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Abstract - Agricultural productivity is a cornerstone of 

global food security, yet plant diseases continue to pose a 

significant threat to crop yields. Recent advances in artificial 

intelligence, particularly generative AI, offer promising tools 

to enhance disease identification, prediction, and management 

strategies. This paper surveys the application of generative AI 

in tackling plant diseases, highlighting its capabilities, 

limitations, and potential for future development. 
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1.INTRODUCTION  

Agriculture is a vital sector that sustains human life, yet 

it faces numerous challenges, including the prevalence 

of plant diseases. These diseases can reduce crop yield 

and quality, leading to economic losses and food 

insecurity. Traditional approaches for diagnosing and 

managing plant diseases often rely on manual inspection 

and chemical treatments, which can be time-consuming, 

costly, and environmentally damaging. 

Generative AI, a subset of artificial intelligence, has 

shown potential in revolutionizing disease management 

in agriculture. By leveraging deep learning techniques 

and generative models, such as Generative Adversarial 

Networks (GANs) and Variational Autoencoders 

(VAEs), researchers have developed innovative methods 

to address these challenges. This paper reviews the 

current state of generative AI applications in agriculture, 

focusing on its role in plant disease management. 

 

2. Overview of Generative AI 

Generative AI involves the use of algorithms to generate 

new data that mimics existing data. Common generative 

models include: 

Generative Adversarial Networks (GANs): A 

framework with two neural networks—a 

generator and a discriminator—competing to 

improve the quality of generated data. 

Variational Autoencoders (VAEs): A 

probabilistic model designed to encode input 

data into a latent space and decode it back into 

meaningful output. 

Transformers and Diffusion Models: Recent 

advancements that have enabled text, image, 

and even multimodal generation tasks. 

These models excel in data augmentation, anomaly 

detection, and predictive analytics, which are essential in 

agriculture for identifying and mitigating plant diseases. 

 

3. Applications of Generative AI in Plant Disease 

Management 

3.1 Disease Detection and Classification Generative AI 

can enhance the accuracy and efficiency of disease 

detection in plants. For instance: 

GANs are used to augment datasets by 

generating synthetic images of infected leaves, 

improving the performance of disease 

classification models. 

VAEs and GANs aid in anomaly detection by 

identifying patterns that deviate from healthy 

plant characteristics. 

3.2 Predictive Analytics Generative AI models can 

predict disease outbreaks by analyzing environmental 

factors and historical data. For example: 

Time-series GANs generate predictive models 

based on weather patterns, crop susceptibility, 

and historical disease outbreaks. 
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Integrated systems combining generative 

models with IoT sensors provide real-time 

monitoring and early warnings. 

3.3 Customized Disease Solutions Generative AI can 

simulate the effects of different treatments on plant 

health, enabling precision agriculture: 

Generative models design and test eco-friendly 

pesticides. 

Synthetic biology applications use AI to develop 

disease-resistant plant strains. 

3.4 Data Synthesis and Augmentation In agriculture, 

labeled datasets are often scarce. Generative AI 

addresses this by: 

Creating diverse training data for machine 

learning models. 

Filling gaps in underrepresented classes of plant 

disease data. 

 

4. Advantages and Challenges 

Advantages: 

Cost Efficiency: Reduces the need for extensive 

field studies. 

Scalability: Enables large-scale disease 

monitoring and management. 

Precision: Enhances accuracy through synthetic 

data and predictive analytics. 

Challenges: 

Data Quality: Generative models require high-

quality input data. 

Generalization: Models may struggle with 

unseen or rare disease cases. 

Ethical Concerns: Issues related to data 

ownership and ecological impacts. 

 

 

 

5. Case Studies 

Case Study 1: Tomato Leaf Disease Detection GANs 

were utilized to augment datasets for tomato leaf 

diseases, resulting in improved classification accuracy 

for CNN models. 

Case Study 2: Wheat Rust Prediction Time-series 

generative models combined with satellite imagery 

predicted wheat rust outbreaks with high accuracy, 

allowing for timely interventions. 

 

6. Future Directions 

To fully harness the potential of generative AI in 

agriculture, future research should focus on: 

Developing robust and generalizable models. 

Integrating generative AI with other 

technologies like robotics and IoT. 

Addressing ethical and ecological 

considerations through responsible AI practices. 

 

7. Conclusion 

Generative AI offers transformative possibilities for 

addressing agricultural plant diseases, from enhanced 

detection to predictive analytics and beyond. While 

challenges remain, continued innovation and 

interdisciplinary collaboration promise to unlock its full 

potential, paving the way for sustainable and resilient 

agricultural practices. 
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