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ABSTRACT
The integration of Artificial Intelligence (Al) into botanical sciences has redefined research, education, and applications across
multiple sub-disciplines of Botany. From taxonomic classification and plant genomics to ecological modeling and agricultural

optimization,

Al-driven technologies enable more precise, efficient and large-scale analyses of plant systems (Agarwal and Varma,

2022). This article reviews the significant roles and applications of Al in Botany, highlighting its potential to accelerate plant
research, improve sustainability, and support biodiversity conservation.
KEYWORDS: Artificial Intelligence, Botany, Machine Learning, Plant Identification, Plant Disease Detection, Genomics,

Phytochemistry

INTRODUCTION

Botany, the scientific study of plants, forms the cornerstone of
agricultural innovation, ecosystem understanding and
sustainable resource management. However, traditional
methods of botanical research, which are often reliant on
manual identification, morphological observation and time-
consuming experimentation, pose challenges when dealing
with massive data sets and complex biological interactions
(Liakos et al., 2018). The emergence of Artificial Intelligence
(Al), including machine learning (ML), deep learning (DL) and
data analytics, now provides transformative tools to overcome
these challenges. By processing and interpreting large volumes
of diverse data sets, Al improves decision-making, prediction
accuracy and the discovery of new biological insights
(Govindaraj et al., 2021).

1. Al in Plant Identification and Classification
Al-based image recognition systems have transformed the
identification and classification of plants. Convolutional Neural
Networks (CNNs) and other deep learning models can classify
species from digital images of leaves, flowers, seeds or bark
with high accuracy (Carranza-Rojas et al., 2017).

Applications such as PlantNet, LeafSnap and Flora Incognita
utilize Al algorithms trained on extensive image datasets to
assist botanists, ecologists and citizen scientists in species
identification (Chen et al, 2023). Al-driven taxonomy also
integrates molecular and morphological data, allowing the
discovery of cryptic species and the clarification of complex
phylogenetic relationships. This has enhanced accuracy in
systematics and biodiversity assessments.

2. Al in Agricultural and Crop Botany

In agricultural botany, Al fosters precision farming and
sustainable productivity. Machine learning models analyze
multispectral images from satellites, drones and IoT sensors to
monitor soil fertility, irrigation status, pest infestation and
nutrient deficiencies in real time.

Predictive algorithms forecast crop yield, optimize fertilizer use

and detect early signs of biotic and abiotic stress, enabling
timely intervention. Al-powered robotic systems are now being
employed for automated weeding, harvesting and disease
detection, significantly reducing human labour and resource
wastage. These innovations collectively contribute to climate-
smart agriculture and the global goal of sustainable food
security.

3. Al in Plant Disease Detection and Diagnosis

Al-driven image analysis tools detect early signs of biotic and
abiotic stress in plants (Mohanty ef al., 2016). Deep learning
algorithms process spectral and hyperspectral images to
identify pathogens such as fungi, bacteria and viruses before
visible symptoms appear (Barbedo, 2019). These systems are
integrated into precision agriculture platforms to enhance early
warning systems and reduce yield losses. For example, Al
models trained on crop datasets can detect Tomato Leaf Curl
Virus or Yellow Vein Mosaic Virus of Bhendi with over 90 %
accuracy.

4. Applications in Crop Improvement and Plant Breeding
Al assists breeders in analyzing massive genomic datasets to
discover gene-trait associations linked to yield, drought
tolerance or pest resistance (Zhuang et al., 2022). Machine
learning algorithms like random forests and support vector
machines (SVMs) predict complex genotype-phenotype
relationships (Govindaraj et al., 2021). These insights
accelerate molecular breeding, enabling the development of
climate-resilient cultivars. Al also assists in stimulating hybrid
performance and optimizing selection strategies in breeding
programs.

5. Al in Plant Genomics and Molecular Botany

The exponential growth of genomic data demands
computational tools capable of deciphering biological
complexity. Al algorithms, especially machine learning
models, are now integral to analyzing plant genomes,
transcriptomes and proteomes. They assist in gene function
prediction, identification of regulatory elements and discovery
of quantitative trait loci (QTLs) linked to stress tolerance, yield
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and disease resistance. Deep learning further aids in predicting
protein structures and gene expression patterns, providing a
systems-level understanding of plant physiology. Al-driven
genomic selection models have also expedited plant breeding
programs by integrating phenotypic and genotypic data to
predict desirable traits efficiently.

6. Smart Greenhouses and Precision Agriculture
Al-powered systems optimize greenhouse management by
controlling temperature, humidity, irrigation and light intensity
in real time (Koirala et al., 2019). Predictive models assess
plant growth parameters to enhance productivity while
minimizing water and nutrient use. Sensor-based [oT devices
integrated with Al algorithms allow automated responses to
environmental fluctuations, ensuring ideal growth conditions
for each crop species (Liakos et al., 2018).

7. Ecological and Environmental Monitoring

Al contributes extensively to ecological and environmental
botany through remote sensing and ecological modeling.
Machine learning models analyze satellite imagery to map
vegetation cover, monitor deforestation and track phenological
changes under varying climatic conditions (Zhang et al., 2024).
Al-integrated Species Distribution Models (SDMs) predict
shifts in plant distribution patterns in response to global climate
change. Such predictive ecology supports conservation
planning, habitat restoration and biodiversity monitoring.
Furthermore, Al algorithms facilitate the analysis of ecosystem
networks, identifying relationships between plant communities,
soil microbiota and environmental factors.

8. Al in Plant Physiology and Stress Biology

Al tools are increasingly used to study plant responses to
environmental stresses such as drought, salinity and
temperature  extremes.  Predictive = models  simulate
photosynthetic efficiency, stomatal behaviour, and nutrient
uptake, providing insights into plant adaptation mechanisms.
Advanced imaging techniques, coupled with Al-based analysis,
enable high-throughput phenotyping, allowing researchers
to quantify traits such as growth rate, chlorophyll content and
canopy architecture under varying environmental conditions.

Such data-driven approaches are essential for developing
stress-resilient crop varieties and understanding the
physiological underpinnings of plant performance.

9. Al in Pharmacognosy and Economic Botany

In the domain of medicinal and economic botany, Al
accelerates the discovery and characterization of bioactive plant
compounds (Zhuang et al., 2022). Cheminformatics and neural
network models predict molecular interactions and
pharmacological properties of phytochemicals, aiding in the
design of plant-based drugs and nutraceuticals. Al also
facilitates metabolomic profiling and virtual screening of large
compound libraries, reducing the time and cost associated with
experimental validation. This has significant implications for
natural product research, pharmaceutical development and
sustainable bioprospecting.

10. Data Management, Research Analytics and Education
The vast quantity of botanical data stored in databases such as
GBIF, GenBank and The Plant List requires intelligent
management. Al-driven data mining and Natural Language
Processing (NLP) techniques automatically extract valuable
information from scientific literature, improving accessibility
and synthesis. In education, Al-powered virtual labs and
chatbots enhance student learning by providing interactive
platforms for plant identification, anatomy visualization and
ecological simulations. Citizen science platforms employing Al
also democratize data collection, allowing enthusiasts to
contribute to global biodiversity datasets.

CHALLENGES AND FUTURE PERSPECTIVES
Despite its transformative potential, Al adoption in botany
faces several challenges, including limited availability of
annotated  datasets, algorithmic bias and lack of
interdisciplinary training among botanists. Future progress will
depend on integrated frameworks combining Al with genomics,
remote sensing and I[oT technologies. Collaborative efforts
between data scientists and plant biologists are essential for
developing interpretable Al models, ensuring transparency and
enhancing trust in Al-assisted research. Emerging areas such as
Explainable Al (XAI) and Quantum Machine Learning may
further refine predictive modeling in plant sciences.

CONCLUSION

Artificial Intelligence (Al) has become indispensable in modern
botany, bridging computational science and plant biology. Its
applications span taxonomy, pathology, breeding, conservation
and drug discovery (Liakos et al, 2018). Continuous
integration of Al with emerging technologies such as IoT,
robotics and genomics will drive a new era of intelligent plant
science, ensuring global food security and sustainable
ecosystem management.
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