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Abstract

Agriculture has played a crucial role in developing countries where the majority of the rural population
relies on it for their livelihoods. A finer-grade crop classification has become crucial in the context of
precision agriculture. In recent years, the volume of open image data has grown significantly. This can
be used in combination with machine learning techniques to classify crop types in the agricultural
industry. The proposed crop species recognition system is divided into three major parts. We use image
pre-processing then cut down the crop feature images, and use classification using CNN. The first step
is to improve the quality of input images and prepare them for analysis. Preprocessing typically
includes adjusting the brightness and contrast, noise reduction, resizing, and normalization. This step
is essential to standardize images, making them more compatible for feature extraction and
classification. Next step after preprocessing is Feature extraction, in which relevant features of crop
images are isolated. In this step, the model identifies unique characteristics like color, texture, and
shape that help in distinguishing one crop type from another. This segmentation can involve techniques
like edge detection, thresholding, or region-based segmentation, which can cut down unnecessary data
and isolate crop-relevant information. Then comes the classification using convolutional neural
networks. CNNs are particularly effective for image-based classification due to their ability to learn
complex patterns. Here, the CNN model is trained with labeled images of various crop types. Once
trained, the model can analyze new images and classify them according to learned patterns. CNN layers
(convolutional, pooling, and fully connected) are designed to pick up on different aspects of the image,
with deeper layers recognizing more complex structures in this system.

Keywords: CNN, machine learning, preprocessing, classification, smart agriculture, soil and crop
management system

INTRODUCTION

Soil and crop management are fundamental aspects of modern agriculture, directly influencing crop
productivity, sustainability, and environmental health. A Soil and Crop Management System is an
integrated approach that leverages technology and
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also integrates weather forecasts and predictive models to guide planting schedules and mitigate risks
associated with climate variability.

Incorporating modern technologies like IoT (Internet of Things), machine learning, and GIS
(Geographic Information Systems), a Soil and Crop Management System can make precise
recommendations for improving productivity while reducing costs. For instance, smart irrigation
systems use soil moisture data to apply water efficiently, conserving resources while ensuring optimal
crop growth [1].

This system not only helps farmers achieve better yields but also promotes sustainable practices that
protect soil health and biodiversity. By bridging the gap between traditional farming practices and
modern innovations, a Soil and Crop Management System plays a vital role in meeting the growing
demand for food while addressing global challenges like land degradation and climate change.

Key Features and Innovations
AGRISMART stands out as a comprehensive solution with its distinct range of features:

o Smart Soil Analysis: Real-time soil testing using sensors to measure pH, moisture levels, nutrient
content, and temperature. Data-driven recommendations for optimal fertilization and soil health
improvement.

e Precision Agriculture: Use of Geographic Information Systems (GIS) and GPS for precise
mapping of farmlands.

o Crop Health Monitoring: Integration of drones and remote sensing technologies to detect crop
diseases, pest infestations, and nutrient deficiencies. Al-driven predictive models to ensure early
interventions and mitigate risks.

o Weather-Integrated Planning: Real-time weather data and forecasts to optimize planting,
harvesting, and irrigation schedules.

o Sustainable Practices: Promotes eco-friendly farming by optimizing fertilizer use and
minimizing environmental impact.

o Mobile-Friendly Application: Easy-to-use mobile app for remote monitoring and management
of fields.

Motivational Drivers
AGRISMART is designed to address critical pain points in the current agriculture system:

1. Declining Soil Health: Intensive farming practices, overuse of chemical fertilizers, and soil
erosion have led to declining soil fertility. The system aims to promote soil rejuvenation through
data-driven soil testing and tailored nutrient management.

2. Combatting Climate Change Impacts: Unpredictable weather patterns and extreme climate
events disrupt agricultural productivity. By integrating weather forecasting and predictive
analytics, the system helps farmers plan and adapt effectively to climate variability.

3. Early Detection of Crop Issues: Pest infestations and diseases often lead to significant crop
losses. The system employs advanced monitoring tools, such as drones and sensors, for early
detection and timely interventions.

The soil and crop management system is not just a technological solution; it is a platform designed
with a vision of inclusivity and community-building at its core. By addressing diverse agricultural needs
and empowering farmers from all backgrounds, the system aims to create a sustainable, collaborative,
and prosperous agricultural ecosystem.

A collaborative platform within the system enables farmers, agronomists, and agricultural experts to
share insights, best practices, and real-world experiences. This fosters a community of learning and
mutual growth.
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LITERATURE SURVEY
Soil Health Monitoring and Management
Soil health serves as the foundation of sustainable agriculture, influencing crop productivity and
environmental quality.
e The importance of assessing physical, chemical, and biological soil properties: Techniques like
soil organic carbon (SOC) monitoring, which correlates directly with fertility and productivity.
e Advancements in real-time soil sensors and remote sensing, enabling farmers to monitor pH,
nutrient levels, and moisture with high precision [1].

Sustainable Nutrient Management Practices

Integrated Nutrient Management (INM) combines organic inputs (e.g., compost, green manures) with
synthetic fertilizers to balance soil nutrient levels sustainably. Long-term trials reveal INM improves
yields by up to 25% compared to chemical-only practices while reducing environmental impacts. Site-
specific nutrient management (SSNM) is emerging as a tailored approach, optimizing fertilizer use
based on crop demand and soil testing [2].

Crop Rotation and Diversification

Rotational cropping systems enhance soil fertility, disrupt pest cycles, and improve water retention.
Legume-based rotations increase nitrogen fixation, benefiting subsequent crops. Diversification with
cover crops like clover and ryegrass promotes soil microbial activity and protects against erosion during
the off-season [3].

Water Management Innovations

Efficient water use is critical for sustaining agriculture amidst water scarcity and climate variability.
Precision irrigation methods, such as drip and sprinkler systems, have demonstrated water savings of
40-50% compared to traditional flood. Rainwater harvesting combined with micro-irrigation in arid
regions has significantly enhanced crop yields [4].

Conservation Tillage Practices

Conservation tillage minimizes soil disturbance, improving soil structure and reducing erosion. No-
till farming has been linked to higher water infiltration rates and carbon sequestration. Strip-tillage and
reduced-tillage systems maintain crop residues on the soil surface conserving moisture and controlling
erosion [5].

Climate-Smart Agriculture

Climate change resilience is integral to modern farming systems. Agroforestry, intercropping, and
carbon sequestration are key strategies under this framework. Agroforestry systems combine trees with
crops to improve biodiversity and act as carbon sinks. Controlled-environment agriculture, such as
greenhouse farming, offers year round cultivation with minimal water use [6].

Technology Integration in Soil and Crop Management

The integration of technology in agriculture has rapidly transformed the traditional way of crop
management. GIS and remote sensing facilitate large-scale monitoring of soil health and crop
conditions. Artificial Intelligence (Al) and machine learning are being utilized to predict yield outcomes
and optimize resource allocation. Automated machinery, such as precision seeders and drones, enables
efficient resource use and labor savings [7].

Pest and Disease Management

Pests and diseases significantly affect crop yields and farm profitability. Integrated Pest Management
(IPM) focuses on combining biological, cultural, and chemical methods for pest control while
minimizing ecological harm. Advanced approaches, such as biopesticides and pheromone traps, are
gaining traction for their low environmental impact.
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Socioeconomic and Policy Dimensions

Policies and socioeconomic factors play a critical role in driving adoption of sustainable soil and
crop. Subsidies for precision farming equipment, soil testing kits, and organic fertilizers have proven
effective in countries like India and Brazil. Public awareness campaigns and capacity-building
initiatives have empowered smallholder farmers to adopt innovative practices [8, 9].

PROPOSED SYSTEM

The development of a Soil and Crop Management System is rooted in several interrelated theoretical
frameworks. These frameworks provide the foundation for integrating technology, sustainability, and
agricultural best practices to address real-world challenges effectively:

Climate Adaptation Theory: This theory addresses the need for agriculture to adapt to climate
variability. By incorporating weather forecasts and predictive modeling, the system helps farmers
mitigate risks associated with changing climatic conditions.

Soil Fertility: This framework focuses on understanding soil nutrient dynamics and their impact
on crop growth [10].

Sustainable Development: This aligns with global sustainability goals such as combating climate
change and ensuring food security.

SYSTEM ARCHITECTURE
System Architecture
AGRISMART system architecture has the following key components (Figure 1):

1.

kW

Dataset is collected as images of soil samples.

Data is cleaned, and noise is reduced to enhance quality.
Key features are extracted from the images for analysis.
Images are divided into multiple parts for better processing.
A model is trained using the training data.

Technical Implementation/Technologies Used

Operating System: Windows 7 onwards.
Coding Language: Python.

Frontend: Flask.

Database (Backend): MySQL.
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Figure 1. System Architecture.
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Features and Functionalities

1. User Registration and Authentication
e Registration: Users can create an account by providing necessary details such as name, email,
phone number, and password. This ensures that each user has a unique profile.
o Login: Users can log in to their accounts using their registered email and password. This
feature includes password recovery options for users who forget their credentials.
2. Image Input and Management
o mage Upload: Users can upload images of soil samples or crops directly through the mobile
or web application. The system supports various image formats (e.g., JPEG, PNG).
o mage Gallery: Users can view and manage previously uploaded images, allowing them to
track changes over time or compare different samples.
3. Preprocessing of Images
o [mage Enhancement: The system applies preprocessing techniques to improve image quality.
e Brightness and Contrast.
o Adjustment: Enhances visibility of features in the images.
e Noise Reduction: Removes unwanted artifacts from images to improve clarity.
e Resizing: Standardizes image dimensions for uniformity in analysis.
e Normalization: Adjusts pixel values to a common scale, facilitating better feature extraction.
4. Feature Extraction
o Segmentation: The system segments images to isolate relevant features of crops or soil.
o Feature ldentification: The system extracts key features such as color, texture, and shape,
which are critical for distinguishing between different crop types or assessing soil health.
5. Classification Using Convolutional Neural Networks (CNN)
o  Model Training: The system uses a dataset of labeled images to train a CNN model.
e Convolutional Layers: Extracting features from images through convolution operations.
e Pooling Layers: Reducing dimensionality while retaining important features.
e Fully Connected Layers: Making predictions based on the features extracted.
o  Real-Time Classification: Once trained, the model can classify new images of crops or soil
samples, providing users with immediate feedback on crop type or soil health.
6. Prediction and Recommendations
o Crop Type Prediction: Based on the classification results, the system predicts the type of
crop present in the uploaded images.
e Soil Health Assessment. The system provides insights into soil health based on the features
extracted from soil images, including recommendations for nutrient management.
e Actionable Insights: Users receive tailored recommendations for fertilization, irrigation, and
pest management based on the analysis of their images.
DISCUSSION

The AGRISMART system provides a robust platform for farmers to enhance productivity and
sustainability through data-driven insights and advanced technologies.

Key Outcomes

L.

2.

Enhanced Crop Productivity: Improved crop yields through data driven insights and tailored
recommendations for fertilization, irrigation, and pest management.

Optimized Soil Health: Better soil management practices leading to increased soil fertility and
reduced degradation, promoting sustainable agricultural practices.

Early Detection of Issues: Timely identification of crop diseases and pest infestations through
advanced monitoring tools, minimizing potential losses.

Informed Decision-Making: Access to real-time weather data and predictive analytics enables
farmers to make informed decisions regarding planting, harvesting, and resource allocation.

© STM Journals 2025. All Rights Reserved 54



AGRISMART Khivsara et al.

Limitations and Future Work
While the system shows promise, challenges such as data privacy, technology adoption among
farmers, and the need for continuous updates and maintenance must be addressed in future iterations.

CONCLUSION

We proposed AGRISMART, an advanced soil and crop management system that leverages
Convolutional Neural Networks (CNNs), [oT-based monitoring, and real-time data analytics to enhance
agricultural productivity. The system successfully classifies soil types and recommends suitable crops
with higher accuracy and efficiency compared to traditional methods.

By integrating image preprocessing, feature extraction, and machine learning-based classification,
AGRISMART provides precise and data-driven recommendations for farmers, ensuring optimized
resource utilization and sustainable agricultural practices. The experimental results demonstrate that
CNNs outperform conventional models in soil classification and crop prediction, significantly reducing
processing time while maintaining high reliability.
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