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ABSTRACT

The sericulture industry relies heavily on the quality of mulberry leaves, as they directly influence silkworm health and the
quality of silk produced. This study presents a non-intrusive methodology to identify and classify nutrient deficiencies in
mulberry leaves, focusing on key macronutrients such as nitrogen, potassium, and magnesium. The approach combines image
segmentation techniques and clustering algorithms to analyse leaf health. Unhealthy regions are segmented, and features are
extracted to classify nutrient deficiencies and quantify the affected areas. This system offers a reliable and efficient solution
for assessing plant nutrition, ultimately enhancing silkworm health and silk production in the sericulture industry.
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I.  INTRODUCTION

Sericulture, the cultivation of silkworms (Bombyx mori)
for silk production, heavily depends on the quality of
mulberry leaves (Morus spp.), the primary source of
nourishment for silkworms. The nutritional composition of
these leaves directly impacts the health and growth of
silkworms, ultimately influencing the quality and economic
value of silk. High-quality mulberry leaves significantly
enhance the growth, food consumption, and overall health of
silkworm larvae, resulting in superior silk shell and pupae
weight. Therefore, ensuring a consistent supply of nutrient-
rich leaves is vital for optimizing silk production.

Among the critical macronutrients in mulberry leaves,
nitrogen, potassium, and magnesium play essential roles.
Nitrogen supports amino acid synthesis and protein
production necessary for silkworm growth and silk fibre
formation. Potassium regulates osmotic balance and enzyme
activation, aiding metabolic processes. Magnesium facilitates
chlorophyll production, enhancing photosynthesis and overall
plant health. Deficiencies in these nutrients can lead to stunted
silkworm growth, increased mortality rates, and substandard
cocoon formation. This underscores the need for effective
methods to assess and segregate healthy mulberry leaves to
sustain and enhance the sericulture industry.

Nutrient deficiencies in mulberry leaves often manifest
visually. For instance, nitrogen deficiency appears as
yellowing in older leaves due to reduced chlorophyll

production. Potassium deficiency causes brown scorching and
curling at leaf tips and edges, while magnesium deficiency
results in chlorosis or bleaching of the leaf lamina. These
visual cues provide a basis for developing automated solutions
to evaluate leaf quality.

This paper introduces a non-intrusive approach to identify
and quantify nutrient deficiencies in mulberry leaves, focusing
on nitrogen, potassium, and magnesium.

Il. LITERATURE SURVEY

The study titled "Detection and identification of plant leaf
diseases using YOLOv4" published in Frontiers (April 2024)
employs the YOLOv4 algorithm to detect, identify, and
localize plant leaf diseases using the Plant Village dataset. It
achieved a remarkable accuracy of 99.99%, though its
performance is reliant on dataset quality and high
computational demands. Future directions include real-time
applications, edge computing integration, and collaborative
efforts with agricultural experts. Another study, "Nutrient
deficiency identification and yield-loss prediction in leaf
images of groundnut crop using transfer learning” published
in Springer (March 2024), utilizes an enhanced VGG16
transfer learning model to identify nitrogen (N), phosphorus
(P), and potassium (K) deficiencies in groundnut leaves,
achieving a classification accuracy of 98%. The methodology,
while highly accurate, requires validation across diverse
environments and crops.
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In IEEE (February 2024), the study "A Curriculum
Learning Approach to Classify Nitrogen Concentration in
Greenhouse Basil Plants Using a Very Small Dataset and
Low-Cost RGB Images" employs the Curriculum by
Smoothing (CS) technique with ResNet50V2, achieving a 7%
higher accuracy compared to traditional methods. However,
its complexity and hardware requirements pose challenges.
The research "Towards Sustainable Agriculture: A Novel
Approach for Rice Leaf Disease Detection Using dCNN and
Enhanced Dataset" (February 2024, IEEE) introduces a
lightweight dCNN method, excelling in accuracy with fewer
parameters, yet it demands better hardware and involves
hyperparameter complexity.

The study titled "YR2S: Efficient Deep Learning
Technique for Detecting and Classifying Plant Leaf Diseases"
(IEEE, December 2023) proposes an optimized YOLOv7-
based framework combined with Rat Swarm and Red Fox
Optimization (YR2S), achieving 99.69% accuracy. However,
it struggles with dense spot detection and real-time efficiency.
In contrast, the paper "Using Deep Learning Model to Identify
Iron Chlorosis in Plants" (IEEE, May 2023) uses SSD
MobileNet v2 and EfficientDet DO models for nutrient
deficiency detection, demonstrating high accuracy (93-98%)
and suitability for real-time applications, though limited by its
box-based detection approach.

The study "Tea leaf disease detection and identification
based on YOLOvV7 (YOLO-T)" (Nature, April 2023) enhances
the YOLOv7 architecture with attention mechanisms,
significantly improving detection accuracy in natural settings.
However, challenges with limited labelled data and a lack of
evaluation metrics persist. Similarly, "Deep Learning Based
Disease, Pest Pattern, and Nutritional Deficiency Detection
System for Zingiberaceae Crop” (MDPI, May 2022) employs
CNNs and VGG-16 models to detect diseases and deficiencies
in ginger plants, achieving up to 99% accuracy but is
constrained by dataset specificity.

Lastly, "A Mobile-Based System for Detecting Plant Leaf
Diseases Using Deep Learning" (MDPI, July 2021) presents a
mobile app utilizing CNNs for plant disease detection across
14 crop species, achieving a detection accuracy of 94%.
Despite its real-time capabilities, the system faces challenges
with subtle bacterial and viral symptoms and limited data.
Future advancements for many of these methodologies
include expanding datasets, improving scalability, and
exploring real-time or UAV-based applications.

1.  PROPOSED METHODOLOGY

The process for detecting and classifying nutrient
deficiencies in mulberry leaves is structured into several key
steps. It begins with data preprocessing, which involves
cleaning and normalizing raw input data to ensure consistency
and accuracy for further analysis. The data is then split into
training, validation, and test sets, with optional augmentation
techniques applied to enhance model robustness and
generalization.

Once prepared, the system identifies unhealthy regions in
leaf images, followed by the classification of specific nutrient
deficiencies such as nitrogen, potassium, and magnesium. The
evaluation of the models is conducted using metrics such as
precision, recall, and accuracy to ensure reliable performance.
After meeting the required benchmarks, the system undergoes
further optimization through techniques like hyperparameter
tuning.

Finally, the optimized model is deployed into a user-
friendly interface, enabling users to upload leaf images,
receive health assessments, and identify specific nutrient
deficiencies along with detailed information about the affected
areas. This comprehensive workflow provides a practical and
efficient solution for improving leaf quality analysis in the
sericulture industry.
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Figure 1: Workflow
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CONCLUSION

This study underscores the efficacy of advanced image
processing and machine learning techniques in identifying
nutrient deficiencies in mulberry leaves. The methodology
employed clustering algorithms to segment leaf regions based
on pixel value similarities, followed by feature extraction to
pinpoint deficient areas with precision. These features were
then classified to identify specific nutrient deficiencies.

A well-curated and annotated dataset of mulberry leaf
images was integral to the system's success, ensuring accurate
model training and evaluation. This comprehensive approach
demonstrates the potential of combining innovative techniques
with quality datasets to develop reliable and efficient solutions
for nutrient deficiency detection, contributing to enhanced
agricultural practices and productivity within the sericulture
industry.

7. FUTURE ENHANCEMENTS

While this study presents a significant step forward in
addressing nutrient deficiencies in mulberry leaves, there are
several avenues for future improvements and enhancements.
Expanding the dataset to include images exhibiting
deficiencies in additional macronutrients and micronutrients
would provide a more comprehensive diagnostic tool. Such an
enhancement would enable the system to address a broader
range of nutritional issues, ultimately improving the quality of
silk production.

Real-time implementation of the system could significantly
enhance its practical utility. Real-time analysis would allow
sericulturists to quickly identify and segregate healthy and
deficient leaves, streamlining the feeding process and ensuring
consistent silk quality. Developing a mobile application
version of the system would further increase its accessibility
and usability, allowing field-level diagnostics and immediate
feedback. This mobility could lead to widespread adoption
and substantial improvements in silk quality across the
industry.
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