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1. Introduction 

Potatoes are a vital food crop and economic asset, especially in India, the world’s second-largest producer with over 43 

million tons produced in 2018. However, increasing global demand faces a major threat from leaf diseases like early and 

late blight, which cause significant yield losses. Early blight appears as black spots, while late blight leads to blistering and 

rotting of leaves. Traditionally, disease detection relied on manual inspection and basic weather models, which lack 

accuracy and scalability. This research leverages machine learning (ML), particularly CNNs, to identify and differentiate 

potato leaf diseases using meteorological data (temperature, humidity, rainfall, wind speed). Advanced ML models can 

uncover complex patterns and offer early warnings, enabling timely interventions. The goal is to build predictive systems 

that support sustainable farming by improving disease forecasting and reducing crop losses, thereby strengthening food 

security and supporting farmers' livelihoods. The core problem is the need for rapid and accurate forecasting of potato leaf 

diseases like early and late blight based on weather conditions. Existing systems often fall short in reliability and precision, 

revealing a clear research gap. This study addresses that gap by introducing an updated dataset and testing alternative 

machine learning models to improve forecasting accuracy, offering a more dependable tool for farmers and agricultural 

stakeholders. This research aims to tackle the challenges posed by potato leaf diseases, particularly early and late blight, 

through several key goals. It seeks to identify critical environmental factors influencing disease prevalence and develop an 

advanced climate-based prediction model using a refined dataset. The study also compares the performance of various 

models under different weather conditions to enhance forecasting accuracy. By addressing existing research gaps, the 

project proposes a more personalized and effective model. Ultimately, it aims to equip farmers with a reliable tool for 

disease management, contributing to reduced crop losses and improved food security. 

 

2.Related Work 

The integration of artificial intelligence (AI) and machine learning (ML) into agriculture is transforming traditional, 

experience-based practices that previously lacked algorithmic support. This section reviews the existing literature and 
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This study investigates the use of various machine learning (ML) models to forecast early 

and late blight in potatoes, diseases that significantly reduce crop yield and quality. Using a 

dataset of over 4,000 weather condition records, key factors such as temperature, humidity, 

wind speed, and atmospheric pressure were analyzed using techniques like K-means 

clustering, PCA, and copula analysis. ML models applied included logistic regression, 

gradient boosting, MLP, SVM, and KNN—with and without feature selection. Feature 

selection, notably using binary Greylag Goose Optimization (bGGO), significantly improved 

model accuracy. The MLP model with feature selection achieved the highest accuracy at 

98.3%, highlighting the value of optimized features. This approach offers a reliable tool for 

early disease detection, supporting sustainable farming and food security through 

automated and effective disease control. 

http://dx.doi.org/10.13140/RG.2.2.20398.01607
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examines key advancements in the field, with sub-sections dedicated to exploring how AI and ML technologies are being 

applied to agricultural disease detection and control. 

 

Revolutionary Applications of Machine Learning  and Artificial Intelligence 

The use of AI and machine learning in agriculture marks a revolutionary shift from traditional, empirical methods of plant 

disease forecasting, which relied on historical outbreak and weather data but lacked adaptability. AI introduces advanced 

technologies that analyze complex datasets to predict when and where diseases may occur. By integrating real-time 

ground sensors, satellite imagery, and high-resolution drone data, machine learning algorithms can detect patterns and 

anomalies indicative of early disease development, offering more precise and timely disease management. 

 

Climate Clues for Disease Prediction 

This study focuses on developing AI models that incorporate key environmental factors—especially temperature, 

humidity, wind speed, and direction—to predict potato leaf diseases like early and late blight. These weather conditions 

strongly influence disease occurrence and fungal spore distribution. By optimizing AI models with thorough data 

collection, preprocessing, and feature selection from a dataset of 4,020 weather records, the research enhances prediction 

accuracy for real-field applications. This approach supports sustainable potato farming, boosts crop resilience, and 

contributes to food security amid changing climate conditions. 

 

Fig. 1 Original dataset features’ correlation matrix 

 

The dataset includes columns for "Disease name" and "Due to a number of diseases," which categorize different potato leaf 

diseases, focusing specifically on early blight and late blight for machine learning model training. Early blight, caused by 

Alternaria solani, thrives in warm, humid conditions and appears as dark brown patches on leaves that impair 

photosynthesis. In contrast, late blight, caused by Phytophthora infestans, is more prevalent in cold, humid climates and 

can rapidly devastate entire fields under favorable conditions. Notably, temperature and humidity often exhibit a strong 

positive correlation, creating environments conducive to both early and late blight outbreaks. 

 

Data preprocessing 

Data preprocessing is crucial for cleaning, standardizing, and preparing datasets for analysis. In this study, data 

normalization and encoding techniques are applied, followed by Principal Component Analysis (PCA) to reduce 

dimensionality and simplify data processing. K-means clustering further groups data points by similarity, revealing natural 

patterns in weather variables. These clusters help link specific weather patterns to potato diseases, providing high-quality 

training data that improves machine learning model accuracy and reduces bias. 

 

Copula Analysis 

Copula analysis is a statistical technique used to uncover hidden relationships among variables by generating synthetic 

datasets that simulate future scenarios. These synthetic datasets, which include correlation matrices, help machine 

learning models recognize weather-disease patterns and improve prediction accuracy. By replicating the original data’s 

statistical properties, copula synthesis supports robust model evaluation across diverse conditions, enhancing the 

understanding of weather-driven disease outbreaks. 
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Fig. 2 Cluster analysis (K-means) of tested dataset 

 

Fig. 3 Distribution of dataset features 

 

Figure illustrates the variability of distinct weather attributes in relation to weather conditions, indicating that each 

attribute exhibits unique behaviors. Recognizing the extent and distribution of these features enhances models' capacity to 

detect subtle yet significant symptoms of disease outbreaks, thereby improving forecasting accuracy.  

Feature Selection 

Feature selection is vital for identifying key variables that predict diseases by converting features into binary form (0 or 1) 

to remove irrelevant or duplicate data. This streamlines models, improving accuracy and efficiency, with temperature and 

humidity often ranking highest. Advanced binary optimization algorithms like binary Greylag Goose Optimization (bGGO) 

and binary Waterwheel Plant Algorithm (bWWPA), along with others such as bGWO, bPSO, and bGA, are used to isolate the 

most relevant features. Table 1 summarizes feature selection evaluation metrics, including best/worst fitness, average 

error, and standard deviation. 

 

Machine Learning Models 

This research evaluates various machine learning models for potato disease prediction, each with unique strengths: 

1. Logistic Regression – effective for binary classification by analyzing feature correlations. 

2. Neural Network (MLP) – captures complex, non-linear data patterns. 

3. Random Forest – ensemble of decision trees improving accuracy for diverse data. 

4. Support Vector Machine (SVM) – uses hyperplanes for clear classification. 

5. K-Nearest Neighbors (KNN) – classifies based on proximity to known data points. 

6. Naive Bayes – probabilistic model predicting categorical outcomes. 

7. Decision Tree – hierarchical decision rules based on weather variables. 

8. Gradient Boosting – sequentially reduces prediction errors for higher accuracy. 

9. SVM (RBF Kernel) – SVM variant using kernels for non-linear classification. 

Models are assessed using accuracy, sensitivity, and specificity to find the best fit for forecasting. Table 1 summarizes the 

evaluation metrics ensuring reliable performance and clear differentiation of disease presence. 

 

3.Experimental Results 

The experimental outcome presents a comprehensive evaluation of machine learning models’ ability to predict potato leaf 

diseases using meteorological data. 

 

Table 1: Classification model evaluation criteria 

Evaluation Criteria Value 

Accuracy No. of correct predictions 

Total predictions 

Sensitivity (Recall) True positives 

True positives + false negatives 

Specificity True negatives 

True negatives + false positives 
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Positive predictive value True positives 

True positives + false positives 

Negative predictive value True negatives 

True negatives + false negatives 

F1 score 2 × precision × sensitivity 

      precision + sensitivity 

 

Machine Learning Model Results with Feature Selection 

KNN demonstrates that feature selection effectively removes noise, focusing models on the most important predictors, 

improving sensitivity and specificity. Figure 10 shows that after feature selection, all models, especially MLP, perform 

better, with KNN and random forest also strong. This highlights the crucial role of selecting key features in boosting 

accuracy. Figure 11’s pair plot compares performance before and after feature selection, showing models like MLP and 

random forest consistently improve across metrics, confirming that optimal feature selection enhances prediction 

accuracy. 

 

Fig 4: Accuracy by model for machine learning models with feature selection 

4. Conclusion 

This project explored using weather factors and various machine learning models to predict potato leaf diseases. Before 

feature selection, logistic regression (LR) and neural networks (MLP) achieved over 94% accuracy. Feature selection 

techniques, especially bGGO and bWWPA, improved all models by identifying key features and reducing errors. MLP 

performed best, reaching 98.3% accuracy and efficient data reduction. The study highlights the importance of optimizing 

ML models for effective disease prediction, helping farmers make accurate, timely decisions to minimize crop losses. 

Future work should expand datasets to include more crops and diseases, apply advanced feature selection, and develop 

user-friendly management tools to support sustainable agriculture. Overall, this research demonstrates the strong 

potential of AI to enhance agricultural disease control. 
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