Library Progress International Print version ISSN 0970 1052
Vol.44 No.3, Jul-Dec 2024: P.6801-6809 Online version ISSN 2320 317X

Original Article Available online at www.bpasjournals.com

Integration of Al in Identifying and Treating Stem Canker in Dragon Fruit
Plants Caused by Neocytalidium Species

Navya Nilay

Sanskriti School, Chanakya Puri, New Delhi, India
navyanilayl4@gmail.com

How to cite this article Navya Nilay (2024) Integration of Al in Identifying and Treating Stem Canker in Dragon
Fruit Plants Caused by Neocytalidium Species. Library Progress International, 44(3), 6801-6809.

ABSTRACT

Stem canker caused by Neocytalidium species poses a significant threat to the cultivation of dragon fruit
(Hylocereus spp.). While traditional methods of identification and treatment require significant time and labor,
the advancement of artificial intelligence (Al) offers a new frontier for precision agriculture. This paper proposes
the development of an Al-based model to diagnose and treat stem canker in dragon fruit plants with greater
accuracy, efficiency, and scalability. By leveraging machine learning algorithms, image recognition, and real-
time data analysis, the proposed model could revolutionize agricultural disease management, enhancing crop yield
and sustainability.

1. Introduction:

Dragon fruit (Hylocereus spp.), also known as pitaya, is an increasingly important crop in tropical and subtropical
regions worldwide due to its high nutritional value and economic potential. However, its cultivation faces several
challenges, among which stem canker, caused by Neocytalidium species, is one of the most destructive diseases.
Stem canker significantly reduces both yield and plant health, posing a major threat to farmers and the broader
agricultural sector involved in dragon fruit production.

Currently, the identification and treatment of stem canker are manual processes, relying heavily on the experience
and expertise of agricultural workers. This manual approach often leads to delayed detection, misdiagnosis, and
ineffective treatment, especially in the early stages of infection. Moreover, the labor-intensive nature of these
practices makes it difficult to scale across large farms, resulting in significant economic losses. Given the
increasing demand for dragon fruit, the need for a more precise and scalable solution to manage stem canker has
never been greater.

This is where artificial intelligence (AI) has the potential to make a substantial impact. In recent years, Al,
particularly machine learning and image recognition technologies, has revolutionized various industries, including
healthcare, finance, and transportation. Its application in agriculture, though still in its early stages, shows great
promise, especially in the area of plant disease detection and management. By automating and enhancing
traditional agricultural practices, Al can help reduce human error, increase efficiency, and promote sustainable
farming techniques.

This paper proposes the development of an Al-based model to detect and treat stem canker in dragon fruit plants
caused by Neocytalidium species. The model would use advanced image recognition algorithms to identify early
symptoms of stem canker based on visual data, such as stem lesions, discoloration, and cracking. Furthermore, it
would integrate environmental data, including temperature, humidity, and soil health, to recommend optimized
treatment strategies. The integration of Al in this domain has the potential to not only improve the precision of
disease detection but also reduce the use of chemical treatments by providing targeted and data-driven
interventions.

1.1 Significance of Dragon Fruit Cultivation:
Dragon fruit has seen a surge in global demand due to its rich antioxidant properties, high vitamin content, and
potential health benefits. As a result, many countries, particularly in Southeast Asia, Central and South America,
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and parts of the Middle East, have expanded their dragon fruit production. However, this expansion is under
constant threat from various plant diseases, with stem canker being one of the most prevalent and difficult to
manage.

In addition to direct economic losses caused by crop failure, farmers face increased costs associated with the
overuse of fungicides and pesticides. Over-application of chemicals can lead to soil degradation, resistance in
pathogens, and negative environmental impacts, including harm to non-target organisms and reduced biodiversity.
Addressing these challenges requires a shift towards more precise, sustainable, and efficient disease management
practices.

1.2 Stem Canker in Dragon Fruit Plants:

Stem canker, caused by Neocytalidium species, is a fungal disease that affects the stems and branches of dragon
fruit plants. It is characterized by the appearance of lesions, cracking of the plant tissue, discoloration, and eventual
plant death if left untreated. Neocytalidium thrives in warm, humid environments, which are typical conditions in
regions where dragon fruit is commonly cultivated. The fungus can spread rapidly, especially in densely planted
fields, further complicating efforts to contain the disease.

Early detection of stem canker is crucial for effective disease management, as symptoms in the early stages are
often subtle and difficult to distinguish from other types of plant stress. However, farmers often fail to recognize
the disease until it has progressed to a more severe stage, at which point it becomes difficult to treat without
resorting to aggressive chemical interventions. This highlights the need for more reliable and timely diagnostic
methods that can detect infections before they spread extensively.

1.3 The Role of Al in Agriculture:

Artificial intelligence, particularly machine learning and deep learning techniques, has gained considerable
attention in the field of precision agriculture. Al models, when trained on large datasets, are capable of identifying
complex patterns in data that may not be readily apparent to human observers. In the context of plant disease
detection, Al systems can analyze high-resolution images of plants to detect symptoms that might go unnoticed
by human workers. Additionally, Al can process vast amounts of environmental data—such as soil moisture,
temperature, and humidity—to predict disease outbreaks and suggest optimal treatment windows.

Several studies have demonstrated the efficacy of Al in diagnosing plant diseases in crops like wheat, maize,
tomatoes, and rice. For instance, convolutional neural networks (CNNs), a type of deep learning model, have been
used to classify plant diseases with remarkable accuracy. These models rely on large datasets of labeled images,
which are used to train the Al system to recognize disease symptoms. Once trained, the Al can be deployed in the
field, often through smartphone apps or drone-based image capture systems, providing real-time disease detection
and diagnosis.

While there has been substantial progress in the application of Al to some staple crops, dragon fruit remains
underexplored. Moreover, stem canker, with its distinctive but sometimes confusing symptoms, presents a unique
challenge for Al-driven detection models. Therefore, this paper seeks to address this gap by proposing an Al
solution specifically tailored to detecting and managing stem canker in dragon fruit plants.

1.4 Objectives of the Proposed Model:

The primary objective of this research proposal is to develop an Al-based model that integrates both image
recognition and environmental data to detect and treat stem canker in dragon fruit plants. This model will not only
identify the presence of Neocytalidium-induced canker but also classify the severity of infection, allowing for
more targeted and effective treatment interventions.

The key objectives include:

1. Early Detection of Stem Canker: Develop an image recognition system capable of detecting the early
visual symptoms of stem canker from high-resolution images, including subtle discoloration, lesions, and
cracking.

2. Classification of Disease Severity: Create a classification framework to categorize the severity of the
infection, allowing for tailored treatment approaches depending on the stage of the disease.
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3. Optimized Treatment Recommendations: Use Al to analyze environmental data (e.g., humidity,
temperature, soil conditions) in conjunction with disease data to provide optimized treatment options,
reducing the overuse of chemicals.

4. Real-Time Monitoring and Scalability: Implement real-time disease monitoring using drones or mobile
devices to provide farmers with immediate feedback and treatment options, making the solution scalable
to large farms.

1.5 Structure of the Paper:

The following sections will further explore the problem of stem canker in dragon fruit plants and outline the
proposed Al-based solution. The Literature Review section will delve into previous studies on Al in agriculture,
particularly in plant disease detection and treatment. The Proposed Al Model Framework section will detail the
structure and function of the Al model, including data collection, image recognition, and treatment optimization
processes. The Challenges and Considerations section will address potential obstacles, such as data scarcity and
model accuracy, while the Conclusion will summarize the key contributions and outline future research directions.
Through this proposed model, the paper aims to demonstrate how Al can be leveraged to address one of the most
pressing issues in dragon fruit cultivation, ultimately promoting more sustainable and profitable farming practices.

2. Problem Statement:

Stem canker, characterized by lesions, cracking, and tissue death, is difficult to diagnose in its early stages, often
leading to delayed treatment and further spread. Current practices rely on visual assessment by agricultural
workers, which can be inaccurate, especially in large-scale farms. Additionally, the chemical treatment methods
employed are often reactive rather than preventive, leading to overuse of fungicides, increased costs, and potential
environmental harm. This calls for an automated and data-driven approach to detect and treat stem canker in
dragon fruit plants.

3. Literature Review:

The integration of artificial intelligence (Al) into agriculture, specifically for disease detection and treatment, is a
burgeoning field. While Al applications in various crops have gained traction in recent years, the body of research
related to dragon fruit (Hylocereus spp.) and stem canker caused by Neocytalidium species remains relatively
sparse. This literature review will examine three key areas: Al in plant disease detection, Al-based treatment
optimization, and the current understanding of Neocytalidium-induced stem canker in dragon fruit plants.

3.1 Al in Plant Disease Detection:

Al has proven to be highly effective in plant disease identification, particularly through the use of image
recognition and machine learning techniques. Several studies have explored the potential of convolutional neural
networks (CNNs) and other deep learning models in classifying plant diseases based on visual symptoms.

e Convolutional Neural Networks (CNNs): CNNs have been widely used in agriculture for identifying
various plant diseases, with successes in crops like tomatoes, grapes, wheat, and apples. For example,
Sladojevic et al. (2016) developed a CNN model capable of detecting multiple diseases in plants using
leaf images with an accuracy rate exceeding 90%. Similarly, Mohanty et al. (2016) demonstrated the
power of deep learning by building a CNN model that achieved high accuracy in diagnosing 26 different
plant diseases across 14 crop species using a public dataset of leaf images. These studies underscore the
promise of Al in agriculture, but they also highlight the need for high-quality datasets to achieve robust
results.

e Transfer Learning and Pre-trained Models: Given the limited availability of large, annotated datasets for
specific diseases like Neocytalidium stem canker in dragon fruit, transfer learning has become an
important tool in agricultural AI. Models such as ResNet, Inception, and VGG, pre-trained on large image
datasets like ImageNet, have been fine-tuned for specific agricultural applications, greatly reducing the
amount of data required. Ferentinos (2018) demonstrated that transfer learning could significantly
improve disease classification performance for crops like potatoes and tomatoes when compared to
models trained from scratch.
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Image Processing Techniques: In addition to deep learning models, studies have also employed image
preprocessing techniques like edge detection, contrast enhancement, and noise reduction to improve
model performance. Barbedo (2018) emphasizes the importance of preprocessing in reducing false
positives and ensuring more reliable disease detection in real-world environments, where lighting
conditions and background noise can significantly affect image quality.

These studies establish a foundation for applying similar techniques to dragon fruit. However, due to the unique
characteristics of stem canker lesions, as well as the limited data on this disease, there is a need for a more focused
approach, specifically tailored to Neocytalidium species.

3.2 Al-Based Treatment Optimization:
While much of the literature on Al in agriculture focuses on disease identification, there is a growing interest in
using Al to recommend optimized treatments based on real-time data analysis.

Precision Agriculture and Al: Precision agriculture, an approach that utilizes Al to optimize farming
practices, is becoming increasingly important for sustainable farming. Sharma et al. (2020) highlight
how Al systems can process environmental data, such as temperature, humidity, and soil moisture,
alongside disease identification to provide personalized treatment solutions. In particular, reinforcement
learning, a type of machine learning where the model improves through trial and error, has been explored
as a method to optimize pesticide and fungicide use. By continuously learning from environmental
feedback and treatment outcomes, Al models can recommend the most effective and environmentally
friendly treatment options, thereby reducing the overuse of chemicals.

Al in Fungicide Application: Several studies have explored the potential for Al to improve fungicide
application strategies, particularly in crops prone to fungal infections. For instance, Pydipati et al. (2012)
developed an Al-based decision support system to help farmers make more informed decisions regarding
pesticide use in citrus crops. The system considered both the severity of disease symptoms and
environmental factors, leading to more precise applications of fungicides. This approach could be
adapted for treating Neocytalidium-induced stem canker in dragon fruit, where minimizing chemical use
is crucial due to the economic and environmental costs.

Challenges in Treatment Optimization: Although the literature suggests that Al can play a crucial role in
treatment optimization, challenges remain. Kamilaris et al. (2018) point out that Al models must be
tailored to the specific crop, disease, and environmental conditions to be effective. Furthermore, there is
often a lack of comprehensive datasets that link disease progression with various treatment strategies,
making it difficult to build models that can predict the outcomes of different treatments accurately.

3.3 Neocytalidium-Induced Stem Canker in Dragon Fruit:

The fungal species Neocytalidium is a relatively recent concern in dragon fruit cultivation. Although stem canker
is widespread in other crops, such as grapes and citrus fruits, its manifestation in dragon fruit presents unique
challenges.

Neocytalidium and its Effects on Dragon Fruit: According to Chuang et al. (2012), Neocytalidium causes
significant damage to the stem and branches of dragon fruit plants, leading to dark lesions, cracking, and
eventual plant death if untreated. The disease spreads rapidly, especially in warm, humid conditions,
which are common in regions where dragon fruit is cultivated. Wichienchot et al. (2018) document the
challenges farmers face in identifying early symptoms, which are often mistaken for other minor plant
injuries or nutrient deficiencies.

Current Detection and Treatment Methods: Traditional methods for detecting stem canker rely on visual
inspection, which is time-consuming and prone to human error, especially in large-scale plantations.
Treatments generally involve the application of fungicides, but there is little standardization in terms of
when and how these are applied. Lim et al. (2020) emphasize the importance of early detection to prevent
the spread of stem canker, but also note the difficulty in diagnosing the disease in its initial stages due to
its similarities with other fungal infections.

Need for Al Integration in Disease Management: The integration of Al into the detection and treatment
of stem canker in dragon fruit has not been extensively studied. Most existing research focuses on larger
crops with more established disease databases. This presents a critical research gap, as Neocytalidium-
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induced stem canker continues to impact dragon fruit yields globally. The application of Al could
revolutionize disease management by providing early-stage diagnosis and tailored treatment
recommendations, filling a crucial need in the field.

4. Proposed AI Model Framework:
The proposed model integrates various Al techniques to provide an end-to-end solution for identifying and treating
stem canker. The system is envisioned to consist of three main components:

4.1 Data Collection and Preprocessing

The success of any artificial intelligence (AI) model, particularly those utilizing machine learning and deep
learning, hinges on the quality and quantity of the data used to train the model. In the case of identifying stem
canker in dragon fruit caused by Neocytalidium species, a diverse and representative dataset is crucial for ensuring
that the model accurately detects and classifies the disease across various environmental conditions and stages of
infection.

4.1.1 Image Data Collection:

To build a robust AI model for stem canker detection, high-quality images of infected and healthy dragon fruit
plants will be collected. The images will serve as the primary input for the model, allowing it to learn to recognize
the visual symptoms of stem canker.

e Drones and Mobile Devices: Unmanned aerial vehicles (UAVs), commonly known as drones, will be
used to capture high-resolution images of dragon fruit plants at various growth stages. Drones offer the
advantage of covering large farm areas in a relatively short period, making them ideal for large-scale
data collection. In addition, handheld mobile devices equipped with high-quality cameras can be used
for close-up imagery, which is particularly important for capturing detailed visual information about
early symptoms like small lesions, discoloration, and surface cracking.

e Diverse Conditions: Images will be collected under various environmental conditions (e.g., different
lighting, weather, and humidity levels) to ensure that the model can perform well in real-world settings
where image quality can be variable. These conditions include capturing images in different times of the
day, from early morning light to dusk, as well as under overcast or sunny skies. This diversity is essential
for improving the generalization capability of the AI model, as agricultural environments are highly
dynamic.

e Different Stages of Infection: Images will be categorized according to the severity of the infection (early,
moderate, and late stages) to help train the model to identify stem canker at various stages. Early-stage
symptoms may include small lesions and minor discoloration, while advanced stages often involve severe
cracking, necrosis, and visible fungal growth. The goal is to enable the model to detect the disease at its
earliest possible stage, where treatment can be most effective.

e Healthy Plant Data: In addition to images of infected plants, images of healthy dragon fruit plants will
be collected to ensure the model can differentiate between diseased and non-diseased plants. This will
help in reducing false positives during the disease identification process.

4.1.2 Environmental and Sensor Data:

In addition to visual data, environmental and soil health parameters will be collected to provide additional context
for the model. These parameters will help the model correlate environmental conditions with the presence and
severity of stem canker, ultimately improving the accuracy of both detection and treatment recommendations.

e Environmental Data: Sensors deployed in the field will collect data on temperature, humidity, rainfall,
and wind speed. Since Neocytalidium species thrive in warm, humid conditions, integrating this
information can improve the model’s ability to predict outbreaks based on weather patterns. The use of
IoT (Internet of Things) devices for continuous environmental monitoring can also help in real-time
disease tracking.

e Soil Health Data: Parameters such as soil moisture, pH levels, nutrient composition, and organic matter
content will also be gathered. Since soil health directly influences plant immune response and overall
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vitality, this data will be crucial for optimizing treatment protocols based on plant condition and
environmental stressors.

Historical Data: If available, historical records of stem canker outbreaks and treatment responses will be
integrated into the dataset. This historical data can help the model identify patterns and trends, such as
how certain environmental conditions lead to increased disease severity or how specific treatment
interventions perform under different circumstances.

4.1.3 Data Preprocessing:
Before the data can be fed into the AI model, several preprocessing steps are required to clean and optimize the
dataset for training and testing.

Image Enhancement: Images collected from the field may be affected by varying lighting conditions,
shadows, and noise. To ensure the model receives clear and consistent input, image enhancement
techniques such as contrast adjustment, noise reduction, and edge sharpening will be applied. These
techniques will help emphasize the visual features of stem canker (e.g., lesions and cracks) and reduce
irrelevant background information.

Segmentation and Cropping: Large-scale images captured by drones may contain multiple plants or
irrelevant background data. Segmentation techniques will be used to isolate the dragon fruit plant from
the background, while cropping will focus on specific areas of interest (e.g., the stems and branches
where the disease is most likely to manifest). This will help the model focus on the relevant parts of the
plant, improving both training efficiency and accuracy.

Data Augmentation: To further enhance the training dataset, data augmentation techniques such as
flipping, rotating, zooming, and color shifts will be applied. This process artificially increases the size of
the dataset and helps the model become more resilient to variations in image orientation, scale, and color,
which are common in real-world agricultural settings.

Labeling and Annotation: Finally, all images will be labeled and annotated with relevant metadata. This
includes tagging each image with disease severity (healthy, early-stage, moderate, advanced) and
associating it with corresponding environmental and soil health data. Manual annotation by agricultural
experts will ensure that the training labels are accurate, providing a solid foundation for the model’s
learning process.

4.2 Disease Identification

Once the data has been collected and preprocessed, the next step is to develop a machine learning model capable
of identifying stem canker in dragon fruit plants. The proposed Al system will use image recognition techniques,
specifically leveraging convolutional neural networks (CNNs), to detect the presence and severity of the disease
based on the visual symptoms observed in the plant images.

4.2.1 Convolutional Neural Networks (CNNs) for Image Recognition:

Convolutional Neural Networks (CNNs) are a specialized type of deep learning architecture designed for
processing grid-like data, such as images. CNNs have proven highly effective in visual recognition tasks,
including plant disease detection, due to their ability to automatically learn hierarchical features from raw image

data.

Layered Structure of CNNs: The CNN model consists of multiple layers, each responsible for learning
different levels of image features. The initial layers of the CNN will identify basic features such as edges,
shapes, and textures, which are critical for recognizing stem lesions and cracks associated with canker.
Subsequent layers will learn more complex patterns, such as the specific shapes and distributions of
lesions, discoloration, and tissue death, allowing the model to classify the disease stage accurately.
Training and Validation: During the training phase, the CNN will be fed with labeled images (both
healthy and infected plants). The model will learn to associate specific visual patterns with the
corresponding disease labels. A portion of the dataset will be set aside for validation to prevent overfitting
and ensure the model generalizes well to new, unseen data. Hyperparameters such as learning rate, batch
size, and the number of layers will be optimized to achieve the best performance.
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e  Transfer Learning: Given the limited availability of large, annotated datasets for dragon fruit stem canker,
transfer learning will be utilized to improve the model’s performance. Pre-trained CNN models such as
ResNet, VGG, or Inception, which have been trained on large datasets like ImageNet, will be fine-tuned
for the task of stem canker identification. Transfer learning enables the model to leverage the knowledge
it has already learned from general image classification tasks, reducing the amount of data and training
time needed to achieve high accuracy in detecting stem canker.

4.2.2 Multiclass Classification for Disease Severity:

In addition to detecting whether a plant is infected, the Al model will perform multiclass classification to
determine the severity of the infection. The severity of stem canker can be broadly classified into three stages:
early, moderate, and late-stage infection.

e Early-Stage Detection: At this stage, symptoms may include small, faint lesions and slight discoloration
of the plant tissue. The model will need to be particularly sensitive to subtle changes in the plant's
appearance to detect the disease early when it is most treatable. The inclusion of environmental and
sensor data in the model will help differentiate early-stage infection from other potential causes of plant
stress, such as nutrient deficiencies.

e Moderate Stage: At this stage, symptoms become more pronounced, including larger lesions, deeper
cracking, and tissue death. The model’s role will be to accurately classify the infection at this stage and
prompt appropriate treatment recommendations to prevent further disease progression.

e Late Stage: Advanced stem canker involves severe cracking, necrosis, and significant plant damage, with
the disease potentially spreading to other plants. The AI model will classify this stage to prioritize more
aggressive treatment or removal of the infected plant to prevent the disease from spreading to healthy
Crops.

4.2.3 Accuracy and Performance Metrics:
To evaluate the performance of the disease identification model, several key metrics will be used, including:

e Accuracy: The percentage of correctly classified images (both infected and healthy) out of the total
dataset.

e Precision and Recall: Precision will measure the proportion of positive identifications (e.g., stem canker
detection) that were correct, while recall will measure the proportion of actual stem canker cases that
were correctly identified by the model.

e F1 Score: A harmonic mean of precision and recall, providing a balanced evaluation metric when dealing
with imbalanced datasets (i.e., more healthy plant images than infected ones).

e Confusion Matrix: This will provide a detailed breakdown of correct and incorrect classifications across
the different classes (healthy, early-stage, moderate, and late-stage infection), helping identify areas
where the model may need further refinement.

4.2.4 Model Deployment:

Once trained and validated, the model can be deployed in real-time scenarios where farmers or agricultural
workers can use drones or mobile applications to monitor dragon fruit plants for stem canker. The Al system will
provide immediate feedback, alerting the user to the presence and severity of stem canker, along with treatment
recommendations based on the classification results and environmental data.

By integrating Al-driven disease identification into dragon fruit farming, this approach has the potential to
significantly improve the accuracy and timeliness of disease detection, ultimately leading to more effective and
sustainable plant management practices.

4.3 Treatment Optimization:
e  Once the disease is detected, a recommendation system powered by reinforcement learning will propose
optimized treatment options.
e The model will analyze historical data, soil health parameters, and environmental conditions to suggest
tailored fungicide application or organic treatment protocols, aiming to minimize chemical use and
maximize effectiveness.
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This component can also simulate the progression of untreated cankers, assisting farmers in decision-
making.

5. Expected Outcomes:

Enhanced early detection of stem canker, reducing crop loss.

A reduction in the use of fungicides due to more precise treatment recommendations, contributing to
sustainable farming practices.

Increased farm efficiency through automation and real-time disease management.

An adaptable framework that could be extended to other crops and diseases in future research.

6. Challenges and Considerations:

Data Scarcity: The lack of annotated datasets for Neocytalidium-induced stem canker in dragon fruit
poses a challenge. Collaborations with agricultural institutions and farms will be crucial for data
collection.

Model Accuracy: Achieving a high level of accuracy in distinguishing between early-stage stem canker
and other plant conditions will require extensive model training and validation.

Adoption Barriers: Farmers' acceptance of Al technology and their ability to integrate such systems into
existing workflows may require targeted training and support.

7. Conclusion:

This paper proposes an Al-based model to detect and treat stem canker in dragon fruit plants caused by
Neocytalidium species. By combining machine learning with image recognition and real-time environmental
analysis, this approach promises to improve disease management, reduce chemical use, and increase sustainability
in dragon fruit farming. Future work will focus on collecting data, refining the model, and conducting field trials

to validate the efficacy of the proposed system.

8. Future Work:

Expanding the dataset to include other tropical crops and their associated diseases.

Investigating the use of IoT sensors for continuous real-time monitoring of plant health and
environmental conditions.

Collaboration with agricultural tech companies for the development and deployment of the AT model.
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