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Abstract: Agriculture is a vital sector that faces substantial challenges due to crop diseases, affecting both productivity and the
livelihood of farmers. Traditional methods for identifying and managing crop diseases are often labor-intensive, time-
consuming, and lack the precision required for effective mitigation. This survey paper presents an overview of recent
advancements in Al-driven crop disease prediction and management systems, focusing on their transformative potential in
modern agriculture. The study explores the integration of deep learning models, such as MobileNetV2, for image-based disease
detection and highlights the role of environmental data—temperature, humidity, and weather conditions—in improving
predictive accuracy. Key features such as real-time alerts, multilingual support, and treatment recommendations tailored for
specific crops (e.g., cotton, sugarcane, soybean) are discussed, alongside potential deployment challenges and data requirements.
Additionally, we review existing solutions, architectural frameworks, and methodologies to provide insights into the system’s
development and the scalability needed for diverse agricultural contexts. The paper concludes by addressing future directions,
including the implementation of a subscription model for agronomist support, an integrated e-marketplace, and economic
considerations for system sustainability. This survey underscores the importance of Al in enhancing crop resilience and
supporting farmers with accurate, timely, and accessible disease management tools.

Keywords: Crop Disease Prediction, Al in Agriculture, Deep Learning, MobileNetV2, Image-based Disease Detection,
Environmental Data Integration, Precision Agriculture, Agronomist Subscription Model

I. INTRODUCTION
The rising global population and changing climatic conditions have heightened the challenges faced by farmers, including the
identification and management of plant diseases. These diseases can significantly reduce crop yield and quality, posing economic
losses and threatening food security. Traditional methods for disease diagnosis rely on manual inspection, which is time-consuming
and subjective. Technological advancements in agriculture, however, offer innovative solutions to these challenges.
Machine learning, particularly image recognition, has been effective in early detection of plant diseases, thus minimizing damage.
Computer-aided diagnosis systems have been developed to assist farmers, with deep learning algorithms like convolutional neural
networks (CNNs) showing promise in disease identification. Despite their potential, the reliability of these systems is questioned due
to the black-box nature of deep learning models [1].
The global population increase is placing pressure on traditional farming methods, which are becoming inadequate for meeting food
security and employment needs in developing countries. Governments are offering financial support and enhancing strategies to
improve food production and reduce waste. However, challenges like climate change, plant diseases, and overuse of pesticides
threaten crop yields and health. Smart farming using Al, 10T, and machine learning techniques is being explored to detect crop
diseases more efficiently. Innovations like convolutional neural networks (CNNSs) and transfer learning are prominent in identifying
plant diseases, despite issues like data scarcity. The survey highlights the need for improved Al deployment in agriculture and
acknowledges ongoing research efforts to develop automated, effective disease detection methods [2]. Agriculture and forestry are
crucial for food security and economic development, especially in rural areas. The emergence of Smart Agriculture is essential to
address the challenge of providing food security to a rapidly growing population amidst decreasing resources. Traditional agricultural
methods are becoming ineffective, and advanced technologies like sensors, drones, and communication systems are being
implemented to enhance productivity by monitoring crop stress levels and optimizing resource use. Smart agriculture employs data
analysis and technology to manage farming practices efficiently, thus improving yields and supporting sustainable growth. This
transition to technology-driven agriculture is described as the fourth revolution in the sector. It involves innovations like nutrient
monitoring and stress tracking to assist in better crop management. Implementing these advanced systems is seen as critical to
tackling issues of hunger and poverty more effectively than other methods [3].
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Il. LITERATURE REVIEW
Plant disease detection plays a crucial role in agriculture productivity with significant impact on the economy [8]. Timely
identification and management of plant diseases helps in preventing crop losses, ensuring a stable food supply and supporting the
livelihoods of farmers [9]. This section presents an overview of recent ML model-based approaches for plant disease detection.
Ferentinos et al. [10] presented the development of CNN models with variants (AlexNet, AlexNetOWTBn, GoogleNet, Overfeat,
VGGQG) for plant disease detection and diagnosis using images of simple leaves from healthy and diseased plants. The models were
trained on an extensive database of 87,848 images, encompassing 25 plant species in 58 unique [plant, disease] combinations. The
best-performing model achieved an impressive 99.53% success rate in accurately identifying the [plant, disease] combination or
healthy plants.
Mehedi et al. [11] developed a transfer learning approach with three pre-trained models (EfficientNetV2L, MobileNetV2,
ResNet152V2). The study detected 38 leaf diseases across 14 different plants. The dataset was taken from Kaggle [12].
EfficientNetV2L demonstrated the highest accuracy at 99.63%. The integration of XAl through LIME enhances model
interpretability.
Mohanty et al. [13] utilized a public dataset [14] containing 54,306 images of diseased and healthy plant leaves, deep CNNs
(AlexNet and GoogLeNet) were trained to identify 14 crop species and 26 diseases with an impressive accuracy of 99.35% on a
held-out test set.
Jasim et al. [14] explored the application of DL models in the early detection and classification of plant diseases, highlighting the
potential for increased accuracy compared to traditional ML approaches. The Plant Village [14] dataset was used with 20,636
images as three plants, namely, tomato, pepper, and potato crops were chosen because of the most famous types of plants. The CNN
classifier achieved 98.029% accuracy, with the potential for further improvement with a larger training dataset.
Ramesh et al. [15] employed Random Forest for clas-sifying healthy and diseased leaves based on leaf images. The proposed
methodology involved dataset creation, fea-ture extraction using Histogram of an Oriented Gradient (HOG), classifier training, and
classification. In testing with 160 papaya leaf images, the Random Forest classifier achieved approximately 70% accuracy.

11l. METHODOLOGY
A. Existing Systems
The integration of Artificial Intelligence (Al) in agriculture has opened new avenues for managing crop diseases more effectively.
Several existing systems leverage machine learning (ML) and image recognition techniques for early-stage plant disease detection.
These systems collect and analyze data from various sources, including images of crops, environmental conditions, and agronomical
factors, to predict and manage diseases. Al-powered systems, such as the PlantVillage app and PlantNet, provide farmers with real-
time, accessible disease diagnosis by simply uploading photos of their crops. These platforms use convolutional neural networks
(CNNs) and other deep learning techniques to classify and predict diseases based on visual data. This empowers farmers with timely
information, allowing them to take preventive measures, reducing the risk of crop loss.
For example, the use of MobileNetVV2 in mobile applications has enhanced disease detection in cotton and soybean crops by
providing accurate predictions based on image inputs. Al-driven systems can offer scalable solutions that make disease management
more efficient, particularly in resource-limited settings where human expertise may be scarce. Such systems are critical for early
detection, which minimizes the impact of diseases on crop yield and quality, directly contributing to enhanced food security.

B. Challenges in Existing Systems

Data Accessibility and Integration: While these systems provide useful predictions, many are limited by data accessibility issues. In
regions with poor internet connectivity, real-time data updates and disease predictions become less effective. Integration across
different platforms and varying data sources (such as weather, soil, and pest data) remains a challenge, often resulting in
inconsistencies in disease prediction and treatment recommendations. User Interface and Experience: Many existing systems are
designed with expert users in mind, which can make them difficult for farmers with minimal technical knowledge to operate. This
results in underutilization of the technology, limiting its impact. Accuracy and Generalization: Current disease prediction models may
perform well for certain crops but may struggle with accuracy when applied to diverse crop varieties or different environmental
conditions. Models need to be generalized to accommodate varying local agricultural practices and climates. Sustainability Concerns:
While Al models help in disease prediction, the recommended treatment practices often prioritize short-term solutions over
sustainable, eco-friendly methods. The lack of integration of sustainability practices limits the overall benefit of these technologies for
long-term agriculture health.
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C. Proposed System

The proposed system for Al-driven crop disease prediction and management integrates multiple key modules that work together to
offer real-time, accurate, and sustainable solutions to farmers. This system focuses on utilizing deep learning and Al techniques to
identify crop diseases, provide treatment suggestions, and promote sustainable farming practices. Data Collection Modules: The
system uses data from multiple sources, including: Image Data Collection Module: A key feature of the system is the image
recognition capability. Farmers can capture images of crops through the mobile app, which are then analyzed using deep learning
models like MobileNetV2 for disease identification. Environmental Data Module: The system collects data related to environmental
factors such as weather (temperature, humidity), soil conditions, and pest information to improve the accuracy of disease predictions.
Agronomist Insights Module: This module provides access to expert recommendations on disease management and prevention
strategies, promoting sustainable farming practices. Data Processing Unit: Once the data is collected, it is processed and analyzed
using Al algorithms. The system applies Convolutional Neural Networks (CNNs) to classify and predict the presence of crop
diseases. In addition, machine learning models analyze environmental data to provide accurate predictions of disease spread based on
local conditions. The processing unit ensures that the predictions are timely and relevant to the specific crop and geographical
location.

D. User Interface (Ul)

The processed data is presented to users through an intuitive and easy-to-use mobile interface. The app provides:

Real-time Disease Predictions: Based on the uploaded crop images, users receive immediate disease diagnoses, along with severity
levels and suggestions for treatment. Weather and Environmental Alerts: Users are notified of adverse weather conditions that might
exacerbate disease spread. Treatment Recommendations: The system offers a range of treatment options, including both chemical and
organic solutions, depending on the severity of the disease and user preferences. The goal is to promote sustainable practices by
prioritizing eco-friendly treatments where possible. Sustainability and Decision Support Module: In addition to disease management,
the system includes a Sustainable Farming Recommendations Engine, which offers advice on best practices for environmentally
friendly farming. It takes into account factors such as crop rotation, integrated pest management, and water conservation techniques.
The system encourages users to adopt long-term, sustainable agricultural practices, contributing to overall environmental health.
Feedback and Community Engagement: To foster a community-driven approach, the system allows farmers to share their experiences
and feedback. This helps in improving the model’s accuracy over time and encourages collaboration between farmers, agronomists,
and researchers. Users can also access a repository of tips, videos, and articles on crop disease management, enhancing their
knowledge and skills in sustainable farming practices: System Integration and Scalability: The architecture is designed to be scalable
and adaptable to different agricultural regions. It ensures that disease predictions are accurate, even in areas with limited data
availability, by incorporating locally relevant information into the models. Additionally, the system is capable of continuous learning
through machine learning algorithms that improve prediction accuracy over time based on new data collected from different users.
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Figure 1 System Architecture
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IV. MOTIVATION

The proposed Al-driven crop disease prediction and management system seeks to revolutionize agricultural practices in India by
providing farmers with real-time, data-driven insights into crop health. With agriculture being a cornerstone of the Indian economy,
the sector faces significant challenges, including unpredictable weather, crop diseases, and environmental changes, all of which
threaten food security and economic stability. By leveraging Al and machine learning models, this system will offer early detection of
crop diseases, personalized treatment recommendations, and sustainable farming practices. The integration of real-time weather and
environmental data will empower farmers to make informed decisions, reduce crop losses, and enhance productivity.

Ultimately, this initiative aims to support sustainable agriculture, improve food security, and contribute to the overall economic well-
being of rural India.

V. FUTURE SCOPE

The development of an Al-driven crop disease prediction and management system has immense potential for future advancements
in agricultural sustainability. By integrating machine learning and deep learning models, the system could evolve to predict not only
crop diseases but also pest infestations and environmental stressors, offering a more comprehensive health diagnosis for crops. This
could be further enhanced by incorporating drone technology for aerial image analysis, allowing for real-time monitoring of vast
agricultural fields. Expanding the system’s scope, it could cover a wider variety of crops, including fruits and vegetables, enabling
global application and creating a universal platform for crop disease management. The system could integrate with precision
agriculture tools, such as soil sensors and weather stations, to provide more accurate, location-based insights. Furthermore, the
inclusion of blockchain technology could improve the transparency and traceability of the agricultural supply chain, ensuring that
farmers, suppliers, and consumers are assured of sustainably produced goods. The app could also collaborate with agricultural
extension services, offering farmers expert consultations and crop management strategies based on the latest data. Additionally,
integrating the system with e-commerce platforms could help farmers access agricultural products and services, such as pesticides,
fertilizers, and equipment, directly from the app. Supporting multiple languages and an intuitive interface would improve
accessibility for farmers across regions with varying literacy levels. The system could also integrate with government databases to
support policy-making and aid in the distribution of subsidies and support to farmers in need. By incorporating predictive analytics,
the app could assist in forecasting crop yields, providing valuable insights to farmers for better market planning and resource
allocation. Finally, the development of an offline mode would make the system accessible in rural areas with limited internet
connectivity, ensuring that farmers can rely on the app even in remote regions.

VI. CONCLUSION

This survey emphasizes the transformative potential of Al-driven crop disease prediction and management systems in
revolutionizing agricultural practices in India. By providing farmers with real-time, data-driven insights into crop health, weather
conditions, and disease prevention, the system aims to enhance productivity, reduce crop losses, and promote sustainable farming
practices. The integration of machine learning for early disease detection and future advancements, such as drone-based monitoring
and blockchain for supply chain transparency, further strengthens the system’s impact. Ultimately, this approach not only supports
farmers in making informed decisions but also contributes to the long-term sustainability of agriculture, food security, and rural
economic growth.
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