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lant pathology, the study of plant diseases and their management, has been revolutionized

by technological advancements in recent years. Among these technologies, Artificial
Intelligence (Al) has played a significant role, especially through the development of Large
Language Models (LLMs). LLMs are a subset of Al models trained on vast amounts of text
data, capable of understanding and generating human-like text. These models, such as
OpenAl’s GPT-4, have shown promising potential in enhancing agricultural research and
disease management. Their ability to analyze complex datasets, generate predictive models,
and provide insights has transformed modern plant pathology. This paper explores the role of
large language models in modern plant pathology, discussing their methodologies, benefits,
disadvantages, and future prospects.

Methodology

The application of large language models in plant pathology involves several key processes:
1. Data Collection and Processing: LLMs require large datasets to function effectively. In
plant pathology, data is collected from various sources such as scientific journals, plant
disease databases, genomic sequences, and climate data. This data is pre-processed to ensure
its quality, accuracy, and relevance.

2. Model Training: The collected data is fed into LLMs, which are trained to recognize
patterns and relationships. Training involves feeding text data related to plant diseases,
pathogen genomics, disease symptoms, and environmental factors. The model learns to
correlate these inputs and provide insights into disease identification, prediction, and
management.

3. Predictive Analysis: Once trained, the LLM can analyze new datasets to predict plant
disease outbreaks, identify potential pathogen strains, and recommend appropriate
management practices. It can generate diagnostic reports, suggest treatment measures, and
even assist in genetic modification research for disease-resistant crops.

4. Decision Support Systems: LLMs can be integrated into digital platforms used by
farmers, agricultural extension officers, and researchers. They act as decision support systems
by providing real-time solutions for disease management based on historical and current data
analysis.

Benefits of Large Language Models in Plant Pathology

1. Enhanced Disease Prediction and Diagnosis: LLMs can rapidly process large datasets
and identify patterns that indicate disease outbreaks. This ability enhances early detection and
prediction of plant diseases, allowing for timely intervention and reducing crop losses.

2. Automated Data Analysis: Manual analysis of plant pathology data can be time-
consuming and prone to human error. LLMs streamline this process, providing accurate and
timely analysis of genomic, environmental, and phenotypic data. This leads to improved
disease management strategies.
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3. Improved Research Efficiency: By generating literature reviews, summarizing scientific
papers, and assisting in research design, LLMs significantly reduce the time and effort
required for scientific investigations in plant pathology.

4. Real-time Advisory Services: LLMs integrated into mobile applications or agricultural
platforms can provide real-time advisory services to farmers. These services include
identifying diseases, suggesting treatment methods, and recommending preventive measures,
thereby minimizing crop losses.

5. Cost-effectiveness: The automation of data analysis, disease prediction, and advisory
services reduces the cost associated with manual labor, laboratory tests, and field visits,
making plant disease management more cost-effective.

Disadvantages of Large Language Models in Plant Pathology

1. Data Bias and Quality Issues: LLMs rely heavily on the quality and diversity of data. If
the training data is biased or incomplete, the model may produce inaccurate or misleading
results. This is a major concern, especially in regions with limited agricultural data.

2. Lack of Interpretability: The “black box” nature of LLMs makes it difficult to
understand how the model arrives at certain predictions or decisions. This lack of
interpretability can hinder trust and adoption among farmers and researchers.

3. Ethical and Privacy Concerns: The use of LLMs often involves the collection of large
amounts of data from farmers, research institutions, and online databases. This raises
concerns about data privacy and the potential misuse of sensitive information.

4. Dependence on Technology: Over-reliance on LLMs may lead to a reduction in
traditional plant pathology expertise. If not properly managed, it could result in reduced field-
level disease observation and human judgment.

5. Resource Intensive: Training and deploying LLMs require significant computational
resources, including advanced hardware and extensive cloud computing services. This can
pose a challenge for resource-limited research institutions or small-scale farmers.

Future Prospects of Large Language Models in Plant Pathology

1. Integration with Remote Sensing and loT: Future applications of LLMs could involve
integration with remote sensing technologies and Internet of Things (loT) devices. This
would enable real-time monitoring of plant health, disease outbreaks, and environmental
conditions, enhancing precision agriculture.

2. Personalized Agricultural Recommendations: LLMs could be fine-tuned to provide
location-specific and crop-specific recommendations to farmers. This personalized approach
would improve the effectiveness of disease management strategies.

3. Enhanced Genomic Research: In plant pathology, LLMs could significantly advance
genomic research by analyzing vast genomic datasets. This could lead to the identification of
resistant crop varieties and the development of targeted genetic modifications.

4. Cross-border Collaboration: Large language models can facilitate cross-border
collaboration by translating scientific literature and research findings across languages. This
would improve knowledge sharing and collective problem-solving in plant pathology.

5. Sustainable Agriculture: By improving disease prediction, management, and prevention,
LLMs can contribute to sustainable agriculture. Reduced crop losses, optimized use of
pesticides, and efficient resource management align with global sustainability goals.

Conclusion

The integration of Large Language Models in modern plant pathology has the potential to
revolutionize disease detection, prevention, and management. By leveraging vast amounts of
data and providing predictive insights, LLMs can significantly reduce crop losses, enhance
research efficiency, and provide real-time advisory services. However, challenges such as
data bias, privacy concerns, and resource dependency must be addressed to ensure the
effective and ethical use of LLMs. Moving forward, combining LLMs with remote sensing,
loT, and genomic research will open new horizons in plant pathology, ultimately contributing
to global food security and sustainable agriculture.

Agri Fxticles ISSN: 2582-9882 Page 153

Ear de de de e e Ao de o O e Lo e O e dp v O e de e e e e v e e Ao v e e de v O e Le do e v e e Ae de e D de Ao e e v O O



parde de de de de Ao de de Ao Ao e Ae e e Ao e e A A e A A e U U U O O Or Ur Ov dv dv dv g de de de Ao 1e e e dr Or O de de de Ae Ae e e Or

Nayak et al. (2025) Agri Articles, 05(02): 152-154 (MAR-APR, 2025)
References
1. Ali, J., Alam, M. S., Asif, M., & Sharma, P. K. (2023). Application of Artificial

Intelligence in Plant Pathology: A Review. Agricultural Research,12(1), 45-56.
https://doi.org/10.1007/s40003-023-01642-1

Bhattacharyya, S., & Choudhury, P. R. (2022). Role of Atrtificial Intelligence in Disease
Diagnosis and Management in Agriculture. Frontiers in Plant Science, 13,
756390.https://doi.org/10.3389/fpls.2022.756390

Chen, J., Zhang, D., & Liu, Y. (2023). Leveraging Large Language Models for
Agricultural Data Analysis. Computers and Electronics in Agriculture, 207, 107585.
https://doi.org/10.1016/j.compag.2023.107585

Kaur, H., & Singh, J. (2022). Al-Powered Decision Support Systems for Plant Disease
Management. Journal of Plant Pathology, 104 (3), 867-879.
https://doi.org/10.1007/s42161-022-01234-5

Mohanty, S. P., Hughes, D. P., & Salathé, M. (2016). Using Deep Learning for Image-
Based Plant Disease Detection. Frontiers in  Plant Science,7, 14109.
https://doi.org/10.3389/fpls.2016.01419

Patricio, D. I, & Rieder, R. (2018). Computer Vision and Artificial Intelligence in
Precision Agriculture for Plant Health Monitoring. European Journal of Agronomy, 98,
115-131. https://doi.org/10.1016/j.eja.2018.05.003

Xu, Y., Goodwin, P. H., & Taylor, S. (2022). Role of Machine Learning and Large
Language Models in Crop Disease Prediction. Plant Disease, 106 (6), 1764-1772.
https://doi.org/10.1094/PDI1S-09-21-1860-RE

Zhang, S., Wang, X., & Wei, Y. (2023). Exploring the Potential of Large Language
Models in  Agricultural ~ Research.  Agricultural  Systems,204 103414,
https://doi.org/10.1016/j.agsy.2023.103414

PRgri grticles ISSN: 2582-9882 Page 15%

Ear de de de e e Ao de o O e Lo e O e dp v O e de e e e e v e e Ao v e e de v O e Le do e v e e Ae de e D de Ao e e v O O


https://doi.org/10.1007/s40003-023-01642-1
https://doi.org/10.3389/fpls.2022.756390
https://doi.org/10.1016/j.compag.2023.107585
https://doi.org/10.1007/s42161-022-01234-5
https://doi.org/10.3389/fpls.2016.01419
https://doi.org/10.1016/j.eja.2018.05.003
https://doi.org/10.1094/PDIS-09-21-1860-RE
https://doi.org/10.1016/j.agsy.2023.103414

