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Abstract: Banana cultivation is of significant economic and nutritional importance worldwide. However, the growth and health of banana
plants are heavily reliant on the mineral composition in which they are cultivated. This study presents a comprehensive framework for
diagnosing and mitigating of banana plants diseases through an analysis of soil mineral deficiencies. The primary objective regarding to
the research is to establish a framework for effective disease management in banana plants by considering the role of soil mineral
deficiencies. Specifically, our goal is to: Investigate and understand the relationship between soil mineral deficiencies and the phenomenon
of diseases in banana plants. Identify common banana plant diseases associated with specific mineral deficiencies. Develop predictive
models and algorithms that make work of machine learning techniques to forecast disease risks based on soil mineral content. Suggest
practical recommendations for mitigating disease risks through soil management and targeted fertilization strategies. The background for
this proposal stems from a growing concern in the agricultural community about the devastating impact of diseases on banana plantations.
Historically, disease management in banana plants has been approached mostly through pest control and environmental interventions.
However, as evidence linking mineral deficiencies in the soil to disease occurrence became apparent, it highlighted the need for a more
holistic and proactive approach to disease management.
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minerals are vital for plant growth, development, and
immune system function. However, the relationship
between soil mineral deficits and banana plant diseases
has not been thoroughly investigated, leaving a significant
knowledge vacuum in this field.This research seeks to
address this critical gap in our understanding of banana
plant diseases by developing a framework that correlates
soil mineral deficiencies with disease incidence. Our
primary objectives are as follows:

1. Introduction:

Banana (Musa spp.) is among the world's most widely
cultivated and economically significant fruit crops,
providing vital sustenance and income for millions of
people. The global banana industry is valued in the
billions of dollars, and bananas are a dietary staple for
millions of individuals in developing countries. However,
the success of banana cultivation is fundamentally tied to
the quality and composition of the soil in which these

plants grow. Soil fertility, particularly the accessibility of
essential minerals, plays an important function in the
growth, health, and vulnerabilityof banana plants to
diseases.Banana plants are vulnerable to several diseases,
including fungal, bacterial, and viral infections, which can
severely impact crop yields. Conventional disease
management strategies often involve the application of
pesticides, fungicides, and other chemical treatments,
which not only pose environmental concerns but also
contribute to the advancement of pesticide-resistant
pathogens. Therefore, there is a growing need for
sustainable and environmentally friendly methods to
manage diseases in banana plantations.Many of these
disorders have their origins in the soil, namely in deficits
of key minerals such as potassium, magnesium, and
calcium. These minerals are essential for plant growth and
development, as well as immune system function. These
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To analyse the soil mineral composition in banana
plantations: We will conduct a detailed assessment of soil
samples from various banana plantations to identify
mineral deficiencies that may contribute to disease
vulnerability.

The impact of mineral deficits on banana plant health: We
hope to establish a clear cause-and-effect relationship
between soil mineral deficits and the general health and
susceptibility of banana plants to illnesses through field
observations and laboratory research.

To propose targeted fertilization strategies: Based on our
findings, we will propose precise and sustainable
fertilization practices to address mineral deficiencies in
the soil & mitigate disease incidence.

Banana cultivation faces numerous challenges, Abiotic
and biotic stresses can both considerably reduce
production. Plant diseases are especially problematic
because they not only diminish output but also entail the
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use of pesticides that might have negative environmental
and health consequences. As worldwide demand for
bananas grows, the necessity for long-term disease
management  techniques  becomes  increasingly
critical.Soil, being the very foundation of banana
cultivation, exerts a profound influence on plant health.
This influence is primarily through the availability of
essential minerals, which are crucial for the proper
functioning of numerous biochemical processes in the
plant. ~ While numerous research has  been
conductednutritional requirements of banana plants, the
direct link between soil mineral deficiencies and
prevalence of diseases remains an underexplored
avenue.In recent years, research in plant pathology has
highlighted the significance of understanding the intricate
relationship between plant nutrition and disease
resistance. It is widely acknowledged that healthy plants
are final equipped to withstand pathogenic attacks, and
this includes a strong defines mechanism provided by an
adequate supply of essential minerals. Despite this, a
comprehensive framework that combines soil mineral
analysis with disease management in banana plantations
is conspicuously lacking.Our research stands at the
intersection of several disciplines, including agronomy,
soil science, and plant pathology. By examining the
nutritional status of soils in banana plantations,
identifying mineral deficiencies, and relating these
deficiencies to disease incidence, we aim to offer a holistic
approach to disease management. thus, framework's
originality lies in its capability to address the root cause of
diseases, thus minimizing the reliance on chemical
interventions.Furthermore, the proposed research aligns
with the current global emphasis on sustainable
agriculture and environmentally friendly farming
practices. This multidisciplinary approach not only
emphasizes the importance of soil health, but it also adds
to the evolving state of the art in sustainable and eco-
friendly agriculture, providing a possible answer to the
issues confronting the banana production business.

2. Design/Methods/Modelling:

We present the methods for determining the health of
banana plants based on soil mineral composition in this
section. The approach encompasses soil type
classification, mineral range definitions, and the process
for determining plant health based on the mineral values.

a. Soil Type Classification:We start by categorizing the
soil into distinct types based on its characteristics. In our
study, we consider the following soil types: Alluvial soil,
Black volcanic soils, Clay soil, Black Loam soil, Coastal
sandy loams, and Lateritic soil. Each soil type is
associated with specific ranges of mineral values and
other soil parameters.

b. Define Mineral Ranges:We provide the allowed ranges
of numerous minerals and soil factors for each soil type,
which are crucial for healthy banana plant growth. These
ranges are bent on existing literature and local agricultural
practices. The defined mineral ranges include nitrogen
(N), phosphorus (P), potassium (K), magnesium (Mg),
calcium (Ca), sulphur (S), boron (B), iron (Fe), zinc (Zn),
pH, and humidity. These values are given in units of parts
per million (ppm) or kilograms per hectare (kg/ha), except
for pH and humidity.

c¢. Input Soil Data:To assess the health of banana plants,
we gather soil data from the specific plantation site. The
user inputs the type of soil and measured values for each
mineral and soil parameter. The input data includes N, P,
K, Mg, Ca, S, B, Fe, Zn, pH, and humidity.

d. Check Soil Health:We employ a Python script to check
whether the input mineral values fall within the predefined
ranges for the selected soil type. If any of the values fall
outside the specified ranges, it indicates a deficiency in
that mineral. The script iterates through all the relevant
minerals and provides feedback on which mineral(s) are
deficient. If all values fall within the defined ranges, the
script concludes that the banana plant is healthy based on
the specific soil type.

5. Interpretation:The interpretation is straightforward. If
the script identifies any mineral deficiencies for a
particular soil type, it suggests that the banana plant is
susceptible to those deficiencies, which can potentially
lead to diseases. On the other hand, if all mineral values
are within the recommended ranges for the soil type, the
script declares the banana plant as healthy and resilient.

This methodology allows for a systematic and data-driven
approach to assess banana plant health based on soil
mineral composition. It aids farmers and researchers in
identifying potential issues early and implementing
targeted fertilization strategies to improve soil health and,
consequently, the health of banana plants.
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Fig 1. Diseases of banana plants.

e In the other section, we present a method to visualize
and analyse the mineral ranges in different soil types.
We use Python with the panda’s library for data
manipulation and matplotlib for data visualization.
The goal is to provide a visual representation of how
soil mineral values vary across different soil types.

a. Data Retrieval:We start by reading soil data from a
CSV file named 'soil_data.csv' that contains information
on different soil types and their corresponding mineral
ranges. The file structure should include columns for
'SOIL TYPE' and mineral values, such as 'N,' 'P,' 'K,' 'Mg,'
'Ca,''S,''B,' 'Fe,' and 'Zn.'

b. Data Preparation:We define the minerals of interest,
which include 'N,' 'P,' 'K,' 'Mg,' 'Ca,''S,' 'B,' 'Fe,' and 'Zn.'
These represent the minerals necessary for plant growth
and health.

We extract the 'SOIL TYPE' column to represent the
various soil types and the mineral range data for the
specified minerals.

¢. Data Visualization:We create a horizontal bar chart to
visually represent the mineral ranges in different soil
types. Each soil type is represented on the y-axis, while
the x-axis displays the range of mineral values. The chart
provides a side-by-side comparison of mineral ranges for
each soil type, allowing for easy identification of
variations. We use a for loop to iterate through the
minerals and plot the mineral ranges for each soil type.

d. Labels and Legend:We set appropriate labels for the x-
axis, y-axis, and the title of the plot to provide context and
clarity. We add a legend to the plot, indicating which
mineral corresponds to each colour on the chart.

e. Displaying the Plot: The final step is to display the plot.
The 'plt.show()' function renders the visualization.

This method allows for a comprehensive visual
assessment of how different soil types vary in terms of

essential mineral ranges. It aids in understanding the
mineral composition of different soils, which is vital for
effective soil management and crop cultivation.

3.  Results and Discussion:

Our findings emphasize the important relationship
between soil mineral composition and banana plant health
across diverse soil types. Nitrogen (N), phosphorus (P),
potassium (K), magnesium (Mg), calcium (Ca), sulfur (S),
boron (B), iron (Fe), zinc (Zn), pH, and humidity were all
measured using predetermined mineral ranges for each
soil type. The following are the important findings:

Soil Type Dependency:

Our findings indicated that soil type has a substantial
impact on banana plant mineral requirements.

The permitted mineral ranges differed among soil types,
emphasizing the significance of soil-specific management
approaches.

Nitrogen (N): Nitrogen (N): Nitrogen levels in all soil
types were within acceptable norms, showing that
nitrogen insufficiency was not a frequent issue in the
examined plantations. This bodes well for general plant
health because nitrogen is required for vegetative growth
and fruit development.

Potassium (K): Potassium levels, however, exhibited
variations. Deficiencies in potassium were found in Black
volcanic soils, Clay soil, and Lateritic soil. Ensuring
adequate potassium supply in these soil types is crucial to
enhance disease resistance and plant Vigor.

Calcium (Ca): Calcium levels were notably deficient in
Lateritic soil. Calcium is vital for cell wall formation and
overall plant structure. The deficiency observed in
Lateritic soil may lead to issues such as tip burn in banana
plants.
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Magnesium (Mg): Magnesium deficiencies were most chlorophyll production and compromised energy transfer
pronounced in Black Loam soil. Magnesium is vital for in plants.
photosynthesis, and its deficiency can lead to reduced
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Fig.2. Banana Plant Health Assessment Flowchart

pH and Humidity: The pH and humidity levels of all soil cautionary note for banana growers in regions with similar
types were usually within acceptable norms. This is soil profiles. Monitoring and addressing magnesium
critical for nutrient availability and root health, as well as levels can help prevent growth issues and improve plant
general plant health. resistance to diseases.

Discussion: Our findings have important implications for pH and Humidity as Stabilizing Factors: The generally
banana cultivation and disease management. To enhance appropriate pH and humidity levels across soil types
banana plant health, the findings emphasize the imply that these elements contribute to stable conditions
significance of adjusting fertilizer and soil amendment for plant growth. However, it is crucial to maintain these
tactics to various soil types. The following details give parameters to support nutrient availability and root health.

light on the significance of the findings: Finally, this article sheds light on the link between soil

Management of Specific Soils: The mineral requirements mineral composition and banana plant health.It
of different soil types highlight the importance of underscores the significance of adopting soil-specific
precision in fertilization practices. Farmers can benefit management practices to enhance disease resistance and
from targeted fertilization to rectify specific mineral overall crop productivity. Tailored fertilization strategies
deficiencies in their soil, thereby reducing the based on soil type can promote healthy and resilient
susceptibility of banana plants to diseases. banana plants, ultimately benefiting both farmers and the

Importance of Monitoring Magnesium  Levels: global banana indusry.

Magnesium deficiency in Black Loam soil serves as a

Enter the type of soil: Alluvial soil Enter the type of soil: Alluvial soil

. Enter N value (ppm or kg/ha): 150
Enter N value (ppm o kg/ha)‘ 200 Enter P value (ppm or kg/ha): 40
Enter P value (ppm or kg/ha): 20 Enter K value (ppm or kg/ha): 250
Enter K value (ppm or kg/ha): 250 E:t:: ’C‘E V:iuz E;:‘; ok tg;::; ix
valu H
Enter Mg value (ppm or kg/ha): 150 Enter S value (ppm or kg/ha): 270

Enter Ca value (ppm or kg/ha): 200  Enter 8 value (ppm or kg/ha): 0.4

, Enter Fe value (ppm or kg/ha): 50
Enter S value (ppm or kg/ha): 15 Enter zn value (ppm or kg/ha): 1.5
Enter B value (ppm or kg/ha): 0.6 Enter pH value: 6.0
Enter Fe value (ppm or kg/ha): 50 Enter Humidity value: 70

The banana plant is susceptible to the following deficiencies:

Enter Zn value (ppm or kg/ha): 1.5 N: Chlorosis (yellowing of leaves and reduced growth)

Enter pH value: 6.0 P: Poor root development and delayed fruiting
Enter Humidity value: 50 Ca: Blossom end rot in banana fruits
A 1 S: Reduced fruit size and delayed ripening
Banana plant is hea th)" B: Fruit cracking and distorted growth
Fig.3. (a) (b)

(a)Sample 1: Alluvial Soil - Healthy Banana Plant (b) Sample 2: Alluvial Soil — Disease prediction due to deficiencies of
minerals
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pPH Range in Different Soil Types
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Fig 4. Bar chart for pH ranges

Diseases Associated with Soil Types

Alluvial soil

Black volcanic soil

Clay soil

Types of Soils

Black loam soil

Coastal sandy loams

Lateritic soil

Panama disease, Black sigatoka, Fusarium ®élhama disease, Fusarium fillarium wilt, Black Sigatoka, Panama diseBgearium wilt, Panama disease

Disease Name

Fig 4. Diseases associated with soil types.

Distribution of Diseases

Fusarium wilt, Black Sigatoka, Panama disease

Panama disease, Fusarium wilt

Panama disease, Black sigatoka, Fusarium wilt

Fusarium wilt, Panama disease

Fig 5. The distribution of diseases

4. Conclusion:

In this study, we set out to explore the relationship
between soil mineral composition and the health of
banana plants, with the goal of providing a framework for
targeted disease management. The findings of this
research shed light on the significance of soil-specific

mineral requirements for banana cultivation and offer
valuable insights into sustainable agriculture practices.

The main conclusions of this study are as follows:

Soil Type-Specific Management: Our results highlight the
soil type dependency of mineral requirements for banana
plants. Each soil type exhibits unique mineral ranges,
emphasizing the need for soil-specific management
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practices. This tailored approach can significantly
enhance plant health and disease resistance.

Potassium and Calcium Importance: The prevalence of
potassium and calcium deficiencies in certain soil types
underscores their pivotal roles in banana plant health.
Ensuring adequate potassium and calcium levels is
essential for reducing disease susceptibility and
improving overall plant vigor.

Magnesium Monitoring: The detection of magnesium
deficiencies in Black Loam soil serves as an alert in areas
with similar soil profiles. Keeping a close watch on
magnesium levels can prevent growth issues and bolster
disease resistance.

pH and Humidity Stability: The consistent pH and
humidity levels across soil types indicate the stabilizing
factors that promote nutrient availability and root health.
Maintaining these parameters is crucial for plant well-
being.

In summary, this study offers a framework for assessing
banana plant health based on soil mineral composition,
providing a practical and data-driven approach for disease
management. The findings underscore the importance of
precision in fertilization practices, soil-specific strategies,
and the continuous monitoring of essential minerals to
ensure healthy and resilient banana plants. Byembracing
these insights, farmers and agricultural stakeholders can
not only boost crop productivity but also contribute to
sustainable and environmentally friendly banana
cultivation practices.
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