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Abstract 

 The farm sector is challenged by various factors, such as climate volatility, ineffective resource management, and 

data security. In this paper, a new methodology is proposed where blockchain technology is combined with a 

chatbot platform to offer farmers real-time, secure, and accurate crop suggestions. Blockchain allows data 

integrity to be guaranteed, reducing risks from data tampering. The chatbot is an interactive platform, where 

farmers can enter soil parameters, location, and weather. The system processes these inputs and gives optimal 

crop recommendations based on past data and predictive analytics. The proposed solution is enhancing 

sustainable agriculture practices, boosting productivity, and ensuring long-term food security. 
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1. Introduction 

Agriculture is a vital sector that sustains global food production and supports the livelihood of billions of people 

worldwide. It plays a crucial role in economic development, employment, and food security. However, the sector 

is facing unprecedented challenges due to climate change, soil degradation, water scarcity, and increasing global 

demand for food [1]. The unpredictability of weather patterns and the lack of accurate and timely information 

make farming a complex task. Small and medium-scale farmers, in particular, struggle with access to resources, 

scientific insights, and technology, leading to inefficiencies and lower yields [2]. 

Another major issue is the fragmentation of agricultural knowledge and data. Traditional farming practices are 

largely experience-based and region-specific, limiting the ability to generalize best practices. Moreover, 

centralized agricultural databases are prone to data breaches and manipulation, reducing trust in digital solutions. 

The lack of integration between various agricultural technologies further exacerbates the problem, making it 

difficult for farmers to make well-informed decisions [3-4]. 

The advent of blockchain technology offers a groundbreaking solution to these challenges by ensuring data 

security, transparency, and decentralization. Blockchain enables tamper-proof data storage and verifiable records 

of agricultural inputs, weather conditions, and crop performance [5]. Coupled with AI-driven chatbots, which 

provide instant recommendations based on scientific data, farmers can receive real-time, customized crop 

suggestions and resource management strategies. This combination enhances decision-making, optimizes 

resource utilization, and improves overall agricultural sustainability. Traditional farming systems often rely on 
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manual expertise, which may not always yield the best results. Farmers may struggle to interpret soil nutrient 

levels, anticipate weather changes, and determine the best crops for their specific land conditions [6-9]. Our 

proposed system addresses these limitations by integrating AI and blockchain technology into a chatbot interface, 

allowing farmers to interact with an intelligent assistant that provides secure and data-driven insights. The system 

not only simplifies agricultural decision-making but also ensures the security and authenticity of farming data, 

paving the way for a more sustainable and resilient agricultural future. 

 

Figure 1. Sustainable and resilient agricultural 

 

2. Literature Survey 

Several researchers have explored various smart agricultural solutions to improve farming efficiency and 

productivity. IoT and AI-based approaches have been widely used to monitor soil conditions, predict weather 

changes, and enhance crop yield. However, these methods often come with limitations, particularly in terms of 

data security, maintenance costs, and reliability. 

Nehra et al. (2023) proposed an IoT-based smart plant management system that monitors soil moisture and nutrient 

levels [8]. Their study demonstrated that IoT sensors could significantly improve crop yield by 15%. However, 

they noted that centralized data storage posed a security risk, making the system vulnerable to cyber threats. In 

contrast, our proposed blockchain-integrated chatbot system ensures decentralized, tamper-proof data storage, 

eliminating the risk of data manipulation. 

Kodali and Sahu (2016) developed an IoT-based soil moisture monitoring system that operates on the Losant 

platform [14]. Their research emphasized the benefits of real- time monitoring in reducing water wastage and 

optimizing irrigation schedules. While effective, their approach required continuous maintenance and suffered 

from connectivity issues. Our approach leverages blockchain technology to store and process data securely, 

reducing reliance on cloud storage and mitigating connectivity concerns. Integrating AI-powered chatbot 

recommendations with blockchain-based data storage, ensuring farmers receive accurate and real-time agricultural 

insights. 

The existing research highlights the need for decentralized, tamper-proof data storage to enhance agricultural 

decision-making. While IoT and AI-based systems offer valuable insights, they often require significant 

maintenance and are prone to security vulnerabilities. By integrating blockchain with a chatbot interface, our 

solution ensures secure, real-time, and location-specific recommendations, making it a more reliable and efficient 

approach for modern agriculture. 

3. Proposed System 

The proposed system integrates an AI-powered chatbot with blockchain technology to promote sustainable 

agriculture by providing farmers with real-time insights, secure data management, and intelligent decision-making 

support. The chatbot, powered by Natural Language Processing (NLP), enables seamless communication through 

https://doi.org/10.54216/JCHCI.090203


 
Journal of Cognitive Human-Computer Interaction (JCHCI)                                 Vol. 09, No. 02, PP. 21-27, 2025 

23 
DOI: https://doi.org/10.54216/JCHCI.090203  
Received: January 28, 2025 Revised: February 25, 2025 Accepted: April 18, 2025 

text and voice, supporting multiple languages for accessibility. It acts as a virtual assistant, offering guidance on 

soil health, crop rotation, pest control, and weather conditions. Machine learning algorithms analyze historical 

data to predict crop diseases, optimize resource usage, and forecast market trends, ensuring better productivity 

and sustainability. 

Blockchain technology ensures secure and transparent record-keeping, allowing farmers to store soil reports, 

weather conditions, and yield predictions on a decentralized ledger [10]. Smart contracts automate processes like 

subsidy distribution, fair trade agreements, and insurance claims, reducing reliance on intermediaries. IoT sensors 

monitor real-time environmental factors such as soil moisture, temperature, and humidity, providing automated 

alerts and recommendations [11-16]. The system is accessible via a mobile and web-based platform, offering a 

user-friendly dashboard to track blockchain transactions and access AI- driven insights. Key benefits include 

transparency, security, optimized resource use, and improved accessibility for rural farmers. By combining AI, 

blockchain, IoT, and machine learning, this system aims to revolutionize sustainable agriculture and empower 

farmers with intelligent tools for better decision-making [17-19]. 

 

 

                                                                                  Figure 2. Decision-making 

 

 System Components 

Proposed System for Sustainable Agriculture Chatbot with Blockchain 

1. AI-Powered Chatbot: Provides real-time agricultural advice. Supports multilingual and voice recognition. 

Uses NLP for accurate responses. 

2. Blockchain-Based Data Management: Ensures secure and transparent record keeping. Stores soil reports, 

weather conditions, and yield predictions. Uses smart contracts for fair trade and insurance claims. 

3. Machine Learning for Predictive Analytics: Analyzes historical data for crop disease detection and market 

trends. Optimizes water and fertilizer usage. 

4. IoT and Sensor Integration: Monitors real-time soil moisture, temperature, and humidity. Provides automated 

alerts for farmers. 

5. Mobile and Web-Based Platform: Accessible via smartphones and web browsers. Provides a dashboard for 

tracking blockchain-based transactions. 

6. Working Mechanism: Chatbot processes user queries through text/voice. AI generates responses based on data 

analysis. Blockchain verifies data authenticity. IoT fetches real-time environmental data. Decision support 

system offers recommendations. 

7. Transparency: Immutable blockchain records. Prevents data tampering. Sustainability: Encourages eco-

friendly practices. 

8. Accessibility: Supports rural farmers with easy-to-use interfaces. 
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 Working Mechanism 

The Agri-chain chatbot is an AI-powered agricultural assistant that helps farmers make informed decisions based 

on real-time weather conditions, soil quality, and rainfall predictions. By integrating IoT sensors, blockchain 

technology, and AI-based crop recommendation systems, the chatbot enhances farming efficiency, reduces risks, 

and improves crop yields. It collects data from weather reports, IoT sensors, and blockchain-stored records to 

suggest the most suitable crops for a given location. A Soil NPK Sensor measures key nutrient levels (Nitrogen, 

Phosphorus, and Potassium), which, along with weather conditions, are analyzed to determine the best crops. This 

data is processed by a Node MCU Board and securely stored on a blockchain network, ensuring data integrity and 

transparency [20]. 

A key feature of the chatbot is its AI-powered Crop Recommendation System, which analyzes soil nutrient levels, 

weather conditions, and historical agricultural data stored in the blockchain. Farmers receive personalized 

recommendations on the best crops to plant, optimal fertilizer usage, and sustainable farming techniques [21]. 

Additionally, the chatbot provides real-time farming insights on pest control, irrigation needs, and ideal harvesting 

periods. By continuously updating its knowledge based on new data, it ensures farmers get the most accurate and 

relevant information to maximize their agricultural output. Blockchain integration ensures secure, tamper-proof 

storage of all collected data, fostering transparency and trust among farmers. The decentralized nature of the 

blockchain enables collaborative learning, allowing multiple users to access and contribute valuable farming 

insights. With its AI-driven decision-making, real-time data processing, and blockchain- backed security, the 

Agri-chain chatbot is a game-changer for modern agriculture, making farming more efficient, sustainable, and 

profitable [22]. 

 

 

 

Figure 3. Proposed System 

 

4. Challenge and Consideration 

Sustainable agriculture chatbots utilizing blockchain face challenges such as supply chain complexity, data quality 

issues, and stakeholder collaboration. Considerations include ensuring transparency, enhancing data security, and 

fostering user adoption to effectively support farmers and promote sustainable practices. Challenges in 

Implementing Blockchain for Sustainable Agriculture Chatbots. 

Supply Chain Complexity: Agriculture involves multiple stakeholders, including farmers, suppliers, distributors, 

and retailers, making coordination and integration of information challenging. The diverse nature of agricultural 

products and processes complicates the establishment of a unified blockchain system. 

Data Quality and Consistency: Ensuring uniformity in data inputs from various stakeholders is crucial for 

maintaining the integrity of the blockchain. Inconsistent data formats and silos can hinder effective data sharing 

and analysis. 
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Stakeholder Collaboration: Achieving buy-in from all parties involved is essential for successful implementation. 

Training and resources are needed to enhance digital literacy among smallholder farmers, who may lack the skills 

to utilize blockchain technology effectively.  

Interoperability Issues: Integrating blockchain with existing systems and technologies can be difficult without 

standard protocols. Ensuring seamless data interchange across different blockchain networks is vital for 

maximizing efficiency. 

Agriculture Transparency and Traceability: Implementing blockchain can significantly improve transparency in 

the supply chain, allowing consumers to trace the origin and journey of their food products. This transparency 

builds trust among consumers and encourages ethical purchasing decisions. 

Data Security and Privacy: While blockchain is inherently secure, concerns about data privacy may deter 

stakeholders from sharing sensitive information. Establishing robust security measures and protocols is essential 

to foster confidence in data sharing. 

User Adoption and Training: Providing comprehensive training and resources for farmers and stakeholders is 

crucial for effective blockchain utilization. Fostering a culture of collaboration and knowledge sharing can 

enhance user adoption and engagement. 

Regulatory Compliance: Ensuring that blockchain solutions comply with agricultural regulations and standards is 

necessary for widespread acceptance. Automated compliance tools can help streamline reporting and reduce 

administrative burdens. 

5. Performance Analysis 

Performance Analysis of Cost Reduction with Blockchain in Agriculture 

1. Data Interpretation: The graph compares the costs in three key categories (Transaction Fees, Record-Keeping 

Costs, and Operational Costs) with and without blockchain implementation 

By implementing blockchain, significant cost savings are observed: 

Table.1: Comparison of Traditional Method with Blockchain 

 

Without Blockchain 

(Traditional Methods) 

 

With Blockchain 

(Blockchain-Based) 

 

Transaction Fees: $100 

 

Transaction Fees: $30 

 

Record Costs: $120 

 

Record Costs: $40 

 

Operational Costs: $150 

 

Operational Costs: $50 

 

2. Blockchain reduces transaction fees by 70% due to decentralized, trustless payments, eliminating 

intermediaries (banks, payment gateways). 

3. Record-keeping costs decrease by 66.67%, likely due to blockchain’s ability to store immutable records 

securely, reducing the need for manual data entry, verification, and storage. 

4. Operational costs drop by 66.67%, as blockchain streamlines supply chain processes, minimizes fraud, and 

enhances automation through smart contracts. 

5. Efficiency Gains Blockchain significantly reduces costs across all categories, improving overall profitability. 

6. Scalability if these savings scale across larger agricultural businesses, the impact on the industry could be 

substantial. 

7. Adoption Challenges while blockchain lowers operational costs, initial implementation expenses (infrastructure, 

training, and regulatory adaptation) must be considered. 
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Figure 4. Cost Reduction with Blockchain in Agriculture 

 

6. Conclusion 

The integration of blockchain technology into sustainable agriculture strategies offers a transformative approach 

to addressing challenges in the agricultural domain. Blockchain ensures transparency, traceability, and efficiency 

in the supply chain, empowering farmers with real-time data and secure transactions. By adopting blockchain, 

stakeholders can enhance food security, reduce waste, and promote environmentally friendly practices. This 

innovative combination aligns with the goals of sustainable agriculture, fostering resilience and accountability 

while paving the way for a more equitable and efficient agricultural ecosystem 
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