£ IJARSCT

xx International Journal of Advanced Research in Science, Communication and Technology
IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal gD €O
ISSN: 2581-9429 Volume 5, Issue 12, April 2025 Impact Factor: 7.67

Agri-Weather — Smart Crop Management

Prof. Arti Virutkar', Paras Mulwande’, Ganesh Hedau®
"Professor of Master of Computer Application,
*3Student of Master of Computer Application
K. D. K College of Engineering, Nagpur, India
arti.virutkar@kdkce.edu.in, parasmulwande.mca23@kdkce.edu.in, ganeshheadu.mca23@kdkce.edu.in

Abstract: Agriculture remains the backbone of India's economy, with a large portion of the population
depending on it for their livelihood. Harvestify is developed to revolutionize farming practices by
harnessing the power of machine learning (ML). This project introduces an intelligent system that assists
farmers in determining the optimal harvest periods and recommending the most suitable crops based on
regional soil and climate conditions.A standout feature of Harvestify is its Soil-Based Profiling System,
which analyzes soil quality, rainfall patterns, and other environmental factors to offer personalized crop
suggestions and fertilizer recommendations aimed at enhancing soil health and maximizing yields.
Moreover, the system integrates advanced image recognition techniques to detect and manage plant
diseases effectively. By employing machine learning models such as Random Forest and Convolutional
Neural Networks (CNNs), Harvestify can accurately identify diseased leaves and recommend timely
treatments, empowering farmers to protect their crops and improve productivity.
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L. INTRODUCTION

Agriculture remains a cornerstone of India's economy, supporting the livelihoods of millions. With the rapid evolution
of technologies like Machine Learning (ML) and Deep Learning (DL), there’s immense potential to transform
traditional farming into a more efficient, sustainable, and productive practice. Harvestify is an innovative solution that
leverages these cutting-edge technologies to assist farmers in crucial areas such as crop selection, fertilizer
optimization, and plant disease diagnosis. By delivering data-backed insights, Harvestify helps farmers make informed
decisions, ultimately leading to better crop management and higher yields.The crop recommendation feature of
Harvestify evaluates essential soil characteristics, including pH levels, moisture, and nutrient content. Based on this
analysis, it recommends the best-suited crops for specific soil and climate conditions, taking into account historical crop
performance and environmental factors. This scientific approach helps farmers select crops that are more likely to
thrive, boosting both productivity and profitability. In addition, the fertilizer recommendation system examines the
soil’s nutrient profile in relation to the chosen crop, identifying any imbalances. It then suggests the appropriate
fertilizers to address these issues, ensuring optimal plant growth while promoting eco-friendly farming by avoiding
excessive fertilizer use.

Harvestify also includes a plant disease detection module, where farmers can upload images of affected plants. Using
deep learning algorithms trained on vast datasets of plant diseases, the system can accurately diagnose the issue,
providing details on symptoms, causes, treatments, and preventive measures. Early detection and intervention can
significantly reduce crop damage and enhance overall agricultural output.

II. LITERATURE SURVEY
Traditional Image Processing Techniques
Khirade and Patil (2015) [1] explored the early use of image processing techniques for plant disease detection, focusing
on methods like color analysis, texture, and edge detection for disease classification. While these techniques offered
basic classification capabilities, they struggled to address the complexities of varying plant diseases.
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Deep Learning for Plant Disease Detection

Panchal et al. (2021) [2] advanced plant disease detection by introducing deep learning models, particularly
Convolutional Neural Networks (CNNs). Their research demonstrated the potential of CNNs to significantly improve
classification accuracy, highlighting the importance of high-quality datasets and augmentation methods for effective
model training.

Benchmark Datasets for Deep Learning

The development of ImageNet by Deng et al. (2009) [3] and Russakovsky et al. (2015) [4] provided a substantial
dataset that has been crucial for training deep learning models. ImageNet serves as a benchmark for evaluating CNN
architectures used in plant disease detection.

Lexical Databases for Image Processing

Miller (1995) [5] created WordNet, a lexical database that has been instrumental in natural language processing and
image annotation. It aids in categorizing datasets, which is beneficial for improving deep learning model training and
image labeling.

Advancements in Convolutional Neural Networks (CNNs)

Krizhevsky et al. (2012) [6] introduced AlexNet, a CNN architecture that revolutionized image classification, leading
to its application in plant disease detection.

Simonyan and Zisserman (2014) [7] developed VGGNet, which utilized smaller convolutional filters to enhance
feature extraction.

He et al. (2016) [8] proposed ResNet, a deep residual learning framework that solved the vanishing gradient issue,
enabling the training of deeper networks.

Howard et al. (2017) [9] designed MobileNets, a lightweight CNN optimized for mobile devices, making plant disease
detection accessible on edge devices.

Tan and Le (2019) [10] introduced EfficientNet, which efficiently scales model depth, width, and resolution to achieve
better performance while reducing the number of parameters.

1. METHODOLOGY
The development of Harvestify followed a structured approach to ensure the accuracy and effectiveness of crop
recommendations, fertilizer suggestions, and plant disease detection.
Data Collection:
A diverse set of datasets was gathered, covering soil properties, weather conditions, crop types, and images of diseased
plant leaves. These datasets were sourced from different regions and climates to ensure comprehensive model training.
Data Preprocessing:
The data underwent cleaning, normalization, and feature engineering to enhance its quality. Labeled data was cross-
checked for accuracy and consistency, ensuring the integrity of the training process.
Algorithm Development:
Python, along with libraries such as TensorFlow, PyTorch, and OpenCV, was used for algorithm development.
Convolutional Neural Networks (CNNs) were designed for plant disease detection, and Random Forests were
implemented for crop recommendations. Image preprocessing tasks like resizing and augmentation were carried out
using OpenCV.
Model Training:
The collected data was split into training, validation, and test datasets. Models were trained, hyperparameters were fine-
tuned, and the validation results were used to optimize model performance for high accuracy and generalization.
Integration with Web Interface:
A user-friendly web interface was developed using Flask. This allowed farmers to enter soil data, upload plant leaf
images, and receive instant crop, fertilizer, and disease recommendations.
Real-time Deployment and Testing:
The web application was deployed for real-time use, with thorough testing under various agricultural scenarios to

ensure system reliability and user satisfaction.
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Performance Evaluation:

The models were assessed using metrics such as accuracy, precision, recall, and F1-score, focusing on evaluating each
module’s effectiveness in providing accurate results.

Documentation:

Every phase of the project, from data collection to model deployment, was meticulously documented to maintain
transparency and facilitate future enhancements.

IV. OBJECTIVES
Develop a Crop Recommendation System
Create a machine learning (ML) system to analyze soil data and suggest the best crops for cultivation. Ensure the
system is easy for farmers to input soil information and receive crop recommendations.
Develop a Fertilizer Recommendation System
Design an ML-based system to recommend fertilizers based on soil properties and the specific crop being grown.
Provide personalized fertilizer suggestions to optimize soil health and composition.
Develop a Plant Disease Detection System
Implement a deep learning (DL) system to identify plant diseases through leaf images. Provide detailed information on
detected diseases, including symptoms and possible treatment methods.
Integrate the Systems into a Unified Platform
Combine the crop recommendation, fertilizer suggestion, and disease detection systems into one website. Ensure
smooth interaction between all modules for a cohesive and efficient user experience.
Demonstrate the Impact of ML and DL in Agriculture
Highlight the role of ML and DL in addressing agricultural challenges and improving farming practices. Encourage
continued innovation and research in precision farming technologies.
Ensure User Accessibility and Usability
Design a user-friendly interface that works seamlessly on various devices. Provide clear instructions and feedback to
ensure farmers can easily understand and use the system.
Enable Real-time Predictions
Implement real-time data processing capabilities to provide instant recommendations and disease diagnoses, ensuring
timely support for farmers' decision-making.

V. RESULT
In the context of our plant disease detection project using the ResNet9 architecture, understanding how the accuracy
evolves over the number of training epochs is essential for optimizing the model's performance. Here's an the Fig. 2.
that depicts at how accuracy typically changes with epochs during the training of a deep learning model for plant
disease detection.

Accuracy vs. No. of epochs
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Figure 2: Accuracy Vs Number of Epochs
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Figure 3: Learning Rate Vs Batch Number

The relationship between learning rate and batch size is crucial in training deep learning models for plant disease
detection. Both parameters significantly influence the model's convergence, accuracy, and overall performance Fig. 3
shows this learning rate vs batch size.

The crop recommendation experiment results are summarized in Table 1. Figure 4 also illustrates these scores in a bar
chart for easy comparison. The data indicates that the RandomForest (RF) and XGBoost models achieve the highest
performance, with the NaiveBayes model following closely. It's generally expected that ensemble methods like
RandomForest (boosting) and XGBoost (bagging) outperform non-ensemble methods in terms of performance and

generalization.
Table 1: Algorithm vs Accuracy
Algorithm Accuracy
Decision Tree 0.900
Naive Bayes 0.990
SVM 0.979
Logistic Regression 0.952
RF 0.990
XG Boost 0.993

For our application, we selected the RandomForest model, which has a cross-validation accuracy of 0.995. We chose
this model because it allows us to easily understand the importance of each feature, which is crucial for our
classification process.
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VI. CONCLUSION

The Harvestify project demonstrates the potential of integrating machine learning (ML) and deep learning (DL) in
agriculture to boost productivity, sustainability, and resilience. By offering crop recommendations based on soil and
climate data, suggesting suitable fertilizers, and detecting plant diseases through image recognition, Harvestify provides
valuable support to farmers. The use of advanced algorithms, including Random Forest and convolutional neural
networks (CNNs), ensures accurate predictions and diagnoses, empowering farmers to make better decisions. This
project highlights the transformative effect of modern technology on traditional farming practices and the importance of
data-driven approaches to overcome agricultural challenges. Harvestify not only optimizes crop production and
improves soil health but also aids in early disease detection, reducing crop losses. The project offers a promising
pathway toward more efficient, sustainable farming practices, contributing to food security and better livelihoods for
farmers in India and globally.
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