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Abstract: This study explores the potential of integrating Internet of Things (10T) and blockchain technologies
in promoting sustainable agriculture practices in Rajasthan, India. The research examines how loT-based
solutions, such as smart irrigation systems and crop health monitoring, can optimize resource use, particularly in
water-scarce regions, while enhancing agricultural productivity. Moreover, blockchain technology is analyzed to
improve supply chain transparency, ensure fair pricing, and reduce inefficiencies such as post-harvest losses. By
examining key data and government initiatives, this study highlights the transformative impact these
technologies can have on the agricultural sector, contributing to economic growth, climate resilience, and food
security. While challenges such as high implementation costs and limited technical expertise exist, the future
scope for 10T and blockchain in sustainable agriculture remains promising, with significant opportunities for
scaling up adoption through supportive policies and infrastructure development. This research emphasizes the
importance of technological innovation in achieving sustainable and inclusive agricultural practices in
Rajasthan.
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1. Introduction

Agriculture is the backbone of many economies worldwide, playing a pivotal role in ensuring food
security, economic growth, and environmental sustainability (Dadhich & Yadav Neetu, 2024). However,
traditional agricultural practices face numerous challenges, such as resource inefficiency, climate change, and
supply chain inefficiencies, which hinder progress toward sustainable development goals (SDGs). In this
context, integrating advanced technologies like 10T and blockchain emerges as a transformative solution to
address these challenges. These technologies have immense potential to revolutionize agricultural practices,
making them more efficient, transparent, and sustainable.The loT enables the interconnection of physical
devices, sensors, and machines, allowing real-time data collection and monitoring. In agriculture, loT-driven
solutions can optimize irrigation, monitor soil health, and predict weather patterns precisely. These capabilities
help farmers make informed decisions, reduce resource wastage, and improve crop yield (Dadhich, Opoku-
mensah, et al., 2024). For instance, loT-enabled smart farming systems can provide actionable insights into
water usage and pest management, reducing dependency on harmful chemicals and fostering sustainable
practices.

On the other hand, blockchain technology enhances transparency and trust in agricultural supply chains.
By creating a decentralized ledger, blockchain ensures secure and immutable records of transactions from farm
to table. This transparency is critical in reducing food fraud, ensuring fair pricing for farmers, and maintaining
produce traceability. Blockchain-based smart contracts can further streamline payments, subsidies, and supply
chain logistics, eliminating inefficiencies and empowering stakeholders across the agricultural value chain
(Sonali Bhati, Manish Dadhich, 2024).

The convergence of 10T and blockchain offers a holistic approach to sustainable agriculture. loT
generates critical data on farming activities, while blockchain ensures the secure and transparent sharing of this
information among stakeholders. Together, these technologies can address pressing issues like food insecurity,
resource depletion, and supply chain disruptions. By fostering a data-driven ecosystem, they pave the way for
sustainable agricultural practices that align with global efforts to achieve SDG 2—Zero Hunger.This paper
explores how the synergy of loT and blockchain can transform agriculture into a more sustainable, efficient, and
resilient sector. It delves into the practical applications of these technologies, highlights their benefits, and
examines their potential impact on addressing challenges in the agricultural landscape (Dadhich & Bhaumik,
2023). By embracing these innovations, the agricultural sector can contribute significantly to global food
security while ensuring environmental sustainability and economic inclusivity.
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2. Review of Literature

loT applications in precision agriculture are revolutionizing how farming is conducted, providing farmers
with cutting-edge tools to monitor and optimize critical aspects of their operations. Real-time monitoring of soil
health, weather patterns, and crop conditions has become possible by deploying 10T sensors and connected
devices. (Zhang et al., 2020) underscore that 10T sensors embedded in soil or strategically deployed across fields
enable the collection of granular data. This data is pivotal for implementing precise irrigation, fertilization, and
pesticide applications, ensuring efficient resource utilization while enhancing crop productivity. Additionally,
10T's role extends to integrating advanced technologies like drones, which can monitor large-scale fields, and
automated systems that enhance precision farming through autonomous decision-making and implementation.
Such innovations reduce manual labor and improve operational efficiency.

Blockchain technology in agriculture introduces a new dimension of transparency and trust in supply
chain management. (Tian, 2016) emphasized blockchain's decentralized and immutable ledger as a tool to secure
transaction records, creating a traceable, tamper-proof pathway for agricultural products. This capability
empowers consumers to verify the origin and quality of their food while ensuring farmers receive fair
compensation for their efforts. Furthermore, blockchain addresses issues such as food adulteration and
counterfeit products, providing a robust framework to combat fraud. By fostering stakeholder trust, blockchain
builds a reliable agricultural ecosystem where transparency is the cornerstone of operations.

loT-driven smart farming systems mark a paradigm shift in modern agriculture, as highlighted by (Patel
et al. ,2018). These systems integrate 10T technology into automated irrigation and pest control solutions,
enhancing input efficiency and sustainability. For instance, loT-enabled weather stations can predict rainfall and
synchronize irrigation schedules to minimize water wastage. Pest control systems equipped with 10T sensors
detect pest activities in real-time, enabling timely interventions that reduce crop loss and dependency on
chemical pesticides. As a result, smart farming systems contribute to increased yields while maintaining
ecological balance.

Food traceability through blockchain is another transformative application gaining prominence.
(Kamilaris et al., 2019) demonstrated how blockchain technology creates tamper-proof digital records that track
agricultural products from farm to fork. This ensures transparency across the supply chain, bolstering consumer
trust and compliance with food safety regulations. Blockchain also allows stakeholders to monitor the
authenticity and quality of agricultural goods, paving the way for a more accountable and reliable food supply
chain system.

10T in climate-smart agriculture has become an indispensable tool for addressing the challenges posed by
climate variability. (Ahmad et al., 2021) highlighted how loT-enabled sensors provide critical data on weather
conditions, soil health, and crop performance, enabling farmers to implement adaptive strategies. Predictive
analytics powered by 10T helps farmers mitigate risks associated with extreme weather events such as droughts
and floods. By incorporating these insights, farmers can adopt resilient practices, such as altering planting
schedules or selecting climate-resistant crops, ensuring long-term sustainability in agriculture.

Blockchain-based smart contracts offer unique benefits in empowering farmers and ensuring equitable
practices in agriculture. (Kshetri, 2018) explored the potential of blockchain in automating transactions and
eliminating intermediaries. Smart contracts provide transparency in pricing, ensuring farmers receive timely
payments without deductions from middlemen. Blockchain also facilitates efficient subsidy distribution, which
is often plagued by corruption and delays, making financial aid more accessible to farmers. This empowerment
fosters an equitable agricultural ecosystem, improving farmer livelihoods.

The integration of 10T and blockchain represents a powerful convergence for sustainable agriculture. (Lin
et al., 2020) examined how loT collects real-time data on farming activities, such as soil conditions and crop
health, while blockchain ensures the secure sharing of this data. This combination creates a trustworthy and
efficient agricultural network. For instance, loT sensors can monitor the temperature and humidity of produce
during transportation, while blockchain records ensure the data remain untampered, maintaining the integrity of
the supply chain.

loT's resource optimization capabilities have been well-documented. (Wolfert et al., 2017) noted that loT
sensors installed in fields help conserve water through precision irrigation, reducing water consumption by as
much as 30%. Similarly, 10T systems assess nutrient levels in soil and facilitate targeted fertilization,
minimizing excessive chemical usage. These practices enhance agricultural efficiency while mitigating negative
environmental impacts, such as soil degradation and water pollution.

Blockchain's contribution to achieving Sustainable Development Goals (SDGs) has been explored
extensively. (Tripoli and Schmidhuber, 2018) analyzed how blockchain directly supports SDG 2—Zero
Hunger—by enhancing food traceability, reducing post-harvest losses, and facilitating fair pricing.
Decentralized marketplaces powered by blockchain technology allow small-scale farmers to connect directly
with buyers, bypassing exploitative intermediaries and ensuring better financial outcomes.
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Barriers to 10T and blockchain adoption remain a critical concern. (Nash et al., 2021) identified high
implementation costs, lack of technical expertise, and inadequate digital infrastructure as significant challenges.
These barriers limit the widespread adoption of these technologies, particularly in developing regions. The study
suggested that government subsidies, public-private partnerships, and capacity-building initiatives could help
overcome these obstacles, enabling small-scale farmers to leverage 10T and blockchain for sustainable practices.

Global case studies further highlight the transformative potential of loT and blockchain. (Jagtap et al.,
2021) examined successful implementations in India and Brazil, where these technologies addressed critical
challenges in agriculture. In arid regions of India, 10T sensors facilitated precision irrigation, improving water
efficiency and crop vyields. Meanwhile, blockchain technology in Brazil's coffee supply chain enhanced
transparency, ensuring fair prices for farmers and building trust with consumers. These examples demonstrate
the scalability and adaptability of 10T and blockchain in diverse agricultural settings, reinforcing their role in
advancing global sustainability goals.

3. Significance of 10T and Blockchain for Sustainable Agriculture Practices in Rajasthan
a. Water Resource Management
Rajasthan is India's driest state, with acute water shortages affecting agricultural productivity. 10T-
enabled precision irrigation systems can help farmers monitor soil moisture and deliver water directly to the
roots of crops, minimizing water wastage. Sensors can provide real-time data on water levels and rainfall
predictions, enabling farmers to plan irrigation schedules efficiently(Dadhich, Shukla, et al., 2024). This is
particularly valuable in Rajasthan, where conserving water is critical for sustaining agriculture.
b. Addressing Climate Challenges
Rajasthan experiences extreme weather conditions, such as droughts, heatwaves, and irregular
rainfall. 10T devices, such as weather stations and climate sensors, can provide accurate data on temperature,
humidity, and rainfall patterns. By using this data, farmers can make informed decisions about crop
selection, planting schedules, and harvesting times, making agriculture more resilient to climate change.
c. Improving Soil Health and Fertility
Soil degradation is a pressing issue in Rajasthan due to over-cultivation and improper land
management. 10T sensors can monitor soil health by analyzing nutrient levels, pH, and salinity. These
insights allow farmers to apply fertilizers and soil amendments precisely where they are needed, reducing
chemical overuse and promoting long-term soil fertility. This targeted approach is vital for maintaining
sustainable agricultural productivity in Rajasthan's fragile ecosystems.
d. Enhancing Supply Chain Transparency
Blockchain technology can revolutionize Rajasthan's agricultural supply chain by ensuring
transparency and traceability of produce. Farmers in remote areas can use blockchain to document their
crops' origin, quality, and journey from farm to market (Gaurav Kumar Singh & Manish dadhich, 2023).
This builds consumer trust and enhances market access for Rajasthan's farmers, particularly for high-value
crops like cumin, mustard, and organic produce. Additionally, blockchain reduces the role of intermediaries,
ensuring that farmers receive fair prices for their produce.

e. Promoting Organic and Sustainable Practices
Rajasthan has the potential to lead in organic and sustainable farming practices, particularly in its
semi-arid and desert regions. 10T devices can support organic farming by monitoring pest levels and
reducing dependency on chemical pesticides. Blockchain can authenticate organic certifications, providing
buyers with proof of sustainable farming practices and enhancing market value for Rajasthan's organic
produce.

f. Empowering Small-Scale Farmers
Most of Rajasthan's farmers operate on a small scale and often face challenges like market
inefficiencies and lack of access to modern technologies. Blockchain-based smart contracts can enable direct
transactions between farmers and buyers, eliminating middlemen and ensuring timely payments. loT-enabled
mobile apps can offer farmers access to real-time market prices, weather updates, and farming tips,
empowering them with the information needed to make better decisions.

g. Addressing Post-Harvest Losses
Post-harvest losses due to poor storage and transportation conditions are a significant issue in
Rajasthan. 10T sensors can monitor temperature and humidity in storage facilities and transport vehicles,
ensuring optimal conditions for perishable goods. Blockchain can track these conditions along the supply
chain, ensuring the produce remains fresh and traceable, reducing waste and enhancing profitability.
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h. Supporting Climate-Smart Crop Practices
IoT and blockchain technologies can encourage the adoption of climate-smart crops suited to
Rajasthan’s arid and semi-arid regions, such as drought-resistant millet and legumes (Heena Siroya; Manish
Dadhich; Disha Mathur; Mamta Jain; Arvind Sharma; Kamal Kant Hiran, 2023). By providing data on soil
and weather conditions, 10T can help farmers maximize the productivity of these crops while minimizing
resource inputs. Blockchain can connect farmers to markets that value sustainable and climate-adaptive
crops, ensuring higher returns.

i. Facilitating Government Programs and Subsidy Distribution
Blockchain technology can be leveraged to enhance the efficiency of government programs aimed at
supporting farmers in Rajasthan. Blockchain's transparency and immutability can ensure the equitable
distribution of subsidies, loans, and benefits to eligible farmers without delays or corruption. This ensures
that resources reach those who need them most, fostering trust and enabling sustainable agricultural
development.

Water Climate : Supply Chain
Management Resilience Soil Health Transparency

Organic Farmer Post-Harvest Climate-Smart

Farming Empowerment Losses Crops

Transparent Agri-Tech
Subsidies Growth

Fig. 1: Significance of Sustainable Agriculture Practices

j. Boosting Rajasthan’s Agri-Tech Potential
The adoption of 10T and blockchain positions Rajasthan as a leader in agri-tech innovation in India.
These technologies can attract investments and partnerships with technology providers, research institutions,
and startups, fostering a robust ecosystem for agricultural innovation. This can create employment
opportunities, boost the state’s economy, and serve as a model for other regions facing similar challenges.

4. Research Methodology

This study employs a descriptive research design using secondary data to explore the role of 10T and
blockchain in promoting sustainable agriculture in Rajasthan. Data is sourced from peer-reviewed journals,
government reports, industry publications, and case studies. Key themes analyzed include water management,
climate resilience, supply chain transparency, and farmer empowerment. The research draws on examples of
successful 10T and blockchain applications globally, focusing on their relevance to Rajasthan's unique
challenges, such as water scarcity and climate variability. Thematic analysis is used to synthesize insights, while
acknowledging the limitation of secondary data in providing real-time applicability.

5. Analysis and Discussion
The adoption of loT and blockchain technologies is revolutionizing agriculture in India, with
approximately 25% of farmers already utilizing loT-based solutions for precision irrigation, weather monitoring,
and crop health management. Blockchain's role in agriculture is expanding, with its market projected to grow
significantly in the coming years, offering transparency and traceability in supply chains. Agriculture accounts
for 83% of India’s water use, making smart irrigation systems critical in water-scarce regions like Rajasthan,
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where 10T can reduce water consumption by 30-40%. Additionally, 60% of Rajasthan’s agricultural land faces
soil degradation, and 10T sensors can monitor and improve soil health. Post-harvest losses in India, estimated at
a significant value annually, can be minimized using loT for better storage and transport. Blockchain fosters fair
pricing and direct market access, increasing farmer income by 20-30%. With growing consumers demanding
food traceability, blockchain enhances trust in food quality. These technologies also address climate variability,
which has caused a decline in Rajasthan’s agricultural productivity, by enabling adaptive practices. Rajasthan’s
Integrated Farmer Support System (IFSS) further leverages 10T and blockchain to provide real-time support to
farmers, ensuring sustainability and resilience (see table 1).

Table 1: Statistics of Sustainable Agriculture Practices

Aspect

Statistic

Source

10T Adoption in
Indian Agriculture

Approximately 25% of Indian farmers have adopted
loT-based technologies, with significant growth
expected in the next decade.

Indian Council of Agricultural
Research (ICAR), 2021

Blockchain in
Agriculture

The blockchain in agriculture and food supply chain
market is projected to grow from $133 million in 2020
to $948 million by 2025, indicating a significant
increase in adoption.

MarketsandMarkets, 2021

Water Usage in
Agriculture

Agriculture accounts for 83% of total water use in
India, highlighting the critical need for efficient water
management practices, especially in water-scarce
regions like Rajasthan.

Food and Agriculture
Organization (FAO), 2021

Soil Degradation in
Rajasthan

Approximately 60% of agricultural land in Rajasthan
faces challenges such as salinity, alkalinity, and
nutrient depletion, underscoring the importance of
technologies that can monitor and improve soil health.

Rajasthan
Department, 2020

Agriculture

Post-Harvest Losses
in India

India experiences 15-20% post-harvest losses
annually, amounting to 92,000 crores. Implementing
10T solutions can significantly reduce these losses by
improving storage and transportation conditions.

Ministry of Agriculture, 2021

Farmer Income
Growth Potential

Adopting 10T and blockchain technologies can
increase farmers’ income by 20-30%, primarily by
reducing reliance on intermediaries and enhancing
market access.

NITI Aayog, 2022

Consumer Demand
for Traceability

71% of consumers globally demand food traceability,
which can be effectively provided through blockchain
technology, thereby increasing consumer trust in
agricultural products.

IBM Food Trust, 2020

Smart Irrigation
Efficiency

loT-enabled smart irrigation systems can reduce water
consumption by 30-40% compared to traditional
irrigation  methods, making them particularly
beneficial in arid regions like Rajasthan.

ResearchGate, 2020

Climate Impact on
Rajasthan
Agriculture

Rajasthan’s agricultural productivity has declined by
15% over the past decade due to climate variability,
highlighting the need for adaptive technologies to
enhance climate resilience.

India Meteorological
Department (IMD), 2021

Integrated Farmer
Support System
(IFSS) in Rajasthan

The Government of Rajasthan has initiated the
Integrated Farmer Support System (IFSS), utilizing
emerging technologies such as 10T, blockchain, and
cloud computing to provide comprehensive support to
farmers.

Department of Information
Technology &
Communication, Rajasthan,
2025

Source: Compiled by authors

6. Recent initiative of RajathanGovernment for Sustainable Agriculture Practices (SAP)
The Government of Rajasthan has undertaken several initiatives to integrate 10T and blockchain
technologies for sustainable agricultural practices in recent years.
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Integrated Farmer Support System (IFSS)

This initiative uses a combination of 10T, blockchain, and cloud computing to provide farmers with real-
time support. It offers tools for weather forecasting, irrigation management, and crop health monitoring,
ensuring efficient resource use and enhancing productivity(Sonali Bhati; Manish Dadhich; Anand A Bhasker;
Kamal Kant Hiran; Roshni Sharma; Anurag, 2023). The system also provides access to market prices, helping
farmers make informed decisions.

Rajasthan State Agricultural Marketing Board (RSAMB)

Blockchain for Transparent Transactions: The Rajasthan government has been exploring blockchain
technology to increase transparency and traceability in the agricultural supply chain. Blockchain is being used to
track agricultural products from farm to market, ensuring fair pricing, reducing fraud, and improving market
access for small farmers.

Smart Irrigation System in Water-Scarce Areas

Rajasthan, one of India's driest regions, has adopted loT-based smart irrigation systems to optimize water
usage. These systems monitor soil moisture levels and adjust irrigation schedules accordingly, helping farmers
save water, reduce costs, and improve crop yields.

Rajasthan Agricultural Data and Analytics Centre (RADC)

The state government has established RADC to collect and analyze data related to soil health, weather,
and crop conditions using loT sensors(Robert Mwiinga, 2022). This center provides valuable insights to
farmers, helping them adopt climate-smart agricultural practices and mitigate the impact of climate change.

Digital Agriculture and E-Governance in Agriculture

The state is promoting digital agriculture through IoT, blockchain, and data analytics platforms. These
technologies are helping improve decision-making processes, enhance productivity, and ensure sustainability in
agriculture by providing better insights into soil health, crop management, and resource utilization.

Integrated Farmer Support System

Blockchain for Transparent Transactions

Smart Irrigation System

Agricultural Data and Analytics Centre

Digital Agriculture

E-Governance in Agriculture

Fig. 2: Recent Initiative of Rajasthan Government

These initiatives represent a significant step toward modernizing agriculture in Rajasthan by
incorporating advanced technologies like 10T and blockchain, ensuring long-term sustainability, enhancing
productivity, and improving the lives of farmers.

7. Implications of the Study
The study on harnessing loT and blockchain for sustainable agriculture in Rajasthan has several key
implications: it can enhance agricultural productivity through precision farming, improve water management
with smart irrigation, and boost sustainability by enabling climate-resilient practices. Blockchain technology
ensures transparency, reducing inefficiencies in the supply chain and increasing farmer income by enabling
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direct market access. These technologies also support policy advancements and infrastructure development,
critical for widespread adoption. Generally, integrating 10T and blockchain can drive economic growth, increase
farmer incomes, and address environmental challenges, offering a model for other regions facing similar issues.

8. Limitations and Future Scope

While the study on harnessing 10T and blockchain for sustainable agriculture in Rajasthan offers
significant insights, there are certain limitations. First, the high initial costs of 10T devices and blockchain
infrastructure may hinder widespread adoption among small-scale farmers, particularly in rural areas with
limited financial resources. Additionally, farmers' lack of technical expertise and digital literacy can pose
challenges in effectively utilizing these technologies. Furthermore, the availability of reliable internet
connectivity, especially in remote parts of Rajasthan, remains a significant barrier to implementing loT-based
solutions.

Despite these limitations, the future scope of the study is promising. The growing trend of government
initiatives, such as the Integrated Farmer Support System (IFSS), offers an encouraging outlook for the wider
adoption of 10T and blockchain technologies. In the future, it is essential to focus on lowering the costs of 10T
devices and improving infrastructure, including internet access, to ensure inclusiveness. Additionally, further
research into integrating these technologies with Al and machine learning could enhance predictive analytics,
improving decision-making processes for farmers. Expanding blockchain's role in facilitating decentralized
markets for farmers and promoting traceability across the entire supply chain can lead to greater food security
and transparency. Future studies could also explore these technologies' long-term socio-economic and
environmental impacts, ensuring that they provide sustainable benefits for farmers and the broader agricultural
ecosystem.

9. Conclusion

Integrating 10T and blockchain technologies in sustainable agriculture practices holds significant
potential for transforming farming in Rajasthan. These technologies offer solutions to critical challenges such as
water scarcity, soil degradation, and post-harvest losses, while also enhancing agricultural productivity and
ensuring fairer market access for farmers. 10T can optimize resource usage, improve crop management, and
contribute to climate-smart farming, while blockchain ensures transparency and traceability throughout the
agricultural supply chain. Despite challenges such as high implementation costs and limited digital
infrastructure, government initiatives and growing adoption of these technologies offer a promising future. With
continued research, policy support, and technological advancements, 10T and blockchain can drive long-term
economic growth, improve farmers' livelihoods, and foster sustainable agricultural practices in Rajasthan and
beyond.
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