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Abstract—

Agriculture faces challenges such as unpredictable
weather, crop diseases, pest infestations, and inefficient
resource ~ management.  This  paper
GREENSYNC, an Al-powered smart agriculture
platform designed to improve farming efficiency through

presents

intelligent crop monitoring, weather forecasting, and
precision farming tools. The system integrates crop
disease detection using image analysis, fertilizer and
pesticide calculators, farming analytics, and an Al

agronomy assistant for smart recommendations.
Developed wusing Nextjs, TypeScript, Node.js,
1. INTRODUCTION

1.1 Importance of Digital Agriculture

Agriculture remains the backbone of many economies
worldwide. However, farmers continue to face challenges
such as climate variability, soil degradation, crop
diseases, pest outbreaks, and inefficient use of fertilizers
and pesticides. Traditional agricultural methods often
depend heavily on manual observation and generalized
practices, leading to reduced crop yield and increased
operational costs.

Digital agriculture platforms provide an opportunity to
modernize farming practices by integrating artificial

PostgreSQL, and Al APIs, GREENSYNC provides real-
time insights for irrigation, nutrient management, and
crop health optimization. The platform enhances
agricultural decision-making, reduces resource wastage,
and promotes sustainable farming practices through a
modern, responsive dashboard system.

Keywords— Smart Agriculture, Precision Farming, Crop
Disease Detection, Weather Intelligence, Al Agriculture
Assistant, Fertilizer Calculator, Pesticide Calculator,
Farming Analytics..

intelligence, data analytics, weather intelligence, and
automation into daily agricultural workflows.

1.2 Rise of Smart Farming Technologies

Recent advancements in Al, IoT, cloud computing, and
computer vision have accelerated the development of
precision agriculture systems. Farmers can now access:
e Real-time weather forecasting

e Crop disease identification

¢ Soil and nutrient analysis

o [rrigation optimization

e Predictive farming insights

e Automated agricultural recommendations
GREENSYNC leverages these technologies to provide
an integrated smart farming ecosystem.
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1.3 Limitations of Existing Agriculture Applications
Existing agricultural systems and farming applications
often suffer from several limitations:

o Fragmented tools requiring multiple applications

e Lack of integrated Al assistance

¢ Poor weather prediction integration

e Limited pesticide and fertilizer optimization

e Complex interfaces unsuitable for farmers

¢ No centralized farming analytics dashboard

e Weak visualization and decision-support systems

1.4 Proposed Solution: GREENSYNC

To overcome these challenges, GREENSYNC introduces
a unified Al-powered agriculture platform with the
following capabilities:

o Al-based crop disease detection using image analysis
¢ Smart fertilizer reccommendation engine

¢ Precision pesticide dosage calculator

¢ Farming productivity and ROI analytics

e Weather intelligence and forecasting dashboard

o Al Agronomy Assistant chatbot

¢ Smart irrigation and spraying recommendations

o Real-time farming insights and alerts

e Responsive dark-mode dashboard Ul

1.5 Objectives of the Research

The primary objectives of GREENSYNC are:

e To improve agricultural productivity using Al and
analytics

e To simplify crop monitoring for farmers

e To optimize fertilizer and pesticide usage

e To reduce crop losses caused by diseases and climate
conditions

e To provide intelligent farming recommendations

e To create a scalable and user-friendly smart farming
platform

1.6 Contributions of the Paper

The major contributions of this research work include:

e Development of a role-based smart agriculture
platform

o Integration of weather intelligence with farming
operations

e Al-powered crop disease identification system

e Precision farming calculators for fertilizers and
pesticides

o Interactive agricultural analytics dashboard

o Al chatbot for agricultural guidance

o Dark-mode responsive SaaS-style Ul for agricultural
operations

Scope of the Research:
o JoT sensor integration for real-time soil monitoring

e Drone-based crop surveillance

o Satellite imagery analysis

e Machine learning-based yield prediction

e Voice-based multilingual Al assistant

e Blockchain-based agricultural supply chain tracking
e Smart irrigation automation

e Wearable integration for field workers

e Offline farming analytics support

2. LITERATURE REVIEW

A. Precision Agriculture Systems

Research in precision farming highlights the importance
of integrating environmental monitoring, crop analysis,
and predictive recommendations for increasing
agricultural productivity.

B. Al-Based Crop Disease Detection

Several studies demonstrate the effectiveness of
convolutional neural networks and computer vision
models in identifying crop diseases through leaf image
analysis.

C. Weather-Driven Agricultural Analytics

Modern agricultural systems increasingly rely on weather
prediction and environmental intelligence to optimize
irrigation schedules, pesticide spraying windows, and
harvesting timelines.

D. Smart Fertilizer Recommendation Systems
Research indicates that nutrient-specific fertilizer
recommendations based on soil analysis significantly
improve crop yield and reduce resource wastage.

E. AI Chatbots in Agriculture

Al assistants and conversational systems are becoming
effective tools for delivering personalized agricultural
guidance and decision support to farmers.

F. Sustainable Farming and Resource Optimization
Studies show that smart monitoring systems can reduce
excessive pesticide and fertilizer usage while improving
sustainability and operational efficiency.

GREENSYNC combines these approaches into a single
integrated agriculture ecosystem.

3. SYSTEM ARCHITECTURE

The GREENSYNC platform follows a modular, scalable,
client-server architecture with Al integration and
cloud-based analytics.

3.1 Level-0 DFD (Context Diagram)

Figure 1 (Context Diagram) represents the overall
workflow of the GREENSYNC Smart Agriculture
Platform. The Farmer/User provides inputs such as crop
images, fertilizer and pesticide details, farming
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calculations, weather requests, and Al queries. The
system processes these inputs using Al-powered analysis
and external Weather/API services to generate crop
health analysis, fertilizer and pesticide recommendations,
farming insights, weather alerts, and Al-based guidance.
The Admin/Expert manages and monitors the system
outputs, while external weather and Al services supply
real-time data and analysis support to improve decision-
making in smart farming.
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Figure 1 — Level-0 DFD of GREENSYNC System
3.2 Level-1 DFD

Figure 2 shows how the GREENSYNC Plant Diagnostic
Bot processes user text, voice, and image inputs to detect
plant diseases. The system uses NLP, image
classification, crop and disease databases, weather APIs,
and Al models to analyze symptoms, predict diseases,
and generate treatment recommendations. Finally, the
response generator sends diagnosis results and farming
advice to the user, while the admin manages and updates
the system.

GREENSYNC: AN INTELLIGENT NLP-BASED PLANT DIAGNOSTIC BOT
DATA FLOW DIAGRAM (DFD) - LEVEL 1

Figure 2 — Level-1 DFD of GREENSYNC System

3.3 System Overview

The platform consists of the following major modules:
1. Authentication & User Management

2. Crop Monitoring System
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Weather Intelligence Engine
Fertilizer Recommendation Engine
Pesticide Optimization System
Farming Analytics Dashboard

Al Agronomy Assistant

8. Reporting & Visualization Module
3.4 Architecture Components
Frontend Layer

e Next.js 14

e TypeScript

e Tailwind CSS

e ShadCN UI

e Recharts

e Responsive dark-mode Ul
Backend Layer

e Node.js

N W

e Express.js

e REST APIs

e JWT Authentication
Database Layer

e PostgreSQL

¢ Prisma ORM

Al Layer

e OpenAl API

e Crop disease prediction models
e Recommendation engine
Cloud & Deployment

e Vercel Deployment

e Supabase Database

¢ Cloudinary Image Storage

3.5 Detailed Module Descriptions

3.5.1 Dashboard Module

The dashboard provides a centralized view of agricultural
analytics and operational insights.

Features:

e Weather alerts

e Crop health metrics

e Land monitoring

e Profit estimation

e Smart farming insights

¢ Resource tracking

e Forecast visualization

3.5.2 Photo Scanner Module

The crop scanner enables farmers to upload crop images
for disease detection.

Functionalities:

¢ Image upload and camera support

e Al-based disease prediction
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¢ Confidence scoring
e Treatment recommendations
e Historical scan records

3.5.3 Fertilizer Calculator Module

This module calculates nutrient requirements based on
crop type, land area, and soil nutrient levels.

Inputs:

e Crop type

¢ Soil nitrogen level

e Phosphorus level

¢ Potassium level

e Land area

Outputs:

e Recommended fertilizer dosage

e Cost estimation

¢ Application schedule

e Nutrient optimization notes

3.5.4 Pesticide Calculator Module

The pesticide module calculates optimal chemical dosage
based on infestation type and environmental conditions.
Features:

¢ Pest identification

e Spray window optimization

e Dosage calculation

o Safety protocol guidance

¢ Environmental condition analysis

3.5.5 Farming Calculator Module

The farming analytics module provides predictive
agricultural insights.

Includes:

e Yield estimation

¢ Profitability forecasting

e Water requirement analysis

¢ ROI projections

¢ Crop optimization metrics

3.5.6 Weather Dashboard Module

The weather dashboard provides real-time agricultural
weather intelligence.

Features:

e Temperature forecasting

¢ Rainfall prediction

e Humidity analysis

¢ Wind monitoring

e UV index tracking

¢ Irrigation recommendations

o Harvest alerts

3.5.7 Al Agronomy Assistant

The Al assistant provides intelligent farming guidance
using conversational Al.

Capabilities:

e Crop health consultation

o Fertilizer planning

e Pest management suggestions

e Weather-based recommendations

e [rrigation planning

4. METHODOLOGY

5.1 Research Methodology

The development of GREENSYNC followed a
user-centered and agile methodology focused on solving
real agricultural problems through Al and digital
technologies. The research methodology involved
requirement gathering, system design, implementation,
testing, and evaluation.

Research Phases:

Phase 1 — Requirement Collection

The initial phase involved collecting information from:

e Farmers

e Agricultural students

o Fertilizer retailers

The major problems identified were:

¢ Unpredictable weather conditions

e Crop disease outbreaks

e Incorrect fertilizer usage

e High pesticide wastage

Phase 2 — UI/UX Design

Modern dashboard interfaces were designed using:

¢ Dark-mode SaaS design principles

e Responsive layouts

e (Card-based analytics systems

e Mobile-friendly navigation

Wireframes and high-fidelity prototypes were developed
before coding.

Phase 3 — System Development

The application was developed using modular frontend
and backend architecture.

Frontend development included:

e Dashboard implementation

o Weather analytics visualization

e Al chat interface

¢ Crop monitoring system

Backend implementation included:

e API development

e Authentication system

e Database integration

e Al recommendation engine

Phase 4 — Testing and Evaluation
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Testing involved:

e Functional testing

o Ul responsiveness testing

o API testing

o User acceptance testing

¢ Performance optimization

The system was evaluated with sample agricultural
datasets and simulated farming conditions.

5.2 Agile Development Approach

GREENSYNC adopted Agile development principles
with sprint-based implementation.

Sprint Modules:

Authentication and Dashboard

Weather Intelligence System

Crop Scanner Integration

Fertilizer and Pesticide Modules

Al Chat Assistant

Farming Analytics and Visualization

A e e

Regular feedback cycles improved usability and feature
optimization.

5.3 System Workflow

The workflow of GREENSYNC is as follows:
1. User logs into the dashboard

2. Weather API fetches environmental data

3. Farmers upload crop images

4. Al engine predicts diseases and deficiencies
5. Fertilizer and  pesticide engines calculate
recommendations

6. Analytics dashboard visualizes insights

7. Al assistant provides conversational guidance
5.4 Database Design

The system database stores:

¢ User information

e Crop records

o Weather data

¢ Scan history

o Fertilizer calculations

e Pesticide recommendations

¢ Chat history

e Farming analytics

Major Database Tables:

e Users

o Crops

e WeatherReports

¢ ScanResults

o FertilizerLogs

e PesticideLogs

o FarmingAnalytics

e ChatMessages

5.5 Security Mechanisms

Security mechanisms implemented in GREENSYNC
include:

o JWT Authentication

o Password hashing using berypt

e Secure API communication

e Role-based authorization

e Protected routes

¢ Cloud data backup

5.6 API Integration

GREENSYNC integrates multiple APIs:

Weather APIs

e OpenWeather API

e Tomorrow.io API

Al APIs

e OpenAl API

e TensorFlow image recognition

Cloud Services

¢ Cloudinary image storage

e Supabase PostgreSQL hosting

5.7 Performance Optimization

Several optimization techniques were implemented:

e Lazy loading

e Component memoization

e Optimized image handling

e API caching

e Responsive rendering

e Reusable components

5.8 Deployment Architecture

The deployment environment includes:

Frontend Hosting

e Vercel deployment

Backend Hosting

¢ Render / Railway server hosting

Database Hosting

e Supabase PostgreSQL

Media Storage

¢ Cloudinary

The distributed cloud deployment ensures scalability and
high availability.

5.9 Feasibility Study

A. Technical Feasibility

The proposed system is technically feasible because all
technologies used are modern, open-source, and well
documented. Next.js, Tailwind CSS, PostgreSQL, and Al
APIs provide reliable infrastructure for scalable
development.

B. Economic Feasibility

The system is economically feasible due to the
availability of free-tier cloud platforms and open-source
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frameworks. The development cost is suitable for
academic and startup environments.

C. Operational Feasibility

The dashboard design and simplified user interface make
the system easy to operate even for users with limited
technical knowledge.

D. Legal Feasibility

The platform follows ethical and legal standards related
to user privacy, secure authentication, and responsible Al
usage

Hardware & Software Requirements

GREENSYNC

Al-Powered Smart Agriculture Platform

TECH STACK & SYSTEM REQUIREMENTS

Next.js (React Framework)
For building fast, SEO-friendly and
responsive web interfaces.

FRONTEND

TypeScript ‘
For type-safe, scalable and maintainable
codebase.

LANGUAGE

Tailwind CSS
For modern, responsive and customizable
Ul components.

Ul FRAMEWORK

Node.js (Express.js)
For building RESTful APIs and handling
server-side logic.

BACKEND

PostgreSQL (Supabase)
For secure, scalable and relational
database management.

DATABASE

OpenAl API / Vision API
For crop disease detection, agronomy
and smart r dati

Al / ML SERVICES

1S.

OpenWeatherMap API
For real-time weather data and
forecasts.

WEATHER API

TensorFlow / Keras Models
For crop disease classification
and image processing.

IMAGE ANALYSIS

Nk S S8 D

Recharts.js / Chart.js
For interactive charts and farming
analytics dashboards.

DATA VISUALIZATION

=

Supabase Storage / Cloudinary
For storing crop images and
media files.

CLOUD STORAGE

Supabase Auth / JWT
For secure user authentication
and role management.

AUTHENTICATION

.39

Git & GitHub
For source code management
and collaboration.

VERSION CONTROL

Vercel (Frontend) + Render (Backend)
For continuous deployment and
scalable hosting.

DEPLOYMENT

HTTPS, CORS, Environment Vars,
Data Validation

For secure communication and
data protection.

SECURITY

Tools Used

© Author(s). This work is peer-reviewed, openly published, and permanently archived
This article is openly accessible and reusable with proper attribution.
https://ijsmt.org/ , Email: editor@ijsmt.org

International Journal of Science, Strategic Management and Technology
Volume 02 Issue 05 May-2026 | ISSN: 3108-1762 (Online) | Impact Factor: 3.8
An International, Peer-Reviewed, Open Access Scholarly Journal Indexed in recognized academic databases

OPENaACGESS

GREENSYNC V>

Al-Powered Smart Agriculture Platform

TOOLS USED

VS Code, Postman,
< > Development

Git, GitHub Desktop
D Frontend (Mobile)

Frontend (Web)

React Native, Expo,
React Navigation, AsyncStorage,
Expo Vector Icons

Next.js (React), TypeScript,
Tailwind CSS, Recharts.js,
Axios, React Hook Form

Node.js, Express.s,
JWT, Berypt, Multer

Backend

S

1

PostgreSQL (Supabase),

Database saL

OpenAl API (GPT-4o),

Al Integration TensorFlow, Keras, Vision API

o oo e

~ Figma, Lucide React Icons,
Ul Design React Native Vector Icons,
Tailwind CSS
= . Jest, React Native Testing Library,
Testing :
% Postman (API Testing)
Vercel (Web),
( T )  Hosting & Deployment Render (Backend),
Supabase (DB & Auth)
O Version Control Git, GitHub
OpenWeatherMap API,
(’B APls & Services Cloudinary (Image Storage),
} ]I Supabase Auth & Storage,

SMTP (Email Service)

HTTPS, CORS, Helmet.s,
Environment Variables,
Input Validation

Security

0

Cost Estimation
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Cost Comparison

Item Cost (INR)

, Web development (self) 1 20
Libraries & frameworks (open source) 20

[ OpenAl API (free tier + $5 initial credit) 20 (initial)
Supabase (free tier) 20

f Render (free tier) ' 20 ‘
Vercel (free tier) 20

[ GitHub (free) [ 20 ]
Apple Developer Program (annual, optional) ' 8500

[ Total (minimum for Android) ~ 38500 ]

5. RESULTS AND DISCUSSION

5.1 Experimental Evaluation

The GREENSYNC system was evaluated using multiple
agricultural scenarios involving weather analysis,
nutrient optimization, and crop disease prediction.
User Groups:

e Farmers

o Agriculture Students

o Agricultural Researchers

5.2 Observed Results

Improvements Achieved:

o Faster crop disease identification

e Improved fertilizer accuracy

¢ Reduced pesticide misuse

¢ Better irrigation scheduling

¢ Enhanced decision-making through analytics

5.3 Dashboard Performance

The dashboard successfully displayed:

o Real-time weather updates

o Agricultural forecasting charts

o Nutrient analysis

¢ Crop monitoring statistics

e Smart farming alerts

5.4 Al Assistant Evaluation

The Al agronomy assistant effectively responded to:
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¢ Pest management queries

e Irrigation planning

e Nutrient recommendations
e Crop optimization guidance

Quantitative Results

Which tracking method optimizes farm productivity
and data accuracy?

Traditional Methods w7 GREENSYNC Platform \
(Manual Monitoring) === / (Al-Powered Smart Monitoring)
Time-consuming field inspection = o Al-powered crop monitoring r \ﬁ
Takes 2-3 hours per field for crop . Detects issues in seconds using image ( L7
monitoring and data collection analysis and smart algorithms (S
No real-time insights > o Real-time weather & alerts
Decisions are based on delayed K\\x Live weather updates and intelligent
observations and past data alerts for timely farm decisions. T
Manual record keeping < o Automated data tracking
Maintaining field notes and reports =7 Al field data, activities and reports. @
is tedious and error-prone are auto-saved and organized
(4 High input and resource wastage o Optimized inputs & cost savings @
Generalized fertilizer and pesticide Al-based fertilizer and pesticide
use leads to higher costs recommendations reduce wastage IIy
Low productivity & yield N e Higher productivity & betteryield A
Lack of precision leads to lower D 0 Data-driven insights improve crop M1 l
l yield and inconsistent quality o health, quality and farm profitability

3

GREENSYNC empowers farmers with precision, efficiency and accuracy
to increase productivity, reduce costs and ensure sustainable agriculture.

5.5 Discussion

The results demonstrate that GREENSYNC significantly
improves accessibility to precision farming technologies.
The integration of AI, weather intelligence, and
predictive analytics provides farmers with actionable
insights for improving crop productivity and reducing
operational costs.

The responsive dark-mode dashboard and modular
system design also improve usability for modern
agricultural operations

Output

© o ~mm@
CEZE  Good morning.

42,850 1260 92% 12M

6. CONCLUSION

This paper presented GREENSYNC, an Al-powered
smart agriculture platform designed to modernize
agricultural operations through intelligent analytics, crop
monitoring, and precision farming technologies.

The platform integrates weather intelligence, Al crop
disease detection, fertilizer and pesticide optimization,
farming analytics, and conversational Al into a unified
dashboard. The modular architecture and responsive
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interface make the system suitable for both small-scale
and large-scale agricultural operations.

Experimental evaluation demonstrates that
GREENSYNC improves agricultural decision-making,
reduces operational inefficiencies, and promotes
sustainable farming practices.

The proposed platform contributes toward the digital
transformation of agriculture by combining artificial
intelligence, predictive analytics, and intuitive
visualization into a scalable agricultural ecosystem.

FUTURE SCOPE

Future enhancements of GREENSYNC may include:

o IoT sensor integration for real-time soil monitoring
e Drone-based crop surveillance

o Satellite imagery analysis

¢ Machine learning-based yield prediction

e Voice-based multilingual Al assistant

¢ Blockchain-based agricultural supply chain tracking
e Smart irrigation automation

e Wearable integration for field workers

e Offline farming analytics support
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