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Abstract: The agricultural sector in India faces significant challenges due to climate unpredictability, pest outbreaks, 

and inadequate access to precision tools for farmers. This paper presents a comprehensive platform that integrates 

Generative AI with modern web technologies to enhance agricultural decision-making. Developed using Django 

(backend) and Next.js (frontend), the solution delivers crop prediction, soil health analysis, pest detection, market 

monitoring, and an interactive AI chatbot. The model leverages machine learning (Random Forest, deep neural 

networks) and GPT-based AI to produce dynamic, context-aware advisories. Testing indicates high reliability, 

scalability, and ease of use for farmers with varying levels of technological proficiency. The design is user-centered, 

optimized for both desktop and mobile access, and adaptable to diverse environmental and geographic scenarios. 

 

I. PROBLEM STATEMENT 

 

Traditional farming practices in India heavily depend on manual expertise and lack support from timely, personalized, 

and data-driven decision-making tools. This reliance results in reduced productivity, heightened susceptibility to pests 

and climatic variability, and economic instability for smallholder farmers. Existing technological solutions are often 

fragmented, outdated, or insufficiently localized to address region-specific challenges. Therefore, there is a pressing 

need for a unified, intelligent, and adaptive system that leverages Generative AI to provide real-time, context-aware 

agricultural insights. 

 

II. OBJECTIVE 

 

This research aims to design and implement a comprehensive, AI-powered agricultural advisory system that empowers 

farmers through predictive analytics and conversational intelligence. The system is capable of predicting suitable crops 

by analyzing soil and weather inputs, classifying soil health using AI models, forecasting pest outbreaks through 

symptom analysis, integrating real-time climate and market data, and delivering tailored advisories via a generative AI 

chatbot interface. 

 

III. TECHNOLOGIES USED 

 

The frontend is built with Next.js 15 and Tailwind CSS, enhanced by ShadCN/UI components for a sleek and 

consistent design. The backend uses a modular Django REST Framework architecture, enabling easy maintenance and 

scalability. AI models include a Random Forest for crop prediction, a deep neural network for soil classification, and 

CNN/LSTM models for pest detection.  

 

Data is stored in PostgreSQL and managed through Prisma ORM, which provides a modern and efficient interface for 

database operations. The system is containerized with Docker, with the frontend hosted on Vercel and the backend 

deployed on Railway or Render for reliable cloud hosting. Testing is performed using Postman for APIs, Jest for 

frontend, and Django Testcase for backend to ensure code quality. Cloud integrations include GPT-based chatbot 

services and weather/market APIs, offering real-time insights and natural language support for users. 

 

IV. MODULES / COMPONENTS 

 

The system implements JWT-secured, role-based authentication to ensure that farmers and admins have appropriate 

access levels and data security. For crop prediction, it suggests optimal crops by analyzing a combination of 

environmental conditions and soil metrics. Soil health is assessed through deep learning models that classify fertility 

levels, with results presented via intuitive visual dashboards. Pest forecasting leverages user-submitted symptom data 

alongside historical records to predict potential threats accurately.  
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Real-time weather and market information is continuously updated by fetching dynamic data from government APIs, 

keeping users informed with the latest conditions. The Agri Bot chatbot, powered by GPT, offers an interactive 

conversational assistant to provide personalized farming advice and support. Additionally, the platform includes stock 

and worker management dashboards, enabling users to efficiently track agricultural resources and labor costs in one 

centralized interface. 

 

V. WORKFLOW 

 

Users access the platform through a secure Next.js-based login interface that ensures safe authentication and session 

management. Once logged in, users can submit various inputs such as detailed soil data, pest symptoms, and crop 

parameters through intuitive forms. These inputs are sent to the backend, where Django efficiently routes the data to the 

respective AI modules—such as crop prediction, soil fertility analysis, and pest forecasting—for real-time inference 

and analysis.  

 

The processed results are then visualized on responsive, interactive dashboards that provide clear insights and 

actionable recommendations tailored to the user’s farm conditions. Additionally, users can interact with Agri Bot, an 

intelligent chatbot powered by GPT, to ask natural language questions and receive context-aware agricultural advice, 

making complex data and predictions more accessible and user-friendly. This seamless integration between user input, 

backend AI processing, dynamic visualization, and conversational assistance creates a comprehensive and engaging 

experience for modern agricultural management. 

 

VI. IMPLEMENTATION DETAILS 

 

The system leverages a Random Forest classifier for crop prediction, utilizing key features such as soil nutrients (N, P, 

K), pH, temperature, and humidity to accurately forecast suitable crops. Soil fertility analysis is powered by a deep 

neural network trained on labeled datasets, with results presented through confidence scores and confusion matrix 

visualizations to ensure interpretability. Pest forecasting combines user-submitted symptom descriptions, 

environmental conditions, and crop growth stages to predict potential infestations effectively.  

 

The conversational interface, Agri Bot, employs an LLM middleware that routes user queries to GPT models, 

delivering natural, context-aware responses. Architecturally, the platform is organized into modular Django 

applications dedicated to each core functionality—CropRF for crop prediction, Soil Fertility for soil analysis, and Pest 

Predictor for pest forecasting. The frontend, built with Next.js, features interactive map visualizations, financial 

summaries, and commodity price tracking for comprehensive farm management. Data persistence is managed through a 

PostgreSQL database integrated with Django’s ORM, supporting seamless CRUD operations. The entire system is 

containerized with Docker and deployed via Vercel, ensuring fast, scalable, and accessible service delivery. 

 

VII. RESULTS 

 

The system has demonstrated strong performance across all core modules. The crop prediction model achieved an 

accuracy of approximately 93%, reflecting its effectiveness in handling diverse input features. The soil fertility 

classification model produced consistent multi-class outputs, with confidence scores exceeding 90% across all 

categories. Its performance is further supported by the confusion matrix, which shows high classification accuracy with 

minimal misclassifications, particularly between adjacent fertility levels.  

 

Pest prediction was implemented through a dedicated API that integrated environmental data, crop type, and growth 

stage to assess potential risks. Test scenarios showed that the API-based pest prediction aligned well with real-world 

outbreak patterns, validating its practical utility. The integrated GPT-based chatbot delivered accurate and contextually 

relevant responses, which were validated through expert reviews from agricultural specialists. Additionally, the user 

interface was found to be intuitive and responsive, offering a seamless experience on both desktop and mobile 

platforms. System performance remained robust under concurrent load conditions, ensuring consistent responsiveness 

and scalability for real-world deployment. 
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Fig1: Confusion Matrix 

 

VIII. CONCLUSION 

 

The integration of Generative AI with agricultural data analytics yields a robust and farmer-friendly decision-support 

platform. The solution not only enhances crop planning and soil health management but also democratizes access to 

real-time advisory through AI-driven interaction. Designed with extensibility and inclusivity in mind, it empowers 

marginal farmers to make informed decisions quickly and effectively. To support the system’s performance claims, an 

accuracy graph has been included, visually depicting the predictive accuracy across key modules such as crop 

recommendation, soil classification, and pest prediction. This provides clear insight into model reliability and practical 

viability. Future work will focus on real-time sensor integration, multi-language support, and federated learning for 

privacy-preserving improvements. 
 

 
 

Fig2: Accuracy Graph 

 

Future Scope 

Further improvements could include integrating IoT devices for real-time soil and climate monitoring, expanding 

language and voice support for accessibility, deploying lightweight models on edge devices to support offline 

functionality, and incorporating drone or satellite imagery for spatial analysis. Additional features like livestock 

management, water conservation modules, and historical trend analytics will extend the platform’s utility and scope in 

future iterations. 
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Dataset Used 

Training and validation data for the soil fertility prediction model were sourced from agricultural research datasets, 

specifically CSV files containing detailed soil parameters such as nutrient levels, pH, and moisture content. These 

datasets were carefully preprocessed, cleaned, and augmented where necessary to ensure the model's robustness and 

contextual relevance. Market price information used elsewhere in the system was retrieved from public APIs provided 

by the Indian government, while other datasets like pest occurrence logs and weather data support additional model 

functionalities. 
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