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ABSTRACT: Agriculture is a critical sector that depends heavily on soil quality and environmental conditions.
Traditional soil testing requires laboratory analysis, which may not always be accessible to farmers due to cost, time,
and infrastructure limitations. As a result, farmers often rely on manual observation or experience when selecting crops,
which may lead to poor agricultural productivity. This paper presents Agriverse, an Al-powered soil analysis and crop
recommendation system that uses image classification techniques to identify soil types from uploaded soil images. The
system utilizes a Convolutional Neural Network (CNN) trained on a soil image dataset to classify soil into categories
such as sandy, clay, loamy, and silt. Based on the detected soil type, the system provides crop recommendations and
soil insights. The platform is implemented as a web application with a React-based frontend and a Python Flask
backend integrated with a trained deep learning model. The model predicts soil type probabilities and presents results in
a user-friendly interface. Agriverse aims to provide farmers with quick preliminary soil insights and improve crop
planning decisions without requiring laboratory soil testing.

KEYWORDS: Artificial Intelligence, Soil Classification, Convolutional Neural Network, Smart Agriculture, Image
Processing, Crop Recommendation System.

I. INTRODUCTION

Agriculture plays a significant role in supporting the global economy and ensuring food security for the rapidly
growing population. It forms the backbone of many developing countries and provides livelihoods for millions of
farmers worldwide. Among the various factors that influence agricultural productivity, soil health is one of the most
critical elements. The physical and chemical properties of soil, including its texture, composition, moisture content, and
nutrient levels, directly affect crop growth, yield, and sustainability.

Traditionally, farmers rely on laboratory-based soil testing methods to determine soil composition and nutrient content.
These tests help identify suitable crops and fertilizers for better agricultural output. However, access to soil testing
laboratories is often limited, especially in rural and remote areas. Farmers frequently face challenges such as high
testing costs, long processing times, lack of nearby facilities, and limited technical knowledge required to interpret soil
analysis reports. As a result, many farmers make decisions based on experience or assumptions, which may lead to
reduced crop productivity and inefficient use of resources.

In recent years, advancements in Artificial Intelligence and Deep Learning have opened new opportunities in the field
of smart agriculture. Machine learning models can analyze large amounts of agricultural data and identify patterns that
are difficult for humans to detect. Among these techniques, image classification using Convolutional Neural Networks
(CNNs) has shown remarkable success in recognizing visual features such as color, texture, patterns, and granularity in
images. These characteristics can be effectively used to classify different soil types. The proposed system, Agriverse, is
designed as an intelligent agricultural support platform that leverages deep learning to assist farmers in identifying soil
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types quickly and efficiently. The system allows users to upload an image of soil through a simple web-based interface.
The uploaded image is processed using a trained CNN model that analyzes visual characteristics of the soil and
classifies it into categories such as clay, sandy, loamy, or silt soil. Based on the identified soil type and the current
season, the system also provides suitable crop recommendations to help farmers make better agricultural decisions. By
providing instant results without requiring expensive laboratory equipment, the system reduces the time and cost
associated with traditional soil analysis methods while remaining accessible and easy to use for farmers.

Overall, Agriverse aims to bridge the gap between modern artificial intelligence technologies and practical agricultural
applications. By offering a cost-effective and accessible soil classification tool, the system has the potential to support
farmers in improving crop productivity, optimizing resource usage, and promoting sustainable agricultural practices.
This project demonstrates how emerging technologies can be applied to solve real-world agricultural challenges and
contribute to the advancement of smart farming solutions.

>

Fig. 1: Smart Farming Concept Using Image-Based Soil Classification
II. PROBLEM STATEMENT

Soil analysis is essential for selecting suitable crops and improving agricultural productivity. The quality and type of
soil play a crucial role in determining crop growth, nutrient availability, and overall yield. However, traditional soil
testing methods require laboratory facilities, specialized equipment, and trained professionals to conduct detailed
analysis. These processes often take considerable time and may involve additional costs for sample collection and
testing. As a result, many farmers, particularly those in rural and remote areas, do not have easy access to such
facilities.

Due to these limitations, farmers frequently rely on assumptions, personal experience, or traditional farming knowledge
when selecting crops for cultivation. While experience can be helpful, it may not always provide accurate information
about the soil’s actual composition and suitability for specific crops. This can lead to improper crop selection, lower
agricultural productivity, and inefficient use of fertilizers, water, and other resources. In addition, many existing digital
agriculture systems require farmers to manually enter soil parameters such as nutrient levels, pH value, or moisture
content, which farmers may not know without conducting proper laboratory tests.

Therefore, there is a need for a simple, cost-effective, and accessible solution that can help estimate soil type without
requiring complex laboratory procedures. Using easily available data such as soil images captured through smartphones
or cameras, an Al-based soil classification system can analyze visual characteristics like color, texture, and particle
distribution. Such a system can provide quick preliminary insights about soil type and assist farmers in making more
informed crop selection decisions, ultimately supporting improved agricultural productivity and sustainable farming
practices.
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Fig 2: Problem Statement

III. LITERATURE SURVEY

Sr.

No Author / Source Contribution

Introduced deep learning concepts and
1 Ian Goodfellow, Yoshua Bengio & Aaron Courville (2016) Convolutional Neural Networks (CNNs) which
are widely used for image classification tasks.

Presented machine learning and pattern
2 Christopher M. Bishop (2006) recognition techniques that form the foundation
for many modern classification systems.

Highlight the importance of soil health monitoring
and sustainable soil management for improving
agricultural productivity.

Food and Agriculture Organization (FAO) Soil Health
Reports

Provides soil nutrient information to farmers
4 Government of India — Soil Health Card Scheme through laboratory soil testing, helping them make
informed agricultural decisions.

Demonstrates the use of artificial intelligence and
machine learning techniques for soil classification,
crop prediction, and agricultural decision support
systems.

5 Research in Precision Agriculture and Smart Farming

IV. METHODOLOGY

The Agriverse system follows a structured methodology that integrates image processing, deep learning, and web
technologies.

i.Image Upload and Input Processing
The process begins when a user uploads a soil image through the web interface. The system accepts images captured

using mobile phones or cameras.

ii.Image Preprocessing
Before analysis, the image is preprocessed using image processing techniques such as resizing, normalization, and

IJIRSET©2026 | Anl1SO 9001:2008 Certified Journal | 3182



http://www.ijirset.com/

ﬂ“g" @ International Journal of Innovative Research of
[FII:XJ=j Science, Engineering and Technology (IJIRSET)

|www.ijirset.com |A Monthly, Peer Reviewed & Refereed Journal| e-ISSN: 2319-8753| p-ISSN: 2347-6710|

Volume 15, Issue 3, March 2026
|DOI: 10.15680/1JIRSET.2026.1503160|

noise reduction to prepare it for model prediction.

The dataset used for training the model contains approximately 190 soil images distributed across four soil classes. The
images were collected from publicly available soil datasets and organized into separate folders for training and
validation. Each image was resized and normalized before being fed into the neural network.

iii.Seil Classification using CNN
The preprocessed image is passed to a Convolutional Neural Network (CNN) trained on soil image datasets. The model
analyzes visual features such as texture and color to classify the soil type.

iv.Probability-Based Prediction
The trained model generates probability scores for each soil category (sandy, clay, loamy, silt). These probabilities
indicate the confidence level of the prediction.

v.Crop Recommendation
Based on the predicted soil type, the system retrieves suitable crop suggestions from the database.

vi.System Implementation
The entire system is implemented using:

e Frontend: React.js

e Backend: Python Flask

e Machine Learning: TensorFlow / Keras
e Image Processing: OpenCV

This architecture ensures smooth communication between the user interface and the AI model.

CNN Model Architecture

The soil classification model is based on a Convolutional Neural Network architecture designed to extract visual
features from soil images. The input images are first resized to 224 x 224 pixels and passed through multiple
convolutional layers with ReLU activation functions. Max-pooling layers are applied after convolution layers to reduce
spatial dimensions and retain important image features. The extracted features are then flattened and passed through
fully connected dense layers. The final output layer uses a softmax activation function to classify the input image into
one of the four soil categories: sandy, clay, loamy, or silt soil.

g User / Farmer Uploads Soil Image
Image Input Module
(Web Interface - React)

Image Preprocessing

- Resizing = Normalization « Noise Reduction
(OpenCV)

1

CNN Model Prediction
(TensorFlow / Keras)
Soil Classification

1

Probability Generation

- Sandy / Clay / Loamy / silt Preduction
(((((

Crop Recommendation System
(Database)

It

Result Display to User
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Fig 3: Proposed Methodology
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V. RESULTS AND DISCUSSION

The performance of the proposed Agriverse system was evaluated using a dataset of soil images categorized into four
classes: sandy soil, clay soil, loamy soil, and silt soil. The dataset was organized into training and validation sets to
allow proper model evaluation. Before training, all images were resized to 224 x 224 pixels and normalized to ensure
consistency during the learning process.

The Convolutional Neural Network (CNN) model was trained using the TensorFlow and Keras deep learning
frameworks. The training process was conducted for 15 epochs with a batch size of 32. The Adam optimizer was used
to update model weights, while categorical cross-entropy was used as the loss function for multi-class classification.
During training, the model learned to identify visual patterns such as color variation, texture, and granularity present in
different soil types. These features allowed the network to distinguish between sandy, clay, loamy, and silt soil
categories.

After training, the model achieved a training accuracy of approximately 82% and a validation accuracy of
approximately 70%. The results indicate that the CNN model is capable of identifying soil types from images with
reasonable accuracy. The system also generates probability scores for each soil category, allowing the interface to
display prediction confidence for all classes rather than only a single output.

Although the results demonstrate the effectiveness of the proposed system, some prediction errors may occur due to
variations in lighting conditions, camera quality, soil moisture levels, and background noise in images. Despite these
challenges, the model provides useful preliminary soil classification results that can assist farmers in making better crop
selection decisions.

Overall, the experimental results show that image-based soil classification using deep learning can serve as a practical
and cost-effective approach for preliminary soil analysis, especially in regions where laboratory soil testing facilities
are not easily accessible.

VI. KEY FEATURES
The Agriverse platform includes several features designed to assist farmers and agricultural researchers:

*Soil Image Classification: The system analyzes uploaded soil images using a trained CNN model to identify soil type.
*Probability-Based Results: Instead of giving only one output, the system displays prediction probabilities for all soil
classes.

*Crop Recommendation System: Based on soil classification results, the platform suggests crops suitable for that soil
type.

*User-Friendly Web Interface: The platform is designed with a simple and responsive interface that can be easily used
on mobile devices.

*Al Integration with Web Technologies: Agriverse integrates deep learning models with web applications to provide
real-time soil analysis.

VII. CHALLENGES AND RESEARCH GAPS

Although the Agriverse system provides quick soil classification using image analysis, several challenges still exist.
One major limitation is the availability of high-quality and diverse soil image datasets required to train the deep
learning model effectively. Limited datasets may affect the accuracy and generalization of the model.

Another challenge is the variation in image conditions such as lighting, camera quality, soil moisture, and background

noise, which can influence the prediction results. Since the system relies on visual features like color and texture, these
variations may lead to incorrect classification in some cases.
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Furthermore, image-based soil analysis cannot directly determine chemical properties such as pH level, nitrogen,
phosphorus, and potassium content. Therefore, the system provides approximate soil classification and should be
considered as a supportive decision-making tool rather than a complete replacement for laboratory soil testing.

VIII. CONCLUSION

The Agriverse system demonstrates how artificial intelligence and deep learning can be applied to support modern
agricultural practices. By using image-based soil classification with a Convolutional Neural Network (CNN), the
system is able to estimate soil type from uploaded soil images and provide suitable crop recommendations. The web-
based platform makes the system easily accessible and user-friendly for farmers. Although the system cannot replace
traditional laboratory soil testing, it offers a quick and cost-effective method for obtaining preliminary soil insights.
Overall, Agriverse serves as a helpful decision-support tool that can assist farmers in making better crop selection
decisions and improving agricultural productivity.

IX. FUTURE SCOPE

Future enhancements of the Agriverse system may include:

¢ Expanding the soil image dataset to improve model accuracy

o Integrating weather data for better crop recommendations

e Developing a mobile application version

e Adding disease detection for crops using image analysis

e Implementing offline prediction capabilities for rural areas

These improvements will make Agriverse more scalable and beneficial for agricultural applications.
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