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Abstract

Existing plant disease identification models encounter several limitations, primarily due to their
inability to effectively capture the complex relationships within multifaceted plant images.
Traditional deep learning methods often struggle to accurately detect diseases across various
plant components, resulting in suboptimal performance. Additionally, most existing models
focus on specific plant parts, such as leaves, rather than considering multiple components—
such as leaves, stems, fruits, and roots for a more comprehensive diagnosis. Another major
limitation is the absence of dynamic parameter optimization in conventional models, which
reduces their adaptability for real-time applications. Furthermore, current approaches do not
effectively account for the continuous evolution of plant diseases, making them less reliable

for practical agricultural use.
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To overcome these challenges, this research introduces two advanced deep learning-based
models: the Multivariate Normal Deep Learning Neural Network (MNDLNN). These models
enhance disease identification accuracy, sensitivity, and specificity by leveraging sophisticated
learning techniques. The MNDLNN classifier improves disease detection by analysing
multiple plant components, ensuring a more holistic approach. Meanwhile, the MPO Adapted
Deep NN enhances precision through continuous learning capabilities, enabling more accurate
disease identification. A key innovation of this study is the integration of the Modified Political
Optimization (MPO) algorithm, which dynamically fine-tunes classifier parameters to optimize
performance. These findings mark a significant advancement in plant pathology, providing a

highly accurate and adaptable framework for real-time agricultural disease monitoring.
Keyword: MNDLNN, Deep Learning, Agriculture, Plant Disease
I.  Introduction

In recent years, image processing has advanced significantly, playing a crucial role across
various industries, including agriculture. A key application in agriculture involves detecting
and diagnosing plant diseases by analysing different plant parts, such as leaves, roots, and
stems. [4]. This discussion highlights the significance of image processing in plant disease

management and explores the diverse techniques used for disease detection.[5]

Approximately 70% of India's population depends on agriculture for their livelihood. However,
since 2010, crop production has been on the decline due to several factors, including
unfavourable weather conditions, plant diseases, rodent infestations, improper fertilizer
application, and reduced soil fertility [8]. Given agriculture’s pivotal role in India’s economy,
there is an urgent need to improve and modernize farming practices. [15] To facilitate better
data collection, sensors are strategically placed in crop fields and grain storage facilities to

monitor crucial parameters such as humidity, temperature, and soil moisture levels.

Image processing techniques have become essential in modern agriculture, utilizing
mathematical and computational algorithms to analyze images. These methods support tasks

such as image classification, pattern recognition, and feature extraction. Techniques like

Volume 10, Special Issue 4, March 2025
International Conference on Page No. 358
Sustainable Smart Computing and Communications (ICSSCC-2025).




Vidhyayana - ISSN 2454-8596

An International Multidisciplinary Peer-Reviewed E-Journal
h ; www.vidhyayanaejournal.org
w Indexed in: Crossref, ROAD & Google Scholar

Fourier transformation and filtering methods help detect plant diseases and rodent infestations
in crops. Additionally, various machine learning approaches, including Support Vector
Machine (SVM), Naive Bayes (NB), Decision Tree (DT), K-Nearest Neighbour (KNN),
Random Forest (RF), SVM Regression, and Logistic Regression, have been applied to enhance

plant disease identification.

Plant diseases affect different parts of a plant, leading to significant reductions in crop health
and yield. Leaf diseases, such as powdery mildew and rust, hinder photosynthesis, whereas
root infections, including root rot and nematode infestations, disrupt nutrient absorption,
causing plants to wilt. Additionally, stem diseases like Canker and Bacterial Wilt weaken
structural integrity, leading to lesions and plant dieback. To effectively combat these issues, a
targeted approach to diagnosis and disease management is essential. A thorough understanding
of leaf, root, and stem diseases is crucial for developing effective agricultural strategies that

enhance crop health and productivity [21].

Leaf diseases in plants include various pathological conditions triggered by fungi, bacteria, and
viruses. These diseases typically present as visible abnormalities on the leaves, negatively
affecting plant health and overall growth [16]. Powdery mildew, a widespread fungal infection,
appears as a white powdery coating on leaf surfaces, disrupting the photosynthesis process.
Similarly, leaf spot diseases, caused by different pathogens, lead to the formation of dark spots

on leaves, weakening their structural integrity and overall function.

Root diseases in plants consist of various pathogenic conditions that impact underground
structures essential for nutrient uptake and overall plant well-being. A prevalent example is
root rot, a fungal infection that causes root tissue decay, often worsening due to excessive
moisture. Another significant disease is clubroot, triggered by a pathogenic protist, which leads

to swollen, deformed roots, primarily affecting cruciferous plants.
1 Methodology

This study explores the use of the MPO Adapted Deep Neural Network (NN) classifier for

early plant disease detection, with the goal of minimizing its adverse effects. The process starts
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with gathering standardized data from the PlantVillage dataset, online sources, and images
captured via camera. These images then undergo preprocessing to eliminate noise and

unwanted artifacts.

To precisely identify disease-affected regions, the Adaptive K-Means algorithm is used for
segmentation. Next, key features essential for disease classification are extracted, including
Grey Level Co-occurrence Matrix (GLCM) attributes such as entropy, homogeneity, contrast,
correlation, and energy.[1][7] These extracted features are then integrated and processed by the
MPO Adapted Deep Neural Network, which utilizes its learning capabilities to accurately

detect plant diseases.

A key aspect of this study is the optimization of the Deep NN classifier through the MPO
algorithm, which fine-tunes parameters such as weights and biases to improve accuracy.[24]
This optimization process plays a crucial role in enhancing the model’s performance by
determining the best possible solution for disease identification. Additionally, this research
incorporates the transfer learning approach, which leverages pre-trained models to further

refine detection accuracy.
A. Image Analysis

Image analysis involves the extraction of valuable information from digital images. The
process encompasses various stages, starting with image acquisition and preprocessing to
enhance image quality. Feature extraction identifies relevant aspects like color, texture, and
shapes, while segmentation divides the image into distinct regions. Table 1.1 presents the image
analysis results for the proposed RKMC segmentation algorithm.[12] The analysis reveals the
effective segmentation of unhealthy regions from leaves, fruits, stems, and roots by the RKMC
algorithm. Consequently, a thorough examination of the concealed areas within infected
regions accurately studies the crucial information. As a result, the proposed RKMC not only
produces more fitting segmented images but also improves the accuracy of disease detection.

Table 4.1: Image Analysis of the proposed RKMC segmentation algorithm Caption Disease
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Table 1.1: Image Analysis of the proposed
Part Disease Type Input Image
Leaf Bacterial Blight
Leaf Caterpillar
Leaf Diabrotica Speciosa
Stem Healthy
Stem Sclerotinia
Stem Rot
Root Healthy
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Root Rhizoctonia

Root

II1. Conclusion

This comprehensive study highlights the significant impact of the MPO Adapted Deep NN in
the field of plant disease detection. [9] The limitations of existing models emphasized the
necessity for an innovative approach, leading to the development and implementation of this
advanced model. [5] With its continuous learning capability and the strategic optimization
provided by the Modified Political Optimization (MPO) algorithm, the proposed model
effectively addresses challenges that conventional methods struggle to overcome. The research
findings confirm the superior accuracy and performance of the MPO Adapted Deep NN,

establishing it as a highly efficient tool for precise and reliable plant disease identification.
Iv. Future work

The study can be conducted using different classifiers, and alongside disease detection,

appropriate remedies will also be suggested.

Scaling the model across diverse crops and environments stands as a critical avenue, ensuring

its adaptability to the intricacies of various agricultural settings.

Exploring the incorporation with IoT can help to notify about disease prediction in early stage.
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