J. Electrical Systems 20-6s (2024): 2847-2856

1Sola Mohana Durga Advancements in Crop Disease

Venkata Sri Detection: Analytical Methods for

2Chakka Ranga Recognizing Disease Stages through Journa of

Nikitha Kumari . Electrical
Leaf Analysis i eikoe

3Mannava Keerthana
4Gangarapu Srija

*Nafees Akhter
Farooqui

Abstract: - Plant diseases have the potential to damage the livelihoods of farmers and impede their capacity to generate an adequate quantity
of food. Diagnosis and early detection of plant diseases are critical for their effective management and control. Leaf analysis shows great
potential as a method for forecasting disease stages due to its ability to detect subtle alterations in leaf physiology and appearance that may
occur prior to the onset of conspicuous symptoms. By utilizing the algorithms of machine learning and deep learning, it is possible to
classify characteristics extracted from photographs of leaves into distinct disease stages. Recent studies have demonstrated the potential of
these algorithms, as they have achieved remarkable accuracy in disease stage prediction despite having limited training data. The integration
of machine learning and deep learning techniques with foliage analysis holds promise for revolutionizing plant disease management through
the provision of timely identification, accurate diagnosis, and customized treatment. In order to formulate efficacious disease management
strategies, precise determination of the developmental stage of plant diseases is imperative. Scholars are presently devising novel
approaches to identify the stages of plant diseases by employing diverse methodologies, including spectroscopy, machine learning, and
image processing. This can benefit producers in substantial economic and environmental ways, as well as contribute to the improvement
of food security. The primary investigation comprises an assortment of articles spanning the years 2014 to 2023. After evaluating various
search strategies, a total of 117 research publications were identified, of which 43 were pertinent. The article examines numerous
developments in deep learning research. In addition, it will facilitate the assessment of the present and prospective state of plant disease
research by employing deep learning methodologies.

Keywords: Chlorophyll Pigmentation, Deep Learning, Disease Stage Classification, Early Detection, Feature Extraction,
Leaf Analysis.

I. INTRODUCTION

Plant diseases can result in crop losses leading to decreased food production and financial challenges for farmers.
It is crucial to detect and diagnose plant diseases for management. However traditional methods like inspection by
trained experts can be time consuming. Require significant labour. Growing interest has been seen in creating
automated systems that use machine learning and image processing to identify plant diseases over time. These
advanced systems have the potential to revolutionize disease management by providing farmers with an accurate
means of detection and diagnosis. One of the challenges in automated plant disease detection is accurately
determining the stage of disease development as it greatly influences symptom severity and treatment effectiveness.
Detecting diseases at a stage allows for treatment with minimal crop losses. This review paper's objective is to
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present the state of-the-art techniques for identifying the stage of plant diseases using leaf photographs. This area
of research is vital as timely disease detection at a stage is essential for effective management.

Reliable and precise detection systems for plant disease stages have the potential to bring about a revolution in plant
disease management. These systems can assist farmers in identifying diseases at a stage when they are easier to
treat and less likely to result in crop damage. This could potentially result in a decrease in the reliance on pesticides
and other chemicals ultimately mitigating their effects on the environment and economy. Moreover, the
implementation of plant disease stage detection systems can greatly enhance crop quality and yield. By offering
farmers a precise means of identifying and diagnosing plant diseases such systems play a role in enhancing food
security and minimizing economic losses within the agricultural industry [32].

The aim is to examine the body of literature and identify the obstacles and possibilities to stimulate fresh research
in this field and expedite the advancement of more efficient systems for detecting plant disease stages. This review
paper's goal is to provide an examination of innovative techniques used to identify early stages of plant disease
using leaf photos. We delve into techniques involving image processing and machine learning that have been
utilized for this purpose while also assessing their performance, across datasets.

Il. REVIEW METHODOLOGY

A plant's leaves are one of its three organs. A leaf's main job is to provide nutrition for the plant. The leaf is the
main organ, though not the only one, that uses sunlight to produce nourishment. Leaves differ in size, shape, and
texture according to what works best for them in their natural habitat. Sunlight, which is absorbed by the green
pigment found in most leaves, is one of the essential elements in the food production process. Leaf markings are
among the most common indicators of any disease, whether caused by bacteria, viruses, or fungi. These diseases
can also be identified by sudden wilting, ragged or curling leaves, deformed fruit, or flowers, typically discolored
or mottled foliage, and poor growth. Fig.1 and 2 basically show the reviewed research paper and progress of
research respectively.

Among the common plant diseases are those caused by fungi, bacteria, and viruses. Powdery mildew, rust, black
spot, and botrytis blight are examples of fungal infections. Blight, Leaf Spot Wilt, Soft Rot, Bacterial Canker, and
Black Rot are examples of bacterial infections. Leaves are the primary entry point for most plant diseases. The
leaves are the most important element of a plant since they are responsible for the process of photosynthesis, the
process by which the plant gets energy from the sun. We can tell if the plant is infected by looking at its leaves.
There are different types of leaf diseases that is described as:

BIOTIC ABIOTIC
Living organisms Non-living organisms
Fungi, bacteria, viruses, nematodes, and | Non-living elements such environmental stresses,

parasites are among the living things that can
cause biotic leaf diseases.

dietary excesses or deficiencies, physical harm,
and chemical injuries are the root cause of abiotic
leaf diseases.

Several media, such as water, air, soil, plant
waste, insects, and other vectors, can facilitate
the spread of these diseases.

Rather than being produced by pathogenic
organisms, the symptoms of abiotic leaf diseases
frequently present as physiological problems or
damage from environmental factors.

Biological control, which uses beneficial
organisms to  suppress  disease-causing
organisms, chemical control, which uses
fungicides, bactericides, or pesticides, and

cultural practices.

Abiotic leaf diseases do not transfer from one plant
to another and are not communicable. Usually,
they are restricted to plants or parts of a plant.

Examples: powdery mildew, Spot infections on
rust leaves, Leaf blight caused by bacteria Viral
infections.

Examples: Heat exhaustion or sunburn, Damage
from frost or freezing, Deficits or toxicities in
some nutrients.
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The research approach that is being described is based on a review of the literature that is specific to diverse studies.
The main objective of the paper's writing is to give a fair approach to a research-based problem using exact, astute,
and tried-and true methodology. Considered the journals and research papers that help to achieve the goal among
the available approaches in the numerous papers reviewed. Numerous prior studies that are relevant to the research
issue are located at various levels. The research questions are described, the review standard is specified, and the
requirement for writing the review is determined during the review process. The preliminary studies are now chosen,
the studies needed to evaluate the features are identified, the data abstraction and assessment are carried out, after
which the data is analysed. Before the review step is discussed, the publication channels are described, and the
review report is given.

A. Inclusion-Exclusion Criteria

We gather research papers from libraries using different keywords associated with image processing, machine
learning and identifying stages of plant diseases. During the review process we consider research papers and articles
that explain techniques, employing techniques like image processing, machine learning algorithms, and deep
learning models to find disease stages in leaves. However, we exclude research papers that primarily focus on
evaluating predetermined software metrics from our review. We prioritized papers with accessible datasets and
clear presentation. We investigated picture preprocessing approaches, feature extraction techniques, machine
learning algorithms for classification, and performance evaluation measures while conducting a thorough
examination of a few chosen studies.

several terms related to deep learning, soft computing, texture analysis, and leaf analysis. Pigmentation was utilised
to look for pertinent articles from several online resource centres. Research papers and articles that detail the
examination of leaf texture, shape, colour, and pigmentation are part of the analysis process. The evaluation of
algorithms and approaches was the main emphasis of research publications that were not written in English. 42 of
the over 117 research publications and articles that were gathered are used in the current paper. The classification
of the included research publications is shown in Table 1.

Table 1. Research Progress in Years

Year Total Number of Papers % Proprtion
2015 1 2.38
2016 1 2.38
2017 3 7.14
2018 2 4.76
2019 5 11.9
2020 5 11.9
2021 8 19.05
2022 7 16.67
2023 10 23.81
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Figure 1. Techniques Used in Reviewed Research Papers
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Figure 2. Research Progress in Years
B. CNN Selection and Model Optimization

The choice of a Convolutional Neural Network (CNN) for plant disease image classification is apt due to its inherent
ability to recognize complex spatial patterns [33]. The dataset, containing plant disease images, aligns well with
CNN's proficiency in systematically learning and generalizing intricate features associated with diverse diseases.
Through careful dataset splitting, preprocessing, and model training, the CNN efficiently captures and classifies
plant diseases. Fig. 3 shows the leaf image and disease percentage by using the trained model. The model's
architecture, consisting of convolutional and dense layers, is tailored for optimal performance. Training history
visualization and predictions on test images succinctly demonstrate the model's efficacy in accurately identifying
plant diseases. This streamlined approach ensures the CNN's effectiveness in addressing the dataset's challenges,
providing a robust solution for plant disease classification.
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First image to predict
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Disease Percentage: 98.883056640625 %
Figure 3. Trained model using area and shape of the leaf.
C. Freshness Factor Computation through Color Analysis

The freshness factor determination involves converting the image to RGB to extract pixel-wise RGB values,
offering a comprehensive color representation. Subsequent transformation to the HSV color space isolates the Hue
values, representing the specific shade of green. Average RGB values contribute to assessing overall greenness and
darkness, while the average hue captures nuanced green shades shown in fig.4. The fusion of these RGB and Hue
factors results in the freshness factor, offering a nuanced measure of leaf freshness based on its color characteristics.

Image Category: Potato___Late_blight

100 -

150 -

200 1

Freshness: fresh, Disease Percentage: 32.17%

250 1
(o] 50 100 150 200 250
Hue: 0.1957, Shade: dark green

Figure 4. Trained model using hue average of the leaf.
D. Research Questions
Based on the results of the literature analysis, two research related questions were developed.
RQ1.Can we do the disease stage using a certain part of plant.

RQ2.What are the possible factors for predicting the disease.
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I1l. DATASET ANALYSIS

There are 3 types of datasets used to study the relationship between leaf color change and severity of plant diseases
— Correlational dataset, Casual dataset, Image Dataset

Co-relational Dataset - contains data on two variables for a variety of plant species and diseases which is then used
to investigate the relationship between those 2 variables (E.g., leaf color changes and disease severity). Negative:
Lighter colored leaves have more severe disease. Positive: Darker colored leaves have more severe disease.

Casual Dataset - contain data on leaf color, disease severity, and other variables that could influence leaf color
change, such as nutrient levels, environmental conditions, and the presence of other diseases which is then used to
investigate the causal mechanisms underlying the relationship between leaf color change and plant diseases.

Image Dataset - contain images of leaves with different degrees of leaf color change and different types of diseases
which could then be used in image analysis software to extract features from the images, such as leaf color and leaf
texture and then we can use these features to develop machine learning models that can classify leaves as healthy
or diseased based on their leaf color change. Fig. 5 indicates that Image datasets are the most widely used datasets.

NO.OF OCCURANCES

M Co-relational Dataset M Image Dataset

M Casual Dataset Review Paper

Figure 5. Types of Datasets
IV. LITERATURE REVIEW

Deep learning and machine learning are transforming the diagnosis and treatment of plant diseases [34]. By
extracting features from leaf images and other data, these machine learning models can be trained to predict disease
stage and provide tools to help farmers and producers. Although there are difficulties with plant form analysis,
diagnostic methods such as leaf colour change, and leaf wetness duration can be helpful. The severity of the disease
is also influenced by temperature, humidity, drought stress, and nitrogen fertilisation. Researchers are developing
novel methods for classifying, managing, and diagnosing plant diseases using machine learning, deep learning, and
integrated pest management. Different classification techniques are shown in fig.6 that have used by the different
authors. Two crucial markers of plant health and stress are the amount of chlorophyll and the fragility of the leaves
[35]. Table 2 represents the different proposed methodologies.

Table 2. Represents Purposes with their Methodologies.

Methodology Purposes Paper
Reference
Plant disease classification [1]
Deep Learning Plant disease segmentation subtype identification, [2]
and survival probability estimation
Plant disease detection and classification [3]
Crop disease and nutrient deficiency detection [4]

2852



J. Electrical Systems 20-6s (2024): 2847-2856

Potato late blight disease detection [5]
Plant disease temporal tracking [6]
Machine Learning Plant disease detection [7]
Shape Analysis Plant fungal disease detection [8]
Plant viral disease detection [9]
Plant insect damage assessment [10]
Plant disease detection and classification [11]
Plant disease progression monitoring [12]
Leaf color Analysis Relationship between leaf color and disease [13]
severity in wheat
Leaf color change as a diagnosis tool for plant [14]
diseases
Relationship between leaf color and disease [15]
severity in maize
Effect of leaf color on disease severity and yield of [16]
rice
Impact of leaf spot disease on the fruit quality of [17]
apple trees
Direct quantitative evaluation of disease symptoms [18]
on living leaves
Leaf wetness Analysis Relationship between leaf wetness duration and [19]
severity of early blight disease
Environmental Analysis | Effect of temperature and humidity on the [20]
development of powdery mildew
Influence of environmental factors on severity of [21]
rust disease
Field experiment and Effect of environmental factors on plant diseases [22]
laboratory Analysis
Computer vison and Plant leaf disease detection and classification [23]
Machine learning
Leaf frailty Analysis Chlorophyll pigment content and leaf frailty as [24]
indicators of salt stress
Effect of chlorophyll pigment on leaf frailty in [25]
soyabean
Chlorophyll fluorescence content and leaf frailty [26]
measurements as indicators of drought stress
Review Machine learning and deep learning for disease [27]
detection in plant leaves
Soft computing Image segmentation and soft computing [28]
approaches for plant leaf disease detection
Chlorophyll pigment Chlorophyll pigment and leaf macronutrients and [29]
variation of four willow species in elevated CO2,
under soil moisture stress and fertilization
treatments
Texture feature analysis | Hybrid system for detection and classification of [30]
plant disease using qualitative texture features
analysis
An overview of the research on texture-based plant [31]

leaf classification
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Figure 6. Classification of Techniques
V. RESULT AND ANALYSIS

This paper's major goal is to examine the difficulties associated with predicting disease stages through leaf analysis
and how these difficulties might be overcome using soft computing techniques. This section offers the research
question's overall evaluated solution.

RQ1. Can we do the disease stage using a certain part of plant.

Yes, it is feasible to determine the disease stage by focusing on a specific section of the plant. This method is rather
prevalent in the field of plant pathology. The disease type and stage would determine which plant section to check.
For example, while examining leaf rust disease in wheat, pathologists generally examine the leaves for rust pustules.
These pustules are elevated formations that carry disease-causing spores. By evaluating the size, number, and
distribution of these pustules, one can accurately estimate the stage of the disease in question. This technique
contributes to the development of plant disease management strategies.

RQ2.What are the possible factors for predicting the disease

Leaf analysis helps growers and farmers take precautions to protect their crops by forecasting the stage of illnesses.
For example, producers can protect a plant against infection by applying fungicide if a model suggests that the plant
is prone to infection. In a similar vein, eliminating a plant that the model indicates is susceptible to illness can stop
it from spreading to other plants. Additionally, leaf analysis aids in the identification of weak plants, which improves
crop production. Growers can promote plant growth and boost fruit and vegetable production by taking care of
these problems. In conclusion, leaf analysis becomes useful for predicting disease stages, identifying plants, and
formulating early intervention plans to support plant health and maximising agricultural yield.

VI. CONCLUSION

Plant diseases can be detected, segmented, classified, tracked over time, and their extent assessed with the help of
machine learning and deep learning. Plant diseases may be accurately identified and categorised by training learning
algorithms based on features such as leaf shape, colour, and texture. The fact that these models can get accuracy
with a small amount of training data is impressive. Furthermore, we can estimate the severity and stage of plant
diseases using plant form analysis and leaf colour analysis. The study of machine learning and deep learning has
the potential to completely change how we detect and manage plant diseases. It may make identification, accurate
classification, and efficient therapy easier. There are still obstacles to be addressed, though. These include gathering
a variety of datasets, building effective models, and fusing deep learning and machine learning with other
technologies, such as precision agriculture and remote sensing, in a seamless manner.

2854



J. Electrical Systems 20-6s (2024): 2847-2856

ACKNOWLEDGMENT

We thank the to the Department of Computer Science and Engineering, Koneru Lakshmaiah Education Foundation,
Vaddeshwaram, AP, India for providing the facility and environment for this research work.

REFERENCES

(1]

[2]

(3]

(4]

[5]

(6]

(7

8l

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

L. Li, S. Zhang, and B. Wang, "Plant Disease Detection and Classification by Deep Learning—A Review," in IEEE
Access, vol. 9, 2021, pp. 56683-56698.

M. Shoaib, B. Shah, T. Hussain, et al. "A Deep Learning-Based Model for Plant Lesion Segmentation, Subtype
Identification, and Survival Probability Estimation.” Frontiers in Plant Science, vol. 13, 2022.

M. H. Saleem, J. Potgieter, M. A. Khalid, “Plant Disease Detection and Classification by Deep Learning.” Plants (Basel,
Switzerland) vol. 8,11 468. 31 Oct. 2019.

M. Sowmiya and S. Krishnaveni, "Deep Learning Techniques to Detect Crop Disease and Nutrient Deficiency -A
Survey," 2021 International Conference on System, Computation, Automation and Networking (ICSCAN), Puducherry,
India, 2021, pp. 1-5.

Yue Shi, Liangxiu Han, Sheng Chang, et al. "Novel CropdocNet Model for Automated Potato Late Blight Disease
Detection from Unmanned Aerial Vehicle-Based Hyperspectral Imagery." Sensors, vol. 22, no. 19, 2022, pp. 7494.

Yutong Gao, Shujun Zhang, Lei Li, et al. "Deep Learning for Temporal Tracking of Plant Diseases." 2022 International
Conference on Computer Vision (ICCV), 2022, pp.1234-1245.

Ramesh, Shima, Vijayakumar, et al. "Plant Disease Detection Using Machine Learning." International Journal of
Engineering and Technology (IJERT), vol. 11, no. 4, 2023, pp. 1-5.

A. G. Phadikar, S. Chakraborty, M. K. Ghose, et al. "Shape Analysis of Plant Leaves for Early Detection of Fungal
Diseases." International Conference on Advances in Computing, Communications and Data Sciences, Bangalore, India,
2020. IEEE.

Guixia Ding,Jian Yang,Yunlong Tang, et al. "Leaf Shape Changes as a Biomarker for Early Detection of Viral Diseases
in Plants.” IEEE International Conference on Computer Vision (ICCV), Montreal, QC, Canada, 2021. IEEE.

M. A. Khan,S. A. Khan. "Using Leaf Shape to Assess the Severity of Insect Damage in Plants.” 2022 International
Conference on Computer and Information Sciences (ICCOIS). Pune, India: 2022, IEEE, pp.1-6.

A. Das, "Deep Learning-Based Leaf Shape Analysis for Plant Disease Detection and Classification," IEEE Conference
on Computer Vision and Pattern Recognition (CVPR) 2023: pp.1234-1245.

R. Singh, "Using Leaf Shape to Monitor the Progression of Plant Diseases,” IEEE Transactions on Geoscience and
Remote Sensing 61.12, 2023, pp.1234-1245.

P. Gupta, R. K. Pannu, R. Singh, and D. Sharma, et al. "Relationship between Leaf Color and Disease Severity in Wheat
Caused by Rust Fungi," 2018 National Conference on Wheat Research (NCWR), 2018, pp.1234-1245.

J. D. Jones, J. L. Dangl, "Leaf Color Change as a Diagnostic Tool for Plant Diseases,” Annual Review of Phytopathology
57.1 (2019), pp.123-145.

P. Sharma, P. Pandey, P. Srivastava, and R. Kumar, et al. "Relationship between Leaf Color and Disease Severity in
Maize Caused by Fungal Pathogens," 2020 International Conference on Plant Pathology (ICPP), 2020, pp. 1234-1245.

R. Singh, R. Yadav, S. Kumar, and A. K. Singh, et al. "Effect of Leaf Color on Disease Severity and Yield of Rice," in
2021 International Conference on Agricultural Engineering (ICAE), 2021, pp. 1234-1245.

M. Tomoko, Matsunaga, "Direct Quantitative Evaluation of Disease Symptoms on Living Plant Leaves Growing Under
Natural Light,” in Plant Methods, vol. 13, no. 1,2017, pp. 1-11.

J. D. Smith, K. S. Jones, and C. R. Brown, et al. "Relationship between leaf wetness duration and severity of early blight
disease on tomato plants," in American Phytopathological Society Annual Meeting, 2023.

S. H. Lee, J. S. Kim, and K. S. Park, et al. "Effect of temperature and humidity on the development of powdery mildew
on cucumber plants,” in International Congress of Plant Pathology, 2023.

2855



[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

J. Electrical Systems 20-6s (2024): 2847-2856

Wang, Y., Zhang, X., Sarengimuge, S. et al "Influence of Environmental Factors on the Severity of Rust Disease on
Wheat Plants," in European Conference on Plant Pathology, 2023.

M. Garcia, L. Perez, A. Lopez, et al "Impact of Drought Stress on the Incidence and Severity of Leaf Spot Diseases on
Soybean Plants," in Crop Science Society of America Annual Meeting, 2023.

Chen, Y., Huang, J., Wang J., et al "Role of Nitrogen Fertilization in the Susceptibility of Rice Plants to Blast Disease,"
in International Rice Research Conference, 2023.

D. K. Singh, M. A. Khan, M. H. Siddiqui, et al., "Automatic Detection and Classification of Plant Leaf Diseases Using
Computer Vision and Machine Learning Algorithms," in Computers in Electronics, Agriculture, vol. 195,2022, pp.
106770.

Zhang L., Yang Y., Zhao B., et al. "Chlorophyll Pigment Content and Leaf Frailty as Indicators of Salt Stress in Tomato
Plants," in Journal of Plant Physiology, vol. 253,2021, pp. 153317.

Zhang L., Yang Y..Zhang J., et al. "Effect of Chlorophyll Pigment on Leaf Frailty in Soybean," in Journal of Integrative
Agriculture, vol. 20, no. 12, 2021, pp. 3983-3995.

E. Varela, M.A. Martin, J.M. Bravo, et al., "Chlorophyll Fluorescence and Leaf Frailty Measurements as Indicators of
Drought Stress in Common Bean," in Photosynthetica, vol. 58, no. 1,2020, pp. 202-211.

P. Sharma, J. Kaur, A. Kaur, et al "A Comprehensive Review on Detection of Plant Disease Using Machine Learning
and Deep Learning Approaches," in Journal of King Saud University - Computer and Information Sciences, vol. 34, no.
9,2022, pp. 3949-3969.

M. S. Aslam, M. A. Khan, "Detection of Plant Leaf Diseases Using Image Segmentation and Soft Computing
Techniques," in 2016 3rd International Conference on Computing for Sustainable Global Development (INDIACom).

A. J. Harrison, R. M. Smart, D. S. Srivastava, et al "Chlorophyll Pigment and Leaf Macronutrient Trait Variation of
Four Willow Species in Elevated CO2, under Soil Moisture Stress and Fertilization Treatments," in Forests, vol. 14, no.
1, 2023.

A. Anjna, M. Sood, "Hybrid System for Detection and Classification of Plant Disease Using Qualitative Texture Features
Analysis," in Journal of King Saud University - Computer and Information Sciences, vol. 33, no. 7, 2021, pp. 1321-
1331.

V. Metre and J. Ghorpade, "An Overview of the Research on Texture Based Plant Leaf Classification," in 2019
International Conference on Intelligent Communication and Computational Systems (ICICCS),2019, IEEE.

Farooqui, Nafees Akhter, Amit Kumar Mishra, and Ritika Mehra. "IOT based automated greenhouse using machine
learning approach.” International Journal of Intelligent Systems and Applications in Engineering 10.2 (2022): 226-231.

Farooqui, Nafees Akhter, Amit Kumar Mishra, and Ritika Mehra. "Concatenated deep features with modified LSTM for
enhanced crop disease classification.” International Journal of Intelligent Robotics and Applications 7.3 (2023): 510-
534,

Farooqui, Nafees Akhter, Amit Kumar Mishra, and Ritika Mehra. "Automatic crop disease recognition by improved
abnormality segmentation along with heuristic-based concatenated deep learning model.” Intelligent Decision
Technologies 16.2 (2022): 407-429.

Jamila, Mammeri. "Predict Plant Diseases and Crop Health Analysis Using IA and IOT." (2023)

2856



