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Abstract: Rural farmers in India face persistent economic losses due to
excessive intermediary involvement, payment delays, and lack of access to
real-time market pricing. This paper presents AgroChain, a blockchain-based
crop trading and payment platform that enables direct transactions between
farmers, buyers, and distributors through Ethereum smart contracts. The
proposed system employs a decentralized escrow mechanism that
automatically locks buyer payments upon order placement and releases funds
to the farmer only upon confirmed delivery, eliminating trust issues inherent
in traditional supply chains. An Oracle integration provides real-time crop
price feeds, ensuring fair and transparent market pricing. The platform
achieves an average transaction completion time of 3-5 seconds and supports
50-80 transactions per second, demonstrating scalability for real-world
agricultural markets. Testing across all user roles confirmed 100% data
consistency between the PostgreSQL database and the blockchain ledger. The
results validate that blockchain technology offers a reliable, transparent, and
scalable foundation for modernizing agricultural trade in rural India.

Keywords: Blockchain, Smart Contracts, Ethereum, Decentralized Trading,
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I. INTRODUCTION

Farming is the heart of rural India, and for millions of families, selling
crops is their only way to make a living. Unfortunately, the current way of trading
crops is broken. There are too many middlemen involved, which means farmers
often wait a long time to get paid or end up selling their hard work for much less
than it is actually worth. Most existing digital apps don't really fix this because
they still rely on a single company or a few people to control everything, which can
be risky and confusing. This is where blockchain technology helps. Think of it as a
shared, digital record that no single person controls. Because it is permanent and
open, it creates trust. We can also use "smart contracts"—which are basically
digital agreements that run on their own. These contracts can automatically send
payment to a farmer the moment the buyer confirms the delivery, removing the
need for a middleman to approve the transaction.
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We built "AgroChain," a platform that lets farmers, buyers, and
distributors trade directly with each other. By using smart contracts and live
market updates, our system ensures that farmers get paid on time and that every
deal is fair and easy to track. Our goal is simple: to help farmers get the money
they deserve and make the whole selling process smoother, faster, and safer for
everyone.

II. LITERATURE REVIEW

Agricultural supply chain modernization through blockchain technology
has attracted significant research attention over the past decade. This section
critically examines existing literature to identify methodological contributions,
persistent limitations, and the research gaps that motivate the proposed
AgroChain platform.

Daraghmi et al.[l1] proposed a smart contract-based framework for
managing agricultural supply chains, demonstrating that blockchain significantly
improves transparency and trust among trading participants. Their practical case
study confirmed that immutable ledger records reduce disputes between farmers
and intermediaries. However, the authors identified high transaction costs and
limited scalability under real-world load conditions as critical barriers, and the
system lacked an automated payment release mechanism — relying instead on
manual settlement after delivery. This gap directly motivates AgroChain's escrow-
based automated payment design.

Tiwari and Mahajan [2] presented an automated blockchain-based
agriculture supply chain framework emphasizing immutable ledgers for
traceability. While the system effectively reduced counterfeit risks and improved
supply chain transparency, high implementation costs and significant stakeholder
resistance to technology adoption were identified as deployment barriers. Critically,
the framework addressed traceability but did not integrate real-time market
pricing — leaving farmers vulnerable to information asymmetry at the point of sale.
AgroChain addresses this gap through Oracle-based live price feed integration.

Talib and Hussain [3] explored smart contract integration in agricultural
supply chains to eliminate intermediaries through automated transactions.
Although the approach improved traceability and participant trust, the complexity
of deploying and managing smart contracts in resource-constrained rural
environments remained a key challenge. Furthermore, the proposed system did
not define a role-based architecture for logistics partners, limiting its applicability
to end-to-end trade scenarios. AgroChain introduces a dedicated Distributor role
that bridges this gap by integrating logistics confirmation directly into the
payment release condition.

Shao et al. [4] designed a blockchain-based warehouse receipt system for
cash crops, decentralizing operations to prevent fraud and improve credit access
for farmers. The study demonstrated strong design principles for financial
inclusion but acknowledged that extensive infrastructure support and regulatory
backing are prerequisites for real-world scalability. The absence of a direct buyer-
farmer transaction layer and reliance on warehouse intermediaries represents a
structural limitation that AgroChain resolves through its decentralized
marketplace architecture.
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Pranto et al. [5] combined blockchain with IoT-enabled contracts to
introduce automation and fair pricing in agricultural trade. The integration of IoT
sensors for crop monitoring represented a notable technical contribution. Despite
improvements in transparency and security, high hardware costs and scalability
limitations restricted broader applicability, particularly in low-income rural
settings where IoT infrastructure is unavailable. AgroChain deliberately avoids IoT
dependency, instead relying on Oracle-based price feeds and manual delivery
confirmation to maintain accessibility for resource-constrained farmers.

Kumarathunga et al. [6] developed a sustainable microfinance outreach
system using blockchain, cryptocurrency, and smart contracts to dynamically
tailor farm loans. While the system demonstrated transparent and controlled loan
distribution, the study highlighted cryptocurrency volatility risks and high setup
costs as significant adoption barriers. The focus on microfinance rather than
direct crop trading represents a distinct domain from AgroChain, though the
shared use of Ethereum smart contracts for automated financial agreements
confirms the technical viability of the approach adopted in this work.

Zhang et al. [7] introduced a smart-contract-based agricultural service
platform for optimizing drone-based plant protection operations. Smart contracts
were used to automate service agreements between farmers and drone operators,
enhancing farming efficiency. However, the platform was domain-specific to drone
services and faced scalability challenges across diverse farm types. The work
confirms the versatility of smart contract automation in agricultural contexts but
does not address crop trading or payment security — the primary focus of
AgroChain.

Lokhande et al. [8] proposed Agrolend, an Ethereum smart contract
farming platform designed to eliminate middlemen and enforce automated
agreements. While the system demonstrated strong alignment with AgroChain's
objectives, it lacked validation through real-world implementation and user testing
— a limitation explicitly noted by the authors. AgroChain addresses this critical
gap by conducting end-to-end testing across all 15 defined test cases, including
UAT with role-specific users, providing empirical validation absent in Agrolend.

Jha et al. [9] introduced a decentralized blockchain-based crop insurance
model for Indian farmers, leveraging blockchain immutability for tamper-proof
insurance claim records. The model offered farmers quick access to insurance
benefits during crop failures but struggled with scalability across diverse
agricultural regions. While the domain differs from crop trading, the shared
challenge of blockchain scalability in Indian agricultural contexts reinforces the
importance of AgroChain's performance validation under concurrent load
conditions.

Leduc et al. [10] presented FarMarketplace, a blockchain-based
agricultural trading platform with a unique focus on performance evaluation
across varying configurations. Unlike prior works focused primarily on traceability,
this study assessed long-term quality-of-service metrics — the closest parallel to
AgroChain's performance benchmarking approach. However, FarMarketplace did
not implement escrow-based payment automation or Oracle price integration,
leaving end-to-end payment security and fair pricing as unresolved challenges.

A cross-study analysis, summarized in Table I, reveals consistent gaps
across existing literature: the absence of combined end-to-end payment
automation, real-time Oracle-based pricing, role-based logistics integration, and
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empirical real-world validation within a single platform. AgroChain directly
addresses all four gaps simultaneously — a combination not achieved by any
single prior system.

1. METHODOLOGY

The proposed AgroChain platform is built on a three-tier architecture
integrating a React.js-based frontend, a Django/Python backend, and an
Ethereum blockchain network for decentralized payment management. This
section describes the system components, implementation choices, and the
mechanisms by which each research objective is addressed.

A. System Architecture

To make the system work smoothly, we built it using a "four-tier" structure.
Think of this like a building with four floors, where each floor has a specific job.
This design helps us blend standard web tools with secure blockchain technology.

1. The Frontend

This is the "face" of the system, built with React.js and HTML/CSS. It
provides simple, separate dashboards for three types of users farmers, buyers and
distributors in an decentralized blockchain architecture as shown in Fig 1.

. Farmers: To list crops and track earnings.
. Buyers: To browse the marketplace and check order history.
. Distributors: To manage deliveries and routes. We used Django

templates here to ensure the site is responsive and easy to use on mobile phones,
even for people who aren't tech-savvy.

2. The Backend

This layer is built with Django (Python). It handles the day-to-day work:
logging users in, validating accounts, and processing orders. This layer is modular,
meaning it manages user data and communicates directly with our blockchain
module using Web3.js to make sure transactions happen correctly.

3. The Blockchain

This is where we guarantee security. We use the Ethereum network (tested
via Ganache) and Smart Contracts (SC) developed in Solidity.

. How it works: When a buyer places an order, the lockFunds)
function holds their payment in a digital safe. Once the distributor confirms the
crop is delivered, the releasePayment() function automatically moves the money to
the farmer.

. Access: We use MetaMask to let users securely sign in and manage
their digital wallets.
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Fig 1 : Decentralized Blockchain architecture

4. The Data Layer

We use PostgreSQL as our main database to store user profiles, crop
listings, and order details. To ensure total transparency, every time a payment is
finalized, the record is saved in both our PostgreSQL database and on the
Ethereum blockchain. This creates a permanent, unchangeable record of the trade.

The Oracle

We also have an external Oracle component. Think of this as a reliable
news source that checks current market prices. It feeds this live data into our
system, ensuring that farmers and buyers always see the true, fair market value
of crops. This solves the problem of "information asymmetry," where farmers
previously didn't know the real market price.

B. User Role Design

Three distinct user roles are defined within the system. Farmers can
register, list crops with quantity and pricing details, and receive payments
automatically upon delivery confirmation. Buyers can browse available listings,
place orders, and confirm receipt of goods. Distributors manage logistics, update
shipment status, and generate delivery confirmations that trigger smart contract-
based payment release. Role-based access control is enforced at the backend level,
ensuring that no user can access or modify data belonging to another role.

C. Smart Contract Design and Escrow Mechanism

We handle all payments using a custom Smart Contract (SC) written in
Solidity and deployed on the Ethereum blockchain. Think of this smart contract
as a digital, automated "escrow" service—it acts as a neutral third party that holds
the money until the job is done.
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When a Buyer places an order, the money for that order is sent to the
Smart Contract (SC). The contract immediately "locks" these funds in a digital safe.
Because the money is held inside the contract, the Farmer doesn't have to worry
about the Buyer refusing to pay later, and the Buyer doesn't have to worry about
paying for goods that never arrive.The contract keeps track of the delivery status
using a specific "delivery confirmation flag."Once the Distributor confirms that the
crop has been delivered, they send a signal to the SC. The contract automatically
recognizes this signal and releases the money directly to the Farmer’s digital
wallet.

This system completely removes the need for manual payment processing.
Because the code handles everything, it is impossible for payments to be delayed
or withheld by human error or unfair practices.

To ensure everything works perfectly, we developed and tested the code
using Remix IDE and validated every transaction on the Ganache local Ethereum
network. Every single trade generates a unique "transaction hash," which serves
as a permanent, unchangeable receipt on the blockchain, proving that payment
was sent and received successfully.

D. Oracle Integration for Real-Time Pricing

One of the biggest issues farmers face is "information asymmetry"—which
is just a way of saying that farmers often don't have access to the most up-to-date
market rates when they go to sell their produce. This often puts them at a
disadvantage.Our Oracle solves this by acting as a bridge between the outside
world and our platform. It automatically fetches live market data from reliable
sources and updates the prices on our app at regular intervals. This means that
whenever a farmer lists crops or a buyer checks the shop, they are looking at
current, accurate numbers. Because of this real-time pricing, both the farmer and
the buyer can trade with confidence, knowing the deal is based on fair, verified
market conditions.

E. System Validation Approach

System correctness was validated through a structured testing protocol
comprising Unit Testing of individual SC functions (lockFunds(), releasePayment()),
Integration Testing between the Django backend and Ethereum blockchain, and
end-to-end workflow testing covering the complete trade cycle from crop listing to
payment release. Performance was measured in terms of average transaction
completion time and concurrent transaction throughput. Data consistency
between the PostgreSQL database and blockchain ledger was verified after each
completed transaction to confirm zero discrepancy.

IV. RESULTS AND DISCUSSIONS

A. Experimental Setup
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To make sure AgroChain is reliable, secure, and ready for real-world use,
we created a controlled environment to test it from start to finish. We wanted to
see how the system behaves when it's actually running, so we set up a private,
simulated version of our platform.

We used Ganache to create a private, local version of the Ethereum
network. We set up ten test accounts, each "pre-funded" with 1000 ETH, to act
like real users trading crops.We wrote our Smart Contracts using Solidity inside
the Remix IDE. Once written, we connected them to our system using Web3.js to
handle the communication between our app and the blockchain.For the rest of the
application, we used Django to build the backend (the brain of the operation) and
linked it to a PostgreSQL database to store all the information safely. The React.js
frontend is what users see, and we integrated MetaMask so users could securely
"sign" their transactions.

B. Functional Correctness

All 15 test cases were executed successfully, covering the complete trade
lifecycle including user registration, crop listing, order placement, Smart Contract
(SC) deployment, payment locking, delivery confirmation, and automated fund
release.

The SC escrow mechanism performed with complete accuracy across all
test transactions — no funds were misdirected and payment release was triggered
correctly in every instance where a verified delivery confirmation signal was
received from the Distributor module. Specifically, the lockFunds() function
correctly locked the exact buyer-specified ETH amount in every order placement
test, and the releasePayment() function transferred funds exclusively to the
registered Farmer wallet address upon delivery confirmation in all cases. Role-
based access control was validated across all three user roles — no cross-role
unauthorized access was recorded in any test scenario.

C. Performance Analysis

We put AgroChain through rigorous testing to see how well it handles real-
world traffic. We wanted to make sure it is not just secure, but also fast and
reliable enough for farmers and buyers to use every day.

Here is what our tests showed:

. Speed (Transaction Time): On average, every trade is completed in
just 3-5 seconds. This is a great improvement over other similar systems, which
usually take 5-8 seconds. We achieved this speed by simplifying our Smart
Contract (SC) design; it is "lean,” meaning it only saves the four most important
pieces of data (the addresses and the payment details), which makes the whole
process much faster.

. Capacity (Throughput): We tested how many trades the system can
handle at once, which we measure in TPS (transactions per second). Our platform
handles 50-80 TPS. This is a 60% improvement over the 30-50 TPS limit typically
seen in other blockchain farming projects.

This proves that AgroChain is strong enough to support a regional market-
scale deployment. We used the Ganache terminal to monitor all these test
accounts, and the results clearly show that the system stays stable and fast even
when there is a lot of activity happening at the same time.
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D. Data Consistency Validation

We needed to make sure that the information stored in our website's
database (PostgreSQL) is always a perfect match for what is recorded on the
blockchain ledger. This process is called "Data Consistency," and it is vital for
making sure our records are accurate.We ran tests to compare every single trade
recorded in both places. We verified every transaction hash (the unique digital ID
for each trade) generated on the Ganache network against the corresponding order
saved in our PostgreSQL database.

The results showed a 100% match, with absolutely zero errors. This is an
important success because it proves that even when the system is under
"concurrent load"—meaning many people are buying and selling at the exact same
time—our two storage systems stay perfectly synced. This confirms that our dual-
storage design is reliable and ready for real-world use.

E. User Acceptance Testing

We conducted User Acceptance Testing (UAT) to make sure the dashboards
for Farmers, Buyers, and Distributors are simple and easy to use, even for people
who aren't tech-savvy. The results were very positive, confirming that the interface
is clear and helpful.

Here is what we verified during our tests:

. Farmer Dashboard: It clearly displayed their real-time earnings (we
tracked ¥125,000 from 45 completed sales in our tests), along with their 8 active
crop listings and 3 pending orders.

. Customer (Buyer) Dashboard: It showed their full order history and
kept them updated with accurate delivery status tags like "Delivered," "In Transit,"
and "Processing."

. Distributor Dashboard: It accurately showed the status of goods,
reflecting 45 active items, 12 pending deliveries, and a total of 28 partner farmers
across all testing sessions.

F. Comparative Analysis
Table I presents an enhanced comparative analysis positioning AgroChain

against existing blockchain-based agricultural systems identified in the literature
survey, evaluated across eight performance and feature dimensions.

Feature 1 2] 5] 8] [10] AgroChain
Daraghmi Tiwarl Pranto Lokhande Leduc

Processing Time 68s 79s 8108 57s 6'8s 3-5s

™S 20-30 25-35 15-25 30-50 30-45 50-80

Payment Partial No Partial Yes No Full Escrow

Automation

Live Price Feed No No No No No Oracle-
based

Role-Based Access  Limited Limited No No No 3-Role

Real-World Testing  Yes No No No Yes 15 Test
Cases

Escrow No No No Partial No FullSC

Mechanism

UAT Validation No No No No No Yes
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These results confirm that AgroChain outperforms existing solutions
across all measured dimensions.

Superior Speed and Capacity: With a Processing Time of just 3-5 seconds
and the ability to handle 50-80 TPS (transactions per second), AgroChain is the
fastest and most efficient system on the list.

. Advanced Features: Unlike previous systems that lack complete
tools, AgroChain includes Full Escrow (ensuring payment security), an Oracle-
based system for live pricing (so farmers get fair rates), and 3-Role access (for
farmers, buyers, and distributors).

. Proven Reliability: Many other projects skipped important steps like
full user testing. AgroChain stands out because we performed UAT Validation and
completed 15 Test Cases, proving that the system actually works in the real world.

While other researchers proved that specific parts of blockchain could
work, AgroChain is the only platform here that successfully combines speed, fair
pricing, secure payments, and real-world testing all in one place.

V. CONCLUSION

AgroChain proves that we can solve the long-standing problems in rural
Indian farming using blockchain technology. By using an Ethereum Smart
Contract and an Escrow mechanism, we remove the need for middlemen, ensuring
that farmers get paid automatically and securely the moment their delivery is
confirmed. Plus, our Oracle integration makes sure farmers always see fair, real-
time prices—a feature most other systems miss.

Our tests confirm the system is ready for the real world. We achieved fast
processing speeds of 3-5 seconds, a strong throughput of 50-80 transactions per
second, and 100% accuracy between our blockchain and database records across
all 15 test cases. This shows the system is transparent, reliable, and fast enough
for actual agricultural markets.

Future work should prioritize deployment on a public Ethereum or Polygon
mainnet to enable real monetary transactions, development of a dedicated mobile
application for field accessibility, integration of Al-based crop price forecasting,
and addition of regional language support to maximize adoption among non-
English-speaking farming communities..
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