Combined with 5G, edge computing, and artificial intelligence technology, it is expected 

to build a 'on-chain agricultural brain' with more real-time response and smarter decision-

making. For example, edge computing nodes can perform preliminary processing near the data 

source and only upload key results to the chain to reduce the burden on the main chain. Artificial 

intelligence algorithms can perform crop growth prediction and market analysis based on 

trustworthy massive data on the chain, providing more scientific decision support for agricultural 

production. 

 

6. Conclusion 

As an emerging information technology, blockchain technology has characteristics such as 

decentralization, immutability, and transparency, and has huge potential in fields such as finance, 

government affairs, and traceability. However, it still faces challenges such as scalability and 

privacy protection. The huge address space, improved network protocols, and enhanced security 

features of IPv6 provide new opportunities for the development of blockchain technology. By 

making full use of the underlying technical advantages of IPv6, the deficiencies of current 

blockchain technology can be solved, and its expansion into wider application fields can be 

promoted. This combination is expected to spawn more innovative applications, providing more 

secure, efficient, and transparent solutions for the information society. With the gradual 

deployment of IPv6 and the continuous maturity of blockchain technology, we can foresee a 

more decentralized, secure, and reliable network environment. 
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