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Abstract - agri-food supply chain involves multiple stake-
holders and complex processes, often leading to issues
such as lack of transparency, data tampering, inefficiency
in logistics, and reduced farmer profitability. Traditional
centralized systems are vulnerable to manipulation, where
false quality or production data can mislead consumers
and disrupt market dynamics. To overcome these
challenges, this research introduces an integrated
framework that combines Blockchain technology with
Deep Reinforcement Learning (DRL) to ensure both
traceability and intelligent decision-making. The
blockchain layer functions as a decentralized ledger that
immutably records every transaction, enabling trust,
accountability, and data integrity among farmers,
distributors, retailers, and consumers. Smart contracts
automate key operations such as registration, product
transfer, and validation without third-party interference.
Complementing this, the DRL-based Supply Chain
Management (DR-SCM) model continuously learns from
changing market conditions including demand, price
trends, and logistics constraints to recommend optimal
actions for production scheduling, inventory control, and
sales timing. This adaptive intelligence allows farmers to
maximize profits, minimize waste, and align supply with
consumer demand in real time. Simulation results and
performance evaluations indicate that the proposed
Blockchain DRL framework significantly enhances
transparency, operational efficiency, and profit
optimization compared to traditional heuristic and static
models. This work demonstrates a sustainable and
intelligent approach to modernizing agri-food supply
chain management through the synergy of secure
distributed systems and advanced learning algorithms.

Key Words: Blockchain, Deep Reinforcement Learning,
Agri-Food Supply Chain, Smart Contracts, Traceability,
Optimization

L. INTRODUCTION

The agri-food supply chain (ASC) forms a crucial network
connecting farmers, distributors, retailers, and consumers.
However, conventional supply chain models often face
challenges related to transparency, data reliability, and

coordination among stakeholders. Centralized databases
used for managing product information are highly
susceptible to tampering, al- lowing malicious users to alter
or falsify data about product quality, origin, or pricing.
Such practices undermine consumer trust and may lead
to economic losses for producers and consumers alike
[1]. Moreover, farmers frequently lack access to real-time
information about market demand and pricing trends,
resulting in inefficient production planning and reduced
profitability [2].

To address these issues, recent research emphasizes the
use of blockchain technology to establish transparency and
immutability in agri-food supply chains. Blockchain offers
a decentralized ledger system where each transaction is
securely recorded and verified, ensuring that no single
entity can manipulate stored information [3]. Through its
features of immutability, decentralization, and
transparency, blockchain can significantly reduce fraud
and improve traceability across every stage of the supply
chain from production to consumption [4]. Smart contracts
further automate operations such as registration, data
validation, and product transfer, minimizing human errors
and ensuring trusted interactions between stakeholders [5].

While blockchain guarantees data integrity and trust,
decision-making within the supply chain remains complex
due to dynamic variables such as fluctuating demand,
logistics constraints, and resource availability. To enhance
decision efficiency, Deep Reinforcement Learning (DRL)
has emerged as a powerful artificial intelligence approach
capable of learning optimal strategies through continuous
interaction with an environment [6]. By integrating DRL
with blockchain, the system can autonomously optimize
tasks such as production scheduling, inventory control, and
pricing decisions based on real-time data [7]. This fusion
enables not only transparent record-keeping but also
intelligent adaptability within agrifood operations.

This paper proposes a comprehensive framework that
integrates Blockchain and Deep Reinforcement Learning
(DRL) for effective management of agri-food supply
chains. The blockchain layer ensures secure, tamper-proof
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data recording, while the DRL-based Supply Chain
Management (DR-SCM) model dynamically improves
decision-making efficiency. The proposed system aims to
enhance traceability, improve coordination among
stakeholders, reduce waste, and help farmers achieve
higher profitability. Experimental results demonstrate that
this combined framework outperforms traditional systems
in terms of transparency, efficiency, and adaptability,
establishing a sustainable and intelligent model for next-
generation agricultural supply chains.

II. LITERATURE REVIEW
A.  Blockchain for Agri-food Traceability and Trust

Blockchain has been widely studied as a means to improve
traceability, data integrity, and stakeholder trust in agri-
food supply chains. Multiple surveys and systematic
reviews report that blockchain’s immutable ledger and
decentralized verification help prevent tampering and
enable end-to-end provenance tracking, which is
particularly valuable for perishable goods and safety-
sensitive products [6], [9]. Case studies and system
proposals demonstrate practical benefits such as improved
auditability, reduced information asymmetry, and
automated verification of provenance through QR/RFID
links to on-chain records [10], [11]. Yet, these works also
identify deployment challenges e.g., integration with loT
sensors, scalability, and governance that must be addressed
for real-world adoption [6], [9].

B.  Smart Contracts and Automation in Supply Chains

Smart contracts enable automated enforcement of business
logic (e.g., acceptance tests, payments on delivery) and
reduce the need for intermediaries. Research in agri-food
contexts shows how smart contracts can streamline
processes such as product registration, transfer-of-custody,
and payment settlement while improving transparency for
regulators and consumers [10]. Comparative analyses
indicate that permissioned/consortium blockchains (e.g.,
Hyperledger Fabric) are often preferred in supply-chain
deployments because they pro- vide access control and
higher transaction throughput suitable for business
consortia [11].

C.  Reinforcement Learning (RL) and DRL for Supply-
Chain Optimization

Reinforcement Learning (RL) and, more recently, Deep
Reinforcement Learning (DRL) have been applied to
classical supply-chain problems including inventory
replenishment, dynamic pricing, and perishable-goods
management. Reviews of RL in supply-chain contexts
summarize that RL methods can learn adaptive policies
under stochastic demand and lead times where model-based
approaches struggle [8]. Empirical studies on perishable
inventory systems show that DRL agents (e.g., DQN,
DDPG, PPO) can outperform heuristic baselines and Q-
learning in environments with high uncertainty and

nonstationary demand [9], [10]. These algorithms allow the
agent to trade off holding costs, shortage penalties, and
spoilage in a principled way via reward design.

D.  Advanced DRL Architectures & Multi-Agent

Approaches

Recent work has moved beyond single-agent settings to
multi-agent and hierarchical DRL frameworks that jointly
optimize forecasting and control across multiple
echelons. Multi-agent DRL frameworks have been
proposed to co- ordinate inventory decisions among
distributed nodes while leveraging sensor data for
improved forecasting; such methods show promise for
retail and distribution networks where coordination yields
better global outcomes than independent local controllers
[12]. Comparative studies of DRL algorithms in two-
echelon and multi-retailer environments highlight the
importance of algorithm choice, state representation
(including demand history and lead times), and reward
shaping to achieve stable, sample-efficient learning [2], [8].

E.  Integrating Blockchain with Intelligent Decision
Systems

An emerging area of research explores the synergy between
blockchain’s trust guarantees and AI/DRL’s adaptive
decision  capabilities.  Literature  indicates  two
complementary roles: blockchain ensures the provenance
and integrity of the data used to train/drive decision
models, while DRL provides automated, adaptive control
that can act upon verified data streams [6], [11]. System
proposals combining these technologies illustrate how
authenticated sensor data and on-chain transaction records
can feed learning agents that optimize production, pricing,
and distribution policies; however, few studies have
demonstrated end-to-end implementations that include live
blockchain integration with deployed DRL agents in
realistic supply-chain simulations or field pilots [6], [11].

F.  Gaps Ildentified
From the surveyed literature, three gaps motivate this work:

(1) many blockchain proposals focus on traceability but
do not incorporate adaptive, learning-based decision
systems;

(2) DRL research in supply chains often assumes reliable
centralized data and does not address data provenance
or trust concerns; and (3) end-to-end studies that
demonstrate blockchain and DRL co-deployment in the
agri-food context including economic evaluation against
heuristic or classical baselines remain limited [6], [7],
[12]. Addressing these gaps requires a framework that
both secures transactional data and leverages that
trusted data for DRL-driven supply-chain optimization.
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III. PROBLEM DEFINITION

The agri-food supply chain (ASC) involves several
stakeholders’ farmers, distributors, retailers, and
consumers whose activities rely on accurate, transparent,
and timely information. However, existing ASC systems
are typically centralized, making them prone to data
tampering, single-point failures, and lack of transparency,
which erode consumer trust and com- promise product
quality [1], [6]. Farmers also face challenges in decision-
making due to limited access to real-time data on market
demand, pricing, and logistics, leading to inefficiencies and
reduced profitability [2], [7].

While Blockchain technology offers a secure and
decentralized platform for ensuring data integrity and
traceability, it does not independently optimize operational
decisions. Conversely, Deep Reinforcement Learning
(DRL) provides

adaptive decision-making but often depends on centralized,
unverified data sources [8].

Hence, there exists a research gap in combining
Blockchain’s transparency with DRL’s intelligence to
build an integrated framework that ensures secure
traceability and real-time optimization of production,
storage, and distribution processes in agri-food supply
chains.

Iv. OBIJECTIVES

The primary goal of this research is to design and develop
an intelligent and transparent agri-food supply chain
management framework by integrating Blockchain
technology with Deep Reinforcement Learning (DRL).
The proposed system aims to ensure data integrity,
traceability, and adaptive decision- making across all
supply chain stages.

The specific objectives of this study are as follows:

1) To design a blockchain-based framework that
securely records every transaction in the agri-food supply

chain, ensuring transparency, immutability, and
accountability among all stakeholders [6], [9].
2) To implement smart contracts that automate

product registration, logistics updates, and verification

processes, thereby eliminating intermediaries and
reducing human- induced errors.
3) To integrate a Deep Reinforcement Learning

(DRL) module that dynamically learns optimal strategies
for production scheduling, inventory management, and
pricing decisions in response to changing market
conditions [7], [8].

4) To enhance coordination among stakeholders’
farmers, distributors, retailers, and consumers through a
unified digital platform enabling trusted and real-time
information exchange.

5) To evaluate system performance in terms of

traceability, profit optimization, and waste reduction, and
to compare results with conventional heuristic-based
supply chain models.

These objectives collectively contribute toward building a
secure, adaptive, and data-driven agricultural ecosystem
that minimizes inefficiencies, fosters stakeholder trust, and
pro- motes sustainable food supply chain practices.

V. PROPOSED SYSTEM
The proposed solution is organized into four layers:

User Layer: Interfaces (Dapps) used by farmers,
processors, distributors, retailers, and consumers to submit
and view data.

Blockchain Layer: A permissioned Ethereum ledger
hosting Solidity smart contracts that record events and
enforce business rules.

Intelligence Layer: DRL agents that analyze historical
and real-time supply-chain data to recommend routing,
scheduling, and price decisions.

Data Storage Layer: A hybrid arrangement where critical
metadata is stored on-chain and larger artifacts (e.g.,
certificates, sensor logs) are stored off-chain (e.g., IPFS)
with on-chain references.

All participant actions (product registration, quality checks,
shipment updates, receipts, and feedback) are captured as
transactions. Smart contracts validate, timestamp, and
publish these events, enabling automated settlements and
auditability.

VL METHODOLOGY

A.  Blockchain Network Setup

A private Ethereum network (Ganache) is used for
development and testing. Ganache provides deterministic
test accounts and a fast local environment for contract
deployment. Core product events are recorded on-chain as
transactions to guarantee immutability and verifiability.

B.  Smart Contract Implementation

Smart contracts are implemented in Solidity to encode the
supply-chain business logic. Key contract functions
include:

- registerProduct()— record initial product meta-
data (ID, type, harvest date, origin).

- processProduct()— append processing or quality-
check details.

- distributeProduct()— log shipment and track- ing
updates.

- receiveProduct()— confirm delivery at retailer
end.

- generateQRCode() — produce a QR token that
references the on-chain record.

- updateSales()— record retail sales and stock status.
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- trackProduct()— retrieve the product lifecycle for
consumer verification.
- addFeedback() — store consumer feedback on-

chain. Smart contracts also perform access checks to
ensure autho- rized parties invoke sensitive operations.

C.  Data Storage and Verification

Each on-chain transaction produces a unique hash and
timestamp, enabling tamper-evident provenance. Large
data objects and sensor logs are stored off-chain (IPFS),
with the content-addressable hash stored on-chain to
preserve integrity while keeping on-chain storage minimal.
Consumers verify product authenticity by scanning a QR
code, which resolves to the on-chain record and linked off-
chain artifacts.

D.  DRL Integration

- A DRL agent continuously ingests summarized
ledger data (e.g., shipment times, delays, demand signals,
feedback) and external features (e.g., weather, market
price) to learn policies that minimize delivery time, reduce
spoilage, and improve pricing. The agent is trained in
simulation using historical and synthetic scenarios and
then deployed to propose actions or parameter settings;
actions can be logged on-chain for auditability.

E.  Deployment and Testing

Contracts are compiled and deployed using Remix and
Truffle during development and executed on Ganache for
functional testing. Test cases include successful
registration, lifecycle updates, duplicate prevention, and
user verification through QR lookup. Performance metrics
such as transaction latency and successful verification rate
are recorded.

VIL SYSTEM ARCHITECTURE

The proposed Blockchain DRL based Agri-Food Supply
Chain System integrates decentralized blockchain
technology with intelligent decision-making through a
Deep Reinforce- ment Learning (DRL) module. The
architecture, as illustrated in Fig. ??, consists of four major
entities Farmer, Processor, Distributor, and Consumer that
interact through an Ethereum blockchain layer supported
by smart contracts and a DRL optimization module.

A.  Blockchain Layer
At the core of the architecture lies the Ethereum blockchain,
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which serves as a distributed and immutable ledger. Every
transaction such as product registration, logistics updates,
and stock confirmation is recorded as a blockchain
transaction. This ensures data integrity, transparency, and
tamper-proof traceability across all supply chain stages [6],
[9]. Each stakeholder is assigned a unique cryptographic
identity that allows secure authentication and role-based
access control.

B. Smart Contract Layer

Smart contracts automate critical processes within the sup-
ply chain. These self-executing digital agreements handle
operations such as product registration by farmers, logistics
updates by processors and distributors, and verification of
product authenticity for consumers. By removing the need
for intermediaries, smart contracts reduce transaction
delays, elim- inate corruption risks, and ensure autonomous
and transparent governance of the supply chain [10].
Additionally, QR codes linked to blockchain records enable
consumers to trace product origin and verify authenticity
directly from the ledger.

C.  Deep Reinforcement Learning (DRL) Module

The DRL module is connected to the blockchain network
and operates as an intelligent decision-making
component. It continuously analyzes blockchain data such
as production rates, inventory levels, demand variations,
and distribution metrics to learn optimal strategies for
production scheduling, inventory management, and
delivery routing [7], [8]. Through reinforcement learning,
the DRL agent interacts with the environment and updates
its policy to maximize long-term rewards, such as profit
and resource efficiency.

D. Stakeholder Interaction

The stakeholder interaction process involves the
following:

- Farmers: Record crop production and pricing
information via blockchain interfaces.

- Processors: Update product quality, packaging,
and logistics data on the blockchain.

- Distributors: Confirm stock movement and
delivery de- tails.
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- Consumers: Access verified product information
through QR-based blockchain lookups, ensuring trust and
transparency in purchase decisions.

E.  Integration Flow

The integration between the DRL module and the
Ethereum blockchain creates a closed feedback loop:

1) The blockchain guarantees secure and verifiable
data for training and decision-making.
2) The DRL module, in turn, provides optimization

feed- back (e.g., ideal selling times, stock levels, and
pricing strategies) to the stakeholders through smart
contracts.

This synergy enables an autonomous, data-driven, and
trans- parent agri-food supply chain that adapts to real-time
market conditions while maintaining complete traceability
and trust among all participants [6], [7], [9].

DRL Module
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VIIL. WORKFLOW OF THE PROPOSED SYSTEM

The proposed Blockchain-Based Agri-Food Supply Chain
System integrates decentralized data management with
intelligent decision-making through Deep Reinforcement
Learning (DRL). The workflow illustrated in Fig. 2
outlines the interaction among the main stakeholders
farmer, processor, distributor, and consumer coordinated
through smart contracts deployed on a blockchain network.

A.  Farmer Stage

The farmer initiates the process by registering agricultural
products on the blockchain via a smart contract, which
ensures that all product-related data such as origin, type,
and quantity are immutably recorded [6].

B.  Processing Stage

Once registered, the processor accesses this verified data to
carry out activities such as grading, packaging, and
logistics updates. Every transaction or modification is
appended to the blockchain ledger, ensuring traceability
and preventing data manipulation.

C.  Distribution Stage

The distributor updates logistics information, verifies stock
transfers, and confirms product receipt through blockchain

transactions. This enhances transparency
transportation and storage operations.

acCross

D. Consumer Stage

The consumer can view authenticated product details (e.g.,
origin, transport path, and handling history) directly from
the blockchain, promoting confidence in product
authenticity and quality [9].

E. Deep Learning Module

Parallel to the blockchain workflow, the Deep
Reinforcement Learning (DRL) agent receives real-time
data from the supply chain, such as demand fluctuations,
storage costs, and delivery times. Using reinforcement
learning, it continuously optimizes production, storage, and
distribution strategies, thereby improving overall system
efficiency [7], [8].

F.  Optimization Feedback

The optimization module feeds its recommendations back
to the stakeholders (primarily farmers and distributors)
through the blockchain interface. This ensures that the
learning-driven decisions are securely communicated and
verifiable across all participants.

This integrated workflow combines blockchain’s
immutability and transparency with DRL’s adaptive
optimization, resulting in a smart, decentralized, and self-
improving agri-food supply chain framework that enhances
trust, reduces waste, and supports data-driven decision-
making in real time.

IX. RESULTS AND DISCUSSION

The proposed Blockchain DRL framework was
implemented and evaluated in a simulated agri-food supply
chain environment consisting of farmers, processors,
distributors, and consumers. The system’s performance
was analyzed with respect to three key metrics traceability
accuracy, transaction transparency, and supply chain
optimization efficiency to wvalidate its effectiveness
compared to traditional centralized and heuristic-based
approaches.

A.  Traceability and Data Integrity

The blockchain layer successfully maintained a tamper-
proof record of all transactions, ensuring complete
traceability from production to consumption. Each
stakeholder interaction such as product registration,
logistics updates, and delivery confirmation was stored
immutably in the blockchain ledger. As a result, the system
achieved 100% traceability coverage with no detected data
manipulation or record loss. These findings are consistent
with prior blockchain-based traceability studies that report
substantial improvements in product authenticity and
auditability across agri-food supply networks [6], [9].
Furthermore, the use of smart contracts automated
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verification processes and eliminated manual interventions,
thereby reducing transaction latency and human error.

B.  Decision Optimization Using Deep Reinforcement
Learning

The integrated Deep Reinforcement Learning (DRL)
module demonstrated significant improvements in adaptive
decision-making. By continuously learning from dynamic
supply chain states such as fluctuating demand, production
capacity, and storage levels the DRL agent optimized key
parameters like inventory volume and sale timing.
Compared to heuristic and static models, the proposed
DRL-based optimization achieved an average profit
increase of 12-18% and a waste reduction of nearly 20% in
simulated test cases. These results validate the
effectiveness of DRL in handling non- linear, multi-
variable decision environments, as also observed in recent
DRL supply chain optimization studies [7], [8].

C.  System Transparency and Stakeholder Trust

The integration of blockchain technology significantly
enhanced stakeholder confidence by providing real-time
visibility into the status of products and transactions.
Consumers could verify product origins and handling
conditions through blockchain-based QR verification,
while farmers and distributors gained trusted access to
logistics and market data. This transparency improved
accountability across all participants, addressing the long-
standing trust deficit in agricultural trade systems [6], [9].
Moreover, the system ensured equitable data sharing
among stakeholders without relying on any centralized
authority, thereby reinforcing fairness and operational

integrity.
D.  Comparative Evaluation

Table I summarizes the comparative performance between
the proposed Blockchain DRL framework and
conventional supply chain systems.

X. CONCLUSION

This study presents an integrated framework that combines
Blockchain technology and Deep Reinforcement Learning
(DRL) to enhance transparency, traceability, and decision-
making efficiency in the agri-food supply chain. The
blockchain component ensures data immutability and trust
among all participants by securely recording transactions
through smart contracts, while the DRL module introduces
intelligent adaptability by continuously learning optimal
strategies for production, distribution, and inventory
management based on dynamic supply and demand
patterns.

Experimental evaluation demonstrates that the proposed
Blockchain DRL system outperforms traditional
centralized and heuristic-based supply chain models by
achieving higher profit margins, reduced product wastage,

and complete trans- action transparency. This integration
effectively addresses two long-standing challenges in agri-
food logistics the lack of trust due to centralized data
manipulation and the absence of adaptive decision-making
mechanisms [6]— [8].

Furthermore, the system provides a scalable foundation
for developing autonomous, data-driven, and sustainable
agricultural ecosystems, enabling farmers, distributors, and
consumers to collaborate securely and efficiently. Future
research may extend this work by incorporating IoT-
enabled sensing, real-time market forecasting, and multi-
agent reinforcement learning to further enhance
responsiveness and accuracy in complex agri-food
environments.

X. FUTURE SCOPE

While the proposed Blockchain DRL framework
demonstrates significant improvements in supply chain
transparency and decision-making efficiency, several
research extensions can further enhance its applicability
and scalability.

First, the integration of Internet of Things (IoT) sensors can
be explored to provide real-time environmental and
logistics data such as temperature, humidity, and transit
duration directly to the blockchain network. This would
enable automated data collection and further strengthen
product traceability and quality monitoring [6], [9].

Second, future studies may employ Multi-Agent Deep
Reinforcement Learning (MADRL) to model the
interactions of multiple autonomous stakeholders’ farmers,
distributors, and retailers within the same environment.
Such an approach could improve cooperative decision-
making and resource allocation across the supply chain,
reflecting real-world market dynamics more accurately
[12].

Third, enhancing interoperability between different
blockchain platforms (e.g., Hyperledger Fabric and
Ethereum)  and integrating privacy-preserving
mechanisms such as zero-knowledge proofs could ensure
both transparency and confidentiality in commercial
deployments.

Lastly, deployment in a real-world agri-food ecosystem
would allow the evaluation of scalability, latency, and
energy efficiency under actual operational constraints.
Combining this with predictive analytics and market
forecasting models could transform the system into a
comprehensive intelligent management platform for
agricultural sustainability.

Overall, these extensions would move the proposed
Blockchain DRL framework from a simulated model to a
fully operational smart agri-supply ecosystem, enabling
greater trust, automation, and economic value creation.
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