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Abstract 
Plant taxonomy, the science of naming, describing, and classifying plants, is a foundational discipline for 

botany and conservation. However, traditional taxonomic methods, which rely heavily on expert knowledge, 

physical specimens, and time-consuming manual processes, face significant challenges. These include a 

global decline in taxonomic expertise, the vast scale of undescribed biodiversity, and the logistical difficulties 

of managing physical herbarium collections. This paper explores the transformative potential of Artificial 

Intelligence (AI), particularly machine learning and computer vision, to address these impediments. By 

leveraging large datasets of plant images and associated metadata, AI-driven systems can automate species 

identification, assist in biodiversity monitoring, and democratize access to taxonomic knowledge.  
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Introduction: 

For centuries, plant taxonomy has served as the 

bedrock of botanical science, providing a universal 

language for understanding and cataloging the 

Earth's flora. The traditional process, pioneered by 

botanists like Carl Linnaeus, involves meticulous 

observation of morphological features, such as leaf 

shape, venation patterns, floral structure, and 

reproductive organs. This expertise is cultivated 

over decades of study and fieldwork. However, this 

established paradigm is now facing a "taxonomic 

impediment"—a term that describes the various 

bottlenecks hindering the description of global 

biodiversity. These challenges are manifold: 

Shortage of Experts: The number of trained plant 

taxonomists is shrinking globally, while the 

backlog of undescribed species continues to grow. 

The advent of AI offers a compelling solution to 

these challenges. By moving beyond traditional 

dichotomous keys and manual comparisons, AI-

driven systems can process vast amounts of data at 

unprecedented speeds, enabling automated and 

scalable plant identification. This paper aims to 

provide a comprehensive overview of how AI is 

being used in plant taxonomy, from fundamental 

principles to practical applications, while also 

critically evaluating its current limitations and 

future potential. 

AI Methodologies for Plant Taxonomy: The core 

of AI's application in plant taxonomy lies in its 

ability to learn and recognize patterns from data. 

This is primarily achieved through machine 

learning (ML) and its powerful subset, deep 

learning (DL). The most relevant AI techniques for 

this field are: 

Computer Vision and Deep Learning: Computer 

Vision is the primary AI subfield used for plant 

identification. It allows computers to "see" and 

interpret images. The most effective tool for this 

task is the Convolutional Neural Network (CNN). 

A CNN processes an image by passing it through a 

series of layers. The initial layers detect low-level 

features like edges and textures, while deeper layers 

progressively learn to recognize more complex 

features like leaf venation, flower petals, and 

overall plant structure. The final layers use these 

learned features to classify the image into a specific 

species. This process bypasses the need for manual 

feature extraction, a major limitation of older 

machine learning approaches. 

Datasets and Data Preprocessing: 

The performance of any AI model is directly 

dependent on the quality and quantity of its training 

data. For plant taxonomy, this means large, diverse, 

and accurately labeled datasets of plant images. 

Publicly available datasets like PlantCLEF, 

iNaturalist, and PlantVillage are crucial for 

training and benchmarking models. 

Image Augmentation: Creating new training 

images by rotating, flipping, or zooming existing 

ones to increase dataset size and improve model 

robustness. 
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Segmentation: Isolating the plant part (e.g., a 

single leaf or flower) from the background to 

reduce noise and improve focus. 

Automated Species Identification: 

Mobile applications and web platforms like 

PlantNet and Google Lens use deep learning to 

instantly identify plants from a user's smartphone 

photo. These tools leverage CNNs trained on 

millions of images, providing real-time 

identification for citizen scientists and researchers 

alike. While they may not achieve 100% accuracy, 

they are highly effective for common species and 

significantly reduce the time and expertise required 

for preliminary identification. 

Herbarium Digitization: 

AI can be used to process images of herbarium 

specimens, which are often of varying quality. 

Computer vision models can extract key 

information from these images, such as species 

name, collection date, and location, helping to 

rapidly digitize and catalog vast historical 

collections. This makes invaluable data accessible 

to researchers worldwide. 

Biodiversity Monitoring: 

By integrating with remote sensing technologies 

like drones and satellite imagery, AI can be used to 

monitor vegetation cover and identify plant species 

across large geographical areas. This allows for 

rapid assessment of biodiversity hotspots and the 

early detection of invasive species, which is critical 

for conservation efforts. 

Challenges and Limitations: 

Despite its immense potential, the use of AI in plant 

taxonomy is not without its challenges. 

Data Scarcity for Rare Species: AI models 

perform poorly on species for which there is limited 

training data. This is particularly problematic for 

rare or endangered plants, where accurate 

identification is most crucial. 

Environmental Variability: The same plant can 

look different depending on the season, lighting, or 

growth stage. AI models can struggle to generalize 

across these variations, leading to misclassification. 

Future Directions: 

The future of AI in plant taxonomy lies in 

addressing these limitations and exploring new 

frontiers. 

Explainable AI (XAI): Research into XAI will 

make AI models more transparent, allowing 

taxonomists to understand the specific features an 

AI system is using for classification. This will build 

trust and facilitate a collaborative relationship 

between humans and AI. 

Advanced Data Collection: AI could be used to 

guide more efficient data collection in the field, for 

example, by identifying ideal specimens to 

photograph and suggesting areas with high 

biodiversity. 

Conclusion: 

Artificial Intelligence is poised to revolutionize the 

field of plant taxonomy. By automating the 

laborious process of species identification and 

making taxonomic data more accessible, AI can 

help overcome the "taxonomic impediment" and 

accelerate the study and conservation of global 

flora. While AI will not replace the fundamental 

work of human taxonomists, it serves as a powerful 

and indispensable assistant, freeing up experts to 

focus on complex research questions while 

empowering citizen scientists to contribute to 

biodiversity monitoring. The synergistic 

collaboration between traditional taxonomic 

knowledge and cutting-edge AI technology is the 

key to unlocking a new era of discovery in the plant 

kingdom. 
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