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Abstract

A variety of leaf diseases affecting maize plants led to a notable reduction in crop yield, both
in terms of quantity and quality. Traditional visual detection of these diseases was prone to
subjectivity and limited accuracy. Therefore, advanced machine learning (ML) and deep
learning (DL) techniques were explored to improve classification and detection practices in
agricultural research. This study focused on employing ML and DL methodologies for the
automated classification of maize leaf diseases, utilizing the "Corn or Maize Leaf Disease
Dataset,” which includes images of leaves affected by diseases such as common rust, blight,
and gray leaf spot, alongside healthy samples. Four algorithms were implemented and
evaluated: Convolutional Neural Networks (CNN) and Artificial Neural Networks (ANN). The
models were trained on the dataset to identify disease patterns and characteristics in maize
leaves. The results indicated that the CNN model achieved an accuracy of 95%, demonstrating
its superior capability in image classification tasks. while ANN 85%. The comparative analysis
provided a comprehensive understanding of the strengths and limitations of each algorithm in
the context of maize leaf disease detection. The study concluded that deep learning models,
particularly CNNSs, are highly effective in this domain, offering precise and efficient disease
management with minimal manual intervention. These findings offer valuable insights for
future agricultural research and highlight the potential of integrating advanced computational
techniques to optimize agricultural diagnostics and enhance crop management.

Introduction

Agriculture is one of major sector of the Pakistan economy. With increase in population, the
mandate for food is on the rise exponentially. However, the crop yield is far-off less than
required. Behind low crop production, there are various factors such as global climate change,
and plant diseases. Plant disease may affect different parts of plants including root, leaf, stem,
fruit, flower, and other vital parts, and hence result in low yield. Among these disease, plant
leaf disease are highly significant Leaf diseases impact maize crops, reducing photosynthesis,
causing premature leaf death, weakening plants, and yielding loss. Common maize leaf
diseases include gray leaf spot, northern leaf blight, southern leaf blight, common rust, and
tar spot. Effective management involves crop rotation, disease-resistant varieties, sanitation,
monitoring, early detection, and fungicide treatments. Timely intervention and proper disease
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identification minimize maize yield loss. To improve the yield by the assessment of the quality
of the crop, accurate disease monitoring visually examining anything is no easy feat.
Researchers have developed new methods, like object detection and image processing, to tackle
these challenges. Maize, commonly known as corn, is one of the most important food crops for
human consumption, as it has a high potential yield and nutritional value. In many parts of the
world, maize is a staple food that provides carbohydrates, fiber, vitamins, and minerals. The
adaptability of maize to different climatic conditions and the developments in agricultural
practices have enabled the production of high-yielding varieties, which help to address food
security problems. Maize is a rich source of energy for human beings. Moreover, it serves as a
very important feed component for animals. In a nutshell, maize is nutritionally significant and
has high yields, making it an essential factor in improving human health and sustainable
agriculture. Scientists are working continuously to enhance its yield by using various
techniques. But Maize is highly vulnerable to various plant diseases that decrease its yield
(Baliyan et al., 2021). Low maize yield can be attributed to several factors, including climate
conditions, nutrient deficiencies, weed competition, and poor farm management practices.

Drought, excessive rainfall, and extreme temperatures can be some of the adverse weather
conditions that hinder maize growth. Nutrient deficiencies, especially nitrogen, phosphorus,
and potassium, limit plant growth and grain formation. Weed competition and improper farm
management practices further contribute to low yield. One of the major factors that cause
significant damage to the crop is fungal infections and pests such as corn borers and
armyworms. Some of the several leaf diseases that affect maize plants and lead to reduced yield
include stalk rot, leaf blight, ear rot, gray leaf spot, maize mosaic virus, and maize dwarf mosaic
virus. The various symptoms that these diseases manifest include stalk deterioration, browning
and drying of the leaves, rotting and discolouration of the ear, gray lesions on the leaves, and
stunted growth. Good disease management methods such as the use of disease-resistant maize
varieties, crop rotation, and appropriate timing of fungicides must be used to reduce the losses
and ensure the plant is healthy (Kurniawan and Pading, 2018). Classification of traditional
maize leaf disease usually applies manual procedures, which mainly entail subjective visual
inspection by the human experts and symptom-based identification. Experts visually analyze
the leaves to determine the appearance of the symptoms and match the observed pattern with
known patterns. However, this technique has drawbacks such as being subjective, inefficient,
and possibly prone to misdiagnosis since similar symptoms and environmental changes may
occur. Laboratory-based techniques, which include microscopic examination or isolation of
pathogens, may also be used for more precise diagnosis. There are different types of automated
solutions that can be used for the detection, prediction, and management of diseases in maize
plants to overcome these limitations. Some of the common types are Image-based diagnosis
which includes: computer vision techniques, application of remote sensing technologies; for
the capturing and interpretation of high-resolution images about maize fields, sensor-based
monitoring of the environment without a break, decision-support systems with data-driven
models to help in making smart decisions, and mobile-based applications which allow access
real-time information and diagnosis over diseases. These automated solutions enable rapid and
accurate disease detection, proactively implement management strategies, and enhance crop
health in maize farming. Continuous improvement occurs by retraining with new data, which
enhances accuracy and adaptability to different conditions and new disease variants. This
application of Al leads to efficient, scalable solutions for managing plant diseases for better
crop health and yield. (Kihl et al., 2022) Image-based diagnostic tools, using computer vision
technologies for analyzing images of maize leaf or other plant parts towards identifying and
diagnosing maize leaf diseases. Machine learning can be trained on a large collection of labeled
imageries towards identifying the symptoms that characterise a disease for further classification
into type or degree. Sensor-based monitoring sensor technologies, such as infrared sensors,
spectrometers, or hyperspectral imaging, can be applied to collect data on different parameters,
such as leaf temperature, chlorophyll content, or reflectance spectra. These data can then be
analyzed using machine learning algorithms to identify disease patterns or anomalies and
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provide early warnings. Decision support systems combine weather, soil moisture levels, and
disease models with historical information to provide recommendations and guidelines on
disease management strategies for farmers. These systems use algorithms, which process and
analyze information to give actionable insights optimizing disease control measures. Using
high-resolution cameras and sensors, robotics and drones allow for automated monitoring of a
large agricultural field. These devices can capture images or collect data from different parts
of the field and transmit them for analysis. These data can subsequently be recycled to apply
machine learning algorithms for the purpose of disease detection and focused intervention
guidance.

Objectives

® Train machine and deep learning models using the dataset, utilizing appropriate training-
validation splits.

® Investigate and examine how well various techniques that use machine learning and deep
learning to classify maize leaves / detection.

® A detailed comparison performs to validate the accuracy.

Material and Methods
Dataset Description
The "Corn or Maize Leaf Disease Dataset" was sourced from Kaggle, consisting of 4188
labeled RGB images, each resized to 256x256 pixels. The dataset was divided into four
categories based on visual symptoms:

o Blight (1146 images)

o Gray Leaf Spot (574 images)

e Common Rust (1306 images)

e Healthy (1162 images)
These images reflect real-world conditions with variable lighting, background interference, and
symptom manifestation.

Dataset Description
Before model training, several preprocessing steps were performed to enhance model
performance and prevent overfitting. These steps included:

« Image resizing and reshaping to maintain input consistency.

o Pixel normalization by scaling to a 0-1 range.

« Image augmentation techniques such as horizontal/vertical flipping, zooming, shifting,

and rotation.
« Dataset splitting into 80% training and 20% testing data.
o Application of class weights to address the imbalance in class distribution.

Framework and Tools
Python programming language was used in combination with:
« Tensor Flow and Keras: for model creation and training.
o Scikit-learn: for evaluation metrics and model validation.
« NumPy and Pandas: for data manipulation.
e Matplotlib and Seaborn: for visualizing learning curves and confusion matrices.

Model Design

e CNN Architecture: The CNN model included multiple layers:
Convolutional layers for feature extraction
Activation functions (ReLU) to introduce non-linearity
Pooling layers for dimensionality reduction
Dropout layers for regularization
Dense fully connected layers leading to a softmax output
Adam optimizer and categorical crossentropy loss function

o O O 0O O O
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e ANN Architecture: The ANN consisted of:
o Flattened input layer derived from the image matrix
Three hidden layers with LeakyReLU and ELU activations
Output layer with softmax activation
Adam optimizer and sparse categorical crossentropy

O O O

Evaluation Metrics
Performance evaluation included:
e Accuracy: percentage of correct predictions
« Precision and Recall: to assess the relevance and sensitivity
e F1-score: harmonic mean of precision and recall
o Confusion Matrix: to observe misclassifications per class
e« ROC-AUC Curve: to understand the separability of disease classes

e
Pre Processing
(Training, Validation, Testing)

Classification

N T

Detection

Machine Deep Learning Machine Deep Learning
Learning Algorithms Learning Algorithms
Algorithms Algorithms
ANN CNN ANN CNN
Random AlexNet Random AlexNet
Forest Forest

T~

Output Classes
(Results with Accuracy)

1: Healthy

2: Blight

3: Common_Rust
4: Gray_Leaf_Spot

Figure 1: Proposed Methodology for Detection of Disease on Maize Leaf.

Results and Discussion

CNN Model

The CNN model demonstrated superior performance in disease classification tasks. With an
overall accuracy of 95%, it accurately identified subtle variations in disease symptoms.
Visualization through heatmaps confirmed that CNN effectively localized disease-affected
regions. The model showed minimal confusion between classes, with Common Rust and
Healthy classes achieving the highest precision. Its deep layers allowed for nuanced learning,
capturing color and texture variations associated with each disease type.

ANN Model

The ANN model achieved an 87.05% accuracy. While it performed adequately on clearly
defined samples, it was less robust on visually ambiguous images. The model sometimes
misclassified Blight and Gray Leaf Spot due to their similar brownish-yellow patterns.
Compared to CNN, ANN lacked spatial feature capturing, which limited its ability to
distinguish between closely related disease manifestations.
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Comparison of Results

Metric CNN ANN

|Accuracy 195% 187.05% |
|Precision 194% 186% |
Recall 193.7% 185.3% |
F1-Score 93.8% 85.6% |

From this comparison, it is evident that CNN offers more precise and generalized learning,
making it a better candidate for real-time applications in agriculture.

Challenges and Limitations
Despite promising results, the study faced certain challenges:
o Dataset imbalance required synthetic augmentation.
o Limited GPU availability prolonged training.
« Environmental factors (lighting, shadow) affected image clarity.
o Risk of overfitting in deeper CNN layers required regularization.
« Transferability to other crops or locations was not tested.
Conclusion and Future Work
This study confirms that deep learning models, especially CNN, are powerful tools for
automated maize disease detection. The proposed CNN model showed high reliability across
all metrics. In contrast, the ANN model lacked spatial feature extraction capacity and yielded
lower classification accuracy.
This approach can be integrated into mobile applications or edge-computing devices to support
farmers in rural areas with limited access to agronomists. Furthermore, the study establishes a
baseline for future research in plant disease detection using Al.

Future directions include:
« Leveraging pre-trained architectures (e.g., ResNet, DenseNet)

o Integration with mobile/web applications for field usage
o Use of hyperspectral or drone-based imagery for precision agriculture
o Creating larger, diverse maize disease datasets for generalizable models
« Testing on real-time streaming video for in-field analysis
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