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Abstract - The fusion of IoT (Internet of Things)
technology with blockchain has given rise to Smart
Agriculture systems, promising enhanced transparency,
traceability, and operational efficiency. This paper explores
the integration of IoT sensors in Smart Agriculture, where
each sensor is uniquely identified and its data securely
stored on a blockchain. The study extends to encompass the
entire farming product supply chain. We scrutinize the core
elements of the Smart Agriculture system, emphasizing the
strategic deployment of IoT sensors, each meticulously
authenticated, creating a resilient network of data
collection points. This data is meticulously validated and
immutably stored on a blockchain, ensuring data integrity
and security. Additionally, we delve into the role of
blockchain in agricultural supply chain management,
meticulously documenting all stages, from cultivation and
harvesting to distribution and delivery, fostering
transparency and operational efficiency. Consumers can
access this blockchain-backed traceability = system,
bolstering trust in the origin and quality of agricultural
products. This research illustrates the transformative
potential of integrating IoT and blockchain in agriculture,
optimizing farming practices, ensuring security, and
streamlining supply chains for the benefit of global food
security and sustainability.
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1.INTRODUCTION

Agriculture, the cornerstone of civilization, is currently
undergoing a profound transformation. With the global
population expanding rapidly and food security concerns
growing, the agricultural sector is embracing the promises
of technology. Smart agriculture, a confluence of
innovative technologies, is ushering in a new era
characterized by precision farming, resource optimization,
and sustainability. This research paper explores a pivotal
aspect of smart agriculture— a system that revolutionizes
soil health monitoring while simultaneously redefining the
management of the agricultural supply chain. At its heart,

this system leverages a comprehensive network of IoT
sensors thoughtfully deployed across fields, each sensor
possessing a unique identity. These sensors continuously
monitor soil conditions, moisture levels, nutrient content,
and other critical factors, providing farmers with real-time
data and insights for informed decision-making and
optimized soil management. This integration facilitates
not only the real-time monitoring of soil health but also a
transparent, efficient, and secure supply chain, ensuring
the quality, safety, and sustainability of agricultural
products.

1.1 Traditional Farming and supply chain Method

The traditional farming and supply chain methods
exhibit several inherent limitations, as delineated below:
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Fig -1: Manual Farming Method

Traditional farming methodologies are marked by
intrinsic drawbacks that hinder precision and efficiency in
agricultural practices. One prominent issue lies in the
manual estimation of crucial soil parameters, including
soil moisture levels and pH levels. These manual methods
are susceptible to human error and subjectivity, resulting
in less accurate assessments. Additionally, traditional
farming often lacks access to real-time and precise
weather condition data. This absence of up-to-date
weather information can compromise decision-making
processes, making it challenging to respond effectively to
changing environmental conditions. Accurate weather
data is vital for making informed choices related to
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irrigation, pest and disease management, and crop
planting and harvesting.
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Fig -2: Manual Agriculture product Supply Method

Within the agricultural food supply chain, a consortium of
essential stakeholders collaborates to orchestrate the
seamless journey of agricultural products from farm to
consumer. At its core, farmers, as primary producers, are
responsible for the cultivation of crops and the raising of
livestock. They engage with local middlemen and
commission agents, acting as intermediaries who facilitate
transactions and bridge connections between the
agricultural producers and wholesalers. Wholesalers, in
turn, procure agricultural products in substantial
quantities, managing the crucial aspects of storage and
transportation. These products eventually reach the hands
of retailers, where discerning consumers make their final
selections. As the ultimate end-users, consumers wield
significant influence within the supply chain by virtue of
their preferences, thereby shaping the availability, quality,
and pricing of agricultural goods. This intricate network of
stakeholders collectively contributes to the efficiency,
resilience, and dependability of the food supply system,
with each participant bearing a unique responsibility in
molding the agricultural landscape.

2. Proposed System for Integration of Blockchain
and IoT Sensor Networks for Enhanced
Transparency and Efficiency in Agricultural
Supply Chains

Our proposal suggests a system that brings together
two powerful technologies, blockchain and IoT, to improve
the way we manage the agricultural supply chain. The
main goal is to make the supply chain more transparent
and efficient, addressing challenges that have existed for a
long time. In this system, we'll place 10T sensors all around
farms to collect real-time data about things like soil
conditions and weather conditions. Each sensor will have
a unique identity recorded on the blockchain, ensuring

that the data is secure and trustworthy. These sensors will
send their data to the blockchain, where it's stored safely
and can't be changed. The blockchain is like a digital
ledger that keeps a record of all the transactions. In this
case, it records when data is collected from the sensors
and all the steps along the supply chain, from the farm to
your plate. This way, everyone involved, from the farmers
to the consumers, can see accurate and up-to-date
information about the products. Smart contracts, which
are like self-executing agreements, will automate many
parts of the supply chain. For example, when the sensors
detect that the soil is getting too dry, a smart contract can
automatically turn on the irrigation system to water the
crops. This system is a big step forward for agriculture. It
can help solve old problems, make the supply chain fairer,
and give consumers a better understanding of the food
they eat. It's a practical solution that has the potential to
improve the quality and sustainability of our food supply

chain.
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Fig -3: Overview of Proposed System at Farm

Initially, data is gathered from the sensors deployed
within the agricultural environment. This data is
subsequently stored securely within the blockchain,
facilitating convenient monitoring through various devices
such as mobile phones, laptops, and desktop computers. At
the point of data storage, smart contracts assume a pivotal
role in automating critical actions. For instance, when the
soil moisture level descends below a specified threshold,
such as 25%, a smart contract is automatically activated,
triggering the irrigation system to provide necessary
hydration to the affected crop area. This automation not
only optimizes resource allocation but also reduces the
necessity for manual intervention, ultimately enhancing
the efficiency and sustainability of agricultural operations.
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Fig -4: Overview of Proposed System at Product Supply
chain Management

The description provided elucidates the operational
sequence of the envisaged system. The smart electricity
meter transmits pertinent parameters, such as voltage and
household power consumption, employing established
communication protocols. Subsequently, this data is
transmitted to the cloud for scrutiny through the
execution of a smart contract, characterized as an
autonomous code that activates upon the satisfaction of
specified conditions. Should the transmitted data be
deemed valid, it is subsequently encapsulated into a block
and proceeds to engage the Bill Payment Smart Contract.
In instances where the data is adjudged invalid, it is
likewise logged into the ledger, while an error message is
dispatched to the end user.

3. Step By Step Flow For Integration Of
Blockchain And IoT Sensor Networks For
Enhanced Transparency And Efficiency In
Agricultural Supply Chains

Step-1 : The farm installs IoT sensors throughout its
fields. These sensors include soil moisture sensors,
temperature sensors, humidity sensors, and GPS trackers
for machinery. Each sensor is assigned a unique identity
on the blockchain network.

Step-2 : 10T sensors continuously collect data. This data is
securely stored on a blockchain, with each piece of data
recorded as a transaction. The blockchain ensures that
data cannot be altered or deleted, providing an immutable
record of the farm's conditions.

Step-3 : Data collected from the IoT sensors, including
sensor ID, timestamp, and data value, are recorded as
transactions on the blockchain.

Step-4 : Smart contracts on the blockchain automate
actions based on IoT data.

Step-5 : Using blockchain, the farm creates a traceability
system. Each agricultural product is tagged with a QR code
that consumers can scan. When a consumer scans the QR
code, they can access a blockchain record showing the
entire history of the product, from the field where it was
grown to its journey through the supply chain.

Step-6 : The blockchain system ensures that the product is
handled according to predefined standards. For example,
it records when the product was harvested, the
temperature during transportation, and the conditions in
which it was stored.

Step-7 : The blockchain network is designed with access
control. Farmers, distributors, and regulators have
different levels of access. Farmers can access and update
data related to their own fields, while regulators can verify
the authenticity of the data.

Step-8 : Independent certification agencies periodically
audit the data recorded on the blockchain. They verify that
the data is accurate and aligns with industry standards,
which builds trust among consumers.

Step-9 : Using blockchain-based cryptocurrencies or
smart contracts, farmers can receive payments as soon as
their products are delivered to buyers. The smart contract
automatically releases payment when the delivery
conditions are met.

4. Implementation for Integration of Blockchain
and IoT Sensor Networks for Enhanced
Transparency and Efficiency in Agricultural
Supply Chains
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Fig -5: Sensor Connections of Proposed System at Farm

In above figure, the ESP32 serves as the central
microcontroller, functioning as the core processing unit
for the system. It orchestrates control, monitoring, and
automation of diverse functions. Positioned in an
agricultural setting, the system is equipped with three
essential sensors: the DHT11 temperature and humidity
sensor for environmental monitoring, the Soil Moisture
Sensor for assessing soil moisture levels, and an analog pH
sensor for measuring soil pH levels. This network of
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sensors is strategically deployed within the agricultural
landscape, specifically within a farm. The data collected by
these sensors, including sensor ID, timestamp, and
measurements, is meticulously recorded and securely
stored in a blockchain infrastructure. This data
accessibility extends to mobile devices and laptops,
allowing stakeholders to gain real-time insights into the
prevailing environmental conditions. A critical feature of
this system is the incorporation of a Smart Contract Code,
within which a predefined threshold value is established.
This threshold value acts as a pivotal parameter. When the
sensor measurements deviate beyond the threshold value,
the Smart Contract Code is automatically activated. This
mechanism prompts farmers and stakeholders to
undertake necessary actions based on the received sensor
data, ensuring prompt responses to environmental
changes. Beyond data storage, the blockchain platform
also supports automated payment systems, enhancing the
transparency and security of financial transactions.
Furthermore, it facilitates product traceability,
safeguarding against tampering and ensuring the
authenticity and integrity of the supply chain. This
comprehensive visibility from the crop's growth stages to
its final sale on the blockchain instills trust in the system,
benefitting all stakeholders involved.

5. Benefits for Integration of Blockchain and IoT
Sensor Networks for Enhanced Transparency and
Efficiency in Agricultural Supply Chains

1. Enhanced Transparency: Blockchain's distributed
ledger technology instills a new level of transparency,
ensuring that all stakeholders access immutable, real-time
data, fostering trust and accountability throughout the
supply chain.

2. Improved Traceability: The integration enables end-
to-end traceability, allowing consumers to verify the origin
and quality of products, thereby reinforcing food safety
and authenticity.

3. Efficient Resource Management: IoT sensors enable
real-time monitoring of soil conditions, weather, and crop
health, leading to informed decisions and efficient
resource allocation, while reducing waste and
environmental impact.

4. Reduction in Intermediaries: Smart contracts and
blockchain streamline transactions, potentially reducing
the need for intermediaries and diminishing the
associated costs and complexities.

5. Enhanced Product Quality: The system empowers
stakeholders to monitor and maintain product quality
throughout the supply chain, ensuring that consumers
receive safe, high-quality products.

6. Secure Transactions: The blockchain's robust security
measures enhance payment security, reducing fraud and
ensuring fair compensation for farmers and stakeholders.

6. Performance Metrics

The integration of IoT and blockchain in agriculture
demonstrates superior efficiency compared to utilizing [oT
alone. This synergy extends resource management beyond
the confines of the farm by providing transparent and
secure data exchange throughout the supply chain. While
[oT enhances resource allocation within the farm,
blockchain adds transparency and traceability across the
entire agricultural ecosystem. This not only optimizes
resource utilization at a broader scale but also ensures the
security and integrity of data, fostering trust and reducing
cybersecurity risks.

Integration of Blockchain and
loT Sensor Networks for
54.5% Enhanced Transparency and
Efficiency in Agricultural
Supply Chains
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chain of product

45.5%

Fig -6: Efficiency Comparison

The graph compares trust levels between two agricultural
systems: one utilizing IoT and the other incorporating
both IoT and blockchain technology. In the "Smart
agriculture using IoT and manual supply chain" system,
trust levels are measured at 55%, indicating a moderate
level of confidence. However, the "Integration of
Blockchain and IoT Sensor Networks for Enhanced
Transparency and Efficiency in
Agricultural Supply Chains" system boasts a significantly
higher trust level of 100%, signifying a substantial
increase in confidence. This underscores how the
integration of blockchain technology enhances trust and
security in agricultural processes, making it a promising
advancement for the industry.

. Smart Agriculture Using Integration of Blockchain and loT
loT and Manual Sensor Networks for Enhanced
Supply chain Transparency and Efficiency in

Agricultural Supply Chains

Fig -7: Trust Comparison
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The accuracy graph provides a clear comparison of three
agricultural systems: "Manual Farming and supply chain”,
"Smart Agriculture using IoT and Manual supply chain”,
and "Integration of Blockchain and IoT Sensor Networks
for Enhanced Transparency and Efficiency in
Agricultural Supply Chains. The Manual system achieves
an accuracy of 55.5%, demonstrating reliable data
collection but leaving room for improvement. The IoT
system with manual supply chain outperforms manual
methods with an accuracy of 78.3%, benefiting from real-
time data collection capabilities. However, the integration
of IoT and Blockchain system achieves the highest
accuracy at an impressive 99.2%, showcasing the powerful
synergy between IoT and blockchain technologies in
ensuring impeccable data integrity and security. This
advancement holds great potential for elevating the
reliability of agricultural data management and ultimately
enhancing global food security.

100 T

80 78.3%
g v 55.5%
i
20
/] =
Manual farming Smart A g of Blockchain and
and supply chain using loT and 1oT Sensor Networks for
Manual supply chain Enhanced Transparency and
Efficiency in Agricultural
Supply Chains

Fig -8: Accuracy Comparison
7. CONCLUSION

In conclusion, the amalgamation of blockchain and IoT
sensor networks within agricultural supply chains has
yielded a profound transformation, marked by heightened
transparency and efficiency. This research has
underscored the pivotal role of these technologies in
mitigating enduring challenges within the agricultural
domain. The implementation of blockchain technology has
instilled an unprecedented level of trust and transparency
throughout the supply chain, enabling real-time data
access, informed decision-making, and the verification of
product authenticity. Smart contracts have streamlined
operations, reducing administrative complexities and
expediting transactions, benefitting all participants.
Concurrently, IoT sensor networks have revolutionized
data acquisition, furnishing real-time insights into soil
health, crop conditions, and environmental parameters.
This data has empowered farmers to make informed
choices, optimize resource allocation, and curtail wastage.

The fusion of sensor networks and blockchain technology
has fortified data security and integrity, safeguarding
against tampering and enhancing the overall credibility of
the supply chain. As the trajectory unfolds, widespread
adoption and harmonization among stakeholders are
imperative. Success hinges not only on technological
advancements but also on knowledge dissemination and
collective awareness, all of which are instrumental in
propelling the agricultural sector toward a more
transparent, sustainable, and efficient future. This
research underscores the transformative potential of
these technologies, charting a course toward a resilient
and environmentally-conscious agricultural landscape.
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