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Abstract : Agriculture is the backbone of many economies, providing food and raw materials essential for
human survival. However, plant diseases significantly impact crop productivity, leading to financial losses
and food shortages. Early detection and appropriate treatment of plant diseases are critical to maintaining
agricultural sustainability. This project, "Plant Disease Detection and Fertilizer Suggestion,” presents an Al-
powered system that identifies plant diseases using deep learning techniques and suggests suitable fertilizers
based on the detected diseases. Traditional plant disease detection methods rely on manual inspection, which
is time consuming, prone to human error, and requires expert knowledge. With advancements in computer
vision and artificial intelligence, automated systems can now accurately classify plant diseases and provide
recommendations. Our system utilizes Convolutional Neural Networks (CNNSs) to analyze plant leaf images
and detect diseases with high accuracy. By leveraging deep learning, the model can differentiate between
multiple plant diseases, ensuring precise diagnosis.
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I.INTRODUCTION

Agriculture is among the most vital sectors for supporting human existence, supplying food, raw materials,
and employment opportunities for millions globally. Nonetheless, plant diseases present a significant hurdle,
diminishing crop production and jeopardizing food security. Timely identification and appropriate
management of plant diseases are essential to avert economic losses and promote sustainable agricultural
practices. Conventional techniques for disease identification, which depend on visual examinations by farmers
and specialists, often prove to be inaccurate, labor-intensive, and impractical for large-scale farming. With
the swift progress in artificial intelligence and deep learning, automated identification of plant diseases has
emerged as a promising approach. Convolutional Neural Networks (CNNs) have demonstrated exceptional
accuracy in classifying diseases through images. This project utilizes ResNet18, a deep learning framework,
to identify plant diseases from pictures and suggest appropriate fertilizers. By merging Al with agriculture,
this project offers a practical and scalable approach for farmers, allowing them to make informed choices and
enhance crop health effectively.

Agriculture plays a crucial role in maintaining food security and economic stability. Nonetheless, plant
diseases can result in considerable losses, impacting farmers' livelinoods and the global food supply chain.
The motivation behind this project arises from the following essential factors: Economic Impact of Crop
Diseases: Diseases can lead to significant financial losses due to lower yields and higher pest control costs.
Lack of Expert Availability: Numerous farmers, particularly in rural areas, lack access to agricultural
specialists for prompt disease diagnosis and treatment. Inefficiency of Manual Detection: Visual inspection
techniques are subjective, variable, and impractical for extensive farming operations. Advancements in Al
and Deep Learning: The emergence of high-performance computing and extensive agricultural datasets has
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enabled the development of automated disease detection models. 3 Sustainability and Precision Agriculture:
Al-driven disease detection facilitates the efficient use of fertilizers and pesticides, minimizing environmental
impact and encouraging sustainable farming methods.

I1. NEED OF THE STUDY.

Problem Definition Crop damage caused by plant diseases results in substantial financial losses and food
scarcity. Farmers frequently face difficulties in accurately diagnosing plant diseases, which leads to the
improper application of pesticides and fertilizers. This delay in taking action worsens the situation, resulting
in widespread crop failures. The difficulty lies in creating a system capable of accurately diagnosing plant
diseases and suggesting suitable fertilizers without the need for expert knowledge.

Obijectives :

1. Creating an Al-driven model: Employing a deep learning model (ResNet18) to classify plant diseases with
precision.

2. Assembling a thorough dataset: Gathering and preparing images of both healthy and infected plants for
training the model.

3. Linking diseases to fertilizer suggestions: Developing a knowledge base that connects each identified
disease to the most suitable fertilizer recommendation.

4. Improving accessibility: Crafting an intuitive interface that allows farmers to upload images of plants and
obtain instant diagnoses and treatment advice.

5. Guaranteeing scalability and efficiency: Building a system that can be incorporated into mobile
applications, ensuring its availability to farmers worldwide.

I11. RESEARCH METHODOLOGY

Initial techniques for identifying plant diseases depended on manual inspections conducted by agricultural
specialists. Farmers recognized diseases based on visual indicators, such as alterations in leaf color, texture,
and spotting. Nonetheless, this method had several drawbacks:

1. Time-consuming and labor-intensive

2. Demands expertise, making it unattainable for small-scale farmers

3. High risk of misdiagnosis, resulting in inappropriate treatments In order to address these issues, image
processing methods such as thresholding, edge detection, and color segmentation were implemented.
Although these techniques enhanced accuracy in comparison to manual inspections, they faced difficulties
with intricate backgrounds and variations in lighting.

With the progress in artificial intelligence, machine learning (ML) and deep learning (DL) frameworks have
been extensively utilized for identifying plant diseases. Numerous research studies demonstrate the
proficiency of Al-based systems:

1. Convolutional Neural Networks (CNNs) have shown remarkable success in classifying plant diseases from
leaf images. Frameworks such as AlexNet, VGG16, ResNet, and MobileNet have achieved impressive
accuracy in image classification endeavors.

2. Transfer learning strategies enable pre-trained models to be adapted for plant disease datasets, decreasing
training duration and enhancing performance.

3. Hybrid models that merge Al with Internet of Things (1oT) facilitate real-time disease monitoring in smart
agriculture.

This project employs a systematic method for addressing the issue of detecting plant diseases and
recommending fertilizers. The primary methodologies consist of:

1. Data Collection and Preprocessing A collection of plant images is gathered from publicly available
repositories and agricultural research institutions. Preprocessing methods such as image augmentation,
normalization, and resizing are utilized to enhance model training.

2. Deep Learning Model Development A Convolutional Neural Network (CNN) model, namely ResNet18,
is chosen for the task of image classification. Transfer learning is utilized to optimize the model by using pre-
trained weights, thus enhancing accuracy and decreasing training duration.

3. Model Training and Validation The dataset is divided into training and validation subsets. Performance
indicators like accuracy, precision, recall, and F1-score are tracked to assess the effectiveness of the model.
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4. Disease-Fertilizer Mapping 5 A knowledge base is developed that associates each identified disease with
the corresponding fertilizer. Rule-based logic and expert insights are incorporated into the system to provide
accurate recommendations.

5. Deployment and Integration The user interface enables farmers to upload images and obtain immediate
disease diagnosis and fertilizer recommendations.

User Interface

—

Website

image Upload

|

Image
Preprocessing

|

Disease
Detection(CNN)

Medicine
Suggestion

|

+
Stop

FIG 1. System Architecture

Mathematical Model
1. Disease Classification using CNN (Convolutional Neural Networks)
2. Mathematical formula:
e y = Predicted disease class
o W = Weights of the CNN model
e X = Input image matrix
e b = Bias term
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FIG 2: Mathematical Model Daigram

IV. RESULTS AND DISCUSSION

Test
Cas Description Input Expected Output| Actual Output | Status
e
ID
Upload a Image is
TC- | Image Upload - high- . successfully Image
. resolutio - Pass
00 | Valid Image ) uploaded, and a | displayed as
1 nimage preview is expected.
of a h
plant leaf. ST
Upload an | Error message:
TC- | Image Upload - | unsupported| "Invalid file Error Pass
00 Invalid Format | file format | format. Please message
2 (e.g., .txt). upload an displayed.
image."
System
Disease Up!oad classifies the Correct
TC- ] an image D
00 Detection - of a plant as classification Pass
Healthy healthy with a with 98%
3 healthy ) .
Plant olant. high confidence.
confidence
score.
System
Disease Detection identifies the Disease correctly
- Diseased Plant | Upload specific identified at 92% |Pass
TC- an image disease (e.g., confidence.
004 of a Leaf Blight)
diseased with a
plant. confidence
score
above 90%.

IJCRT25A4686 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | 0377


http://www.ijcrt.org/

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 4 April 2025 | ISSN: 2320-2882

Recommendati
Fertilizer ons include Recommendations
Recommendation | Disease specific provided as per the
TC. Disease Detected| detected: fertilizers with  [database mapping. [Pass
005 "L.eaf ) dosage and
Blight". application
guidelines.
Test Case

~ Predective Medicine Model for Plant
Wellness Assessment °

Upload an image of a plant leaf to detect diseases and get fertilizer recommendations.

o

Upload & Detect

FIG 3: Prediction Home Page

-~ Predective Medicine Model for Plant Wellness
Assessment

Upload an image of a plant leaf to detect diseases and get fertilizer recommendations.

Choose File

Upload & Detect

Uploaded Image:

Detection Result:

Disease: Apple__ _Apple_scab

Fertilizer Suggestion: Apply fungicides containing captan or copper and ensure proper pruning.
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FIG 4 : Detection Result

~ Predective Medicine Model for Plant Wellness
Assessment

Upload an image of a plant leaf to detect diseases and get fertilizer recommmendations.

Upload & Detect

Uploaded Image:

Detection Result:

Disease: Cherry_ (including_sour) _ _ _healthy

Fertilizer Suggestion: Healthy: No fertilizer needed right now.

FIG 5: Healthy Leaf & no fertilization needed
Discussion

1. Accuracy and Reliability: The Al model, which is based on the ResNet18 architecture, exhibited high
accuracy in identifying plant diseases. With a reported accuracy surpassing 90% across various datasets, the
system has shown to be both dependable and strong in detecting different plant pathologies. This level of
accuracy is vital in reducing false diagnoses, which directly influences the prompt and effective application of
fertilizers.

2. Integration and Workflow Efficiency: By flawlessly merging image processing, Al inference, and a
recommendation engine, the system guarantees that users obtain comprehensive outputs from a single
interaction. The well-coordinated data flow—from image upload to database storage and result generation—
demonstrates the strength of the system's modular design and effective communication between modules.

3. User-Centric Design: The user interface was created with ease of use and accessibility in mind, making
sure that even non-technical users (such as farmers in remote regions) can effortlessly interact with the system.
Features like multilingual support, mobile and web accessibility, and clear visualization of results significantly
enhance the user experience.

4. Cost-Effectiveness and Practical Impact: This project showcases a feasible solution that can decrease
reliance on manual disease diagnosis, lower crop management costs, and enhance yield outcomes. By
automating disease detection and providing exact fertilizer recommendations, the system aids in optimizing
resource use, minimizing chemical over application, and fostering sustainable agricultural practices.

5. Research and Innovation: From a research standpoint, this project acts as a reference point for future
investigations in Al driven agriculture. It connects the gap between theoretical machine learning models and
practical, real-world applications, laying the groundwork for ongoing enhancement and innovation in this field.

V Future Work

Although the existing implementation of the Plant Disease Detection and Fertilizer Suggestion System
is a robust and scalable solution, there are still several opportunities for future enhancement and expansion.
These improvements will not only heighten the system's accuracy and reliability but also extend its range
to include additional elements of contemporary agriculture.

1. Expansion of Disease and Crop Coverage:

Future work should concentrate on widening the dataset to comprise a broader range of plant species and

diseases. This expansion will improve the system’s generalization capabilities and enable it to address varied
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agricultural contexts worldwide. Incorporating data from local agricultural research institutions can further
enhance the relevance and accuracy of disease identification.
2. Integration of Additional Agronomic Parameters:

Incorporating extra environmental parameters such as soil moisture, temperature, humidity, and weather
conditions can make fertilizer recommendations more precise. By creating a more comprehensive context-
aware system, the algorithm can provide customized solutions that take local environmental variations and
seasonal factors into account.

3. Advanced Al Techniques and Model Improvements:

The system can take advantage of utilizing newer deep learning frameworks like EfficientNet or
Transformer-based models, which might offer improved performance and quicker inference times. Future
versions may also investigate ensemble learning strategies, merging multiple models to bolster prediction
reliability and resilience against outlier data.

4. Real-Time and Edge Computing:

Creating a real-time processing framework that utilizes edge computing can minimize latency and enable
farmers in remote regions to gain immediate insights without depending solely on cloud connectivity.
Optimizing the model for implementation on low-power edge devices using tools like TensorFlow Lite or
ONNX will be vital for this enhancement.

5. User Feedback and Adaptive Learning:

Incorporating a feedback loop from end users can help the system to learn and enhance continuously.
User feedback concerning the precision of disease detection and the effectiveness of fertilizer suggestions
can be integrated back into the system to dynamically refine models. This adaptive learning methodology
would ensure that the system progresses based on real-world outcomes and user experiences.

6. Enhanced Security and Privacy Measures:

As the system scales and processes more sensitive information, further advancements in security
protocols are crucial. Future work could emphasize embedding advanced encryption methods, blockchain-
based audit trails for data access, and more secure authentication systems to guarantee comprehensive data
privacy and safety.

7. Mobile Application Enhancements:

To boost the system’s accessibility, a specialized mobile application with offline functionalities can be
developed. This app should include real-time notifications, user-friendly dashboards, and interactive
tutorials to assist farmers in effectively utilizing the system. Additional features such as voice commands
and augmented reality (AR) for disease visualization could also be considered.

8. Commercialization and Integration with Agri-Tech Ecosystems:

Future work could also focus on merging the system with current agricultural technology platforms.
Partnerships with agri-tech companies might pave the way for establishing an ecosystem where the disease
detection framework is part of a broader suite of tools for precision farming, which includes irrigation
management, pest control, and yield forecasting.
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