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Abstract

The integration of Artificial Intelligence (Al) and botanical science is catalyzing a paradigm shift in green technology.
The convergence of Artificial Intelligence (Al) and Botany marks a revolutionary era in life sciences. With the growing
availability of big biological data, Al has emerged as a transformative tool to enhance plant research, crop
management, biodiversity monitoring, and climate-resilient agricultural innovations. Machine Learning (ML), Deep
Learning (DL), and Internet of Things (loT)-based smart systems have redefined how scientists interpret plant
morphology, physiology, and genomic data. This review critically explores how Al is accelerating progress in plant
taxonomy, disease detection, precision agriculture, and environmental conservation. It also discusses the role of Al in
genomics and biotechnology for creating sustainable plant systems. The paper highlights the significance of
interdisciplinary collaboration between computer science and plant biology in addressing global challenges like food
security, ecological balance, and resource optimization. Finally, it outlines future directions, emphasizing ethical,
data-driven, and transparent Al applications for greener and more sustainable scientific innovation. Keywords:
Artificial Intelligence, Botany, Machine Learning, Plant Phenotyping, Precision Agriculture, Green
Technology, Sustainable Development.

1. Introduction scientists can develop crops that are climate-
The world’s population is expected to reach about resilient, disease-resistant, and more productive,
10 billion by 2050, and with the growing ensuring both sustainability and security for future
challenges of climate change, we urgently need to generations.

change the way we study and use plants (United
Nations, 2019). Botany, the science of studying

Traditional Approach Al-Driven Approach

plants, has long been the basis for advances in Manual observation | Automated image analysis
agriculture, medicine, and ecology. However, Slow, labor-intensive High-throughput analysis
s Pt ST ot OO 0 POV | iy | Pritve oo
with the environment, traditional research methods Human-dependent Data-driven insights

are no longer enough to study them effectively. i i _
Artificial Intelligence (Al) is redefining the | Reactive (after disease) Predictive (early
landscape of biological research by enabling diagnosis)

machines to analyze complex biological
phenomena with unprecedented precision. In
botany, the traditional empirical methods of plant
study are now complemented by computational ) . ST )
approaches that can identify, predict, and simulate The aim of this review Is to anal_yze the emerging
plant responses to environmental and genetic frontiers where Al and botany intersect, explore
stimuli (Singh et al., 2022). recent _ad\_/ancements; eva]ugte c.hal.ler)ges, gnd
The global emphasis on green technology— _presentm5|g_hts into how this mterdlsmplmary field
technology ~ that  promotes  environmental is transforming green technology and sustainable

sustainability—has further catalyzed the fusion life _ Sclences. This Paper - TEVIEWS key_ .AI
between Al and plant sciences. Green technology applications in plant science, |dent|f|es _eX|st|ng
aims to minimize ecological footprints while _research gaps, anq Proposes future_ d|re_ct|ons for
enhancing efficiency, and Al-driven innovations Integrating intelligent  technologies in  green
like smart irrigation, drone-assisted crop analysis, ~ Innovation.

and predictive plant modeling play a pivotal role in
achieving these goals.

This convergence is not only scientific but also
socio-economic. The world’s rising population and
climate change have placed immense pressure on
food systems. By integrating Al with plant biology,

Above mentioned table summarizes the
fundamental  shifts brought by Al-driven
methodologies in botanical research.

2. Literature Review

2.1 Al in Plant Identification and Classification
Accurate plant identification is crucial for
taxonomy, biodiversity monitoring, and ecological
balance.  Traditional = methods based on
morphological observation are time-consuming and
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error-prone. Al-based image recognition systems,
powered by deep learning algorithms like
Convolutional Neural Networks (CNNs), have
revolutionized species classification.

Applications such as PlantNet, LeafSnap, and Flora
Incognita use Al to identify plant species from
photographs with high accuracy (Waldchen &
Méder, 2018). These tools rely on large annotated
datasets that enable neural networks to learn
distinguishing features of leaves, flowers, or bark
textures. Beyond identification, Al supports the
creation of digital herbaria, making plant
biodiversity data accessible globally.

2.2 Al in Plant Disease Detection

Plant diseases cause severe agricultural losses
worldwide. Al-based systems can now detect early
signs of infection through pattern recognition and
spectral analysis. Using computer vision and deep
learning, models such as ResNet and VGGNet
analyze leaf color variations, lesion shapes, and
texture to identify diseases like tobacco mosaic
virus, rice blast, and late blight (Mohanty et al.,
2016).

By integrating these systems with smartphones and
drones, farmers and researchers can perform real-
time disease surveillance. Moreover, Al-powered
systems assist in predicting disease outbreaks based
on climatic data, enabling proactive crop
management rather than reactive treatments.

2.3 Al in Precision Agriculture

Precision agriculture integrates Al, loT sensors,

drones, and satellite imagery to optimize farming

inputs. Machine learning models process data from
soil moisture sensors, weather stations, and crop
images to recommend irrigation schedules, nutrient
doses, and pesticide applications (Kamilaris &

Prenafeta-Bold(, 2018).

Al-driven predictive models reduce waste, improve

yields, and minimize environmental harm—key

pillars of sustainable green technology. For
example:

e Neural network models predict crop vyields
under varying climatic conditions.

e Computer vision helps in weed detection,
enabling targeted herbicide application.

e Al-based irrigation systems reduce water usage
by up to 30%, ensuring conservation of natural
resources.

2.4 Al in Genetic Improvement and Plant

Biotechnology

The field of genomics and molecular botany has

been revolutionized by Al. Modern bioinformatics

employs Al algorithms to analyze genomic
sequences, predict gene functions, and model gene

expression networks (Varshney et al., 2021).

Al tools assist in identifying genes responsible for
stress tolerance, drought resistance, and high yield.
The integration of Al with CRISPR-Cas9 has
enabled scientists to design more accurate genome-
editing targets. Similarly, Al-assisted molecular
docking tools accelerate the discovery of plant-
based bioactive compounds used in pharmaceutical
biotechnology.

These advancements represent a significant step
toward sustainable crop improvement and the
development of plant-based biotechnological
innovations that can replace chemical-dependent
agricultural practices.

2.5 Al for Environmental
Conservation

Al plays an increasingly critical role in ecosystem
monitoring and conservation biology. Machine
learning models analyze satellite and drone data to
detect deforestation, habitat loss, and vegetation
changes (Xu et al., 2020).

In biodiversity conservation, Al algorithms predict
species distribution based on ecological variables
and climate data. This helps conservationists design
better protected-area networks and predict the
impact of global warming on plant species
distribution. Al also supports carbon footprint
analysis and assists in modeling carbon
sequestration capacity of forest ecosystems.

Monitoring and

3. Methodology

To investigate the integration of Aurtificial
Intelligence (Al) in various areas of Botany and
green technology, this study uses a systematic
literature review approach. Science Direct, Springer
Link, Scopus, PubMed, and Google Scholar are
among the well-known scientific databases from
which relevant research articles, review papers, and
case studies were collected.

A systematic approach was used to extract relevant
data, categorize findings into thematic domains,
and compare technological trends across sub-
disciplines. Qualitative synthesis was employed to
interpret technological outcomes.

The review focused on publications from 2015 to
2025, which highlighted recent advancements in Al
applications like plant identification, disease
diagnosis, phenotyping, precision agriculture, and
biodiversity conservation. Criteria for selection
included peer-reviewed papers that showed Al's
practical or conceptual use in life sciences,
agriculture, or environmental management.

The gathered data was qualitatively analyzed to
find important trends, challenges, and new research
paths. Furthermore, in order to bridge traditional
knowledge with contemporary computational
techniques, comparative insights were drawn from
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both classical botanical literature and current

technological studies.

4. Research Work and Discussion

AD’s integration into botany has shifted research

from descriptive to predictive science. Following

are some major areas where current research is
focused:

1. High-Throughput Plant Phenotyping
Al-powered imaging systems automatically
measure plant height, leaf area, chlorophyll
content, and flowering time. These systems
reduce manual labor and allow faster
phenotypic screening in breeding programs.

2. Al in Phytochemistry and Drug Discovery
Al models simulate chemical interactions of
plant-derived compounds with biological
targets, accelerating the discovery of novel
plant-based drugs. Machine learning also
predicts the pharmacological activity and
toxicity of natural compounds.

3. Smart Greenhouses and Climate Control
Neural  network—based  automation in
greenhouses adjusts temperature, humidity, and
CO: concentration for optimal plant growth.
These systems ensure year-round production
and minimize resource waste.

4. Al-Driven Ecological Modeling
Machine learning predicts ecosystem changes
in response to climate stress, enabling better
planning for conservation and restoration
efforts.

5. Al and Citizen Science
Mobile applications integrated with Al allow
citizens to record and identify plant species,
contributing data for biodiversity research. This
democratization of science promotes public
engagement and awareness.

Challenges and Limitations:

Despite its promise, Al adoption in botany faces

challenges:

e Limited access to large, annotated biological
datasets.

e High  computational
infrastructure costs.

e Lack of standardized protocols for data sharing.

e FEthical issues in data ownership and
algorithmic transparency.

Addressing these limitations requires

interdisciplinary  collaboration  between plant

biologists, computer scientists, data engineers, and

policymakers.

requirements  and

5. Research Gaps and Challenges
Despite rapid progress, the field faces several
significant challenges identified in the literature:

e Data Scarcity and Bias: Many high-
performing Al models require large, annotated
datasets. These are often unavailable for rare,
endangered, or understudied plant species, as
well as for crops predominantly grown in the
developing world. This creates a "data bias"
that can perpetuate global inequalities.

e The ™"Black Box™ Problem: The inner
workings of complex DL models are often
opaque. For a plant pathologist or a farmer,
understanding why a model diagnosed a
specific disease is crucial for trust and
actionable intervention. The field needs more
research into Explainable Al (XAl) for
botanical applications.

e Computational and Expertise Barriers: The
infrastructure and expertise required to develop
and train state-of-the-art Al models are
substantial, creating a barrier to entry for
smaller research institutions and farmers in
low-income countries.

e Integration and Standardization: A siloed
approach persists. For maximum impact, Al
tools need to be integrated into seamless
workflows that combine genomics, phenomics,
and environmental data, which requires
standardized data formats and interoperable
platforms.

6. Proposed solutions

To address the challenges identified in integrating
Artificial  Intelligence  with  botanical and
environmental research, several strategic solutions
are proposed. Establishing open-access and
standardized biological databases can greatly
enhance data availability for machine learning
applications and ensure reproducibility of results.
Encouraging interdisciplinary collaboration
between botanists, computer scientists, data
engineers, and environmental policymakers will
promote innovation and practical implementation
of Al-driven models in plant sciences. Investment
in capacity-building and digital literacy programs
for researchers and students can bridge the skill gap
and facilitate effective use of Al tools.

Furthermore, the development of ethical and
transparent data governance frameworks s
essential to maintain data security, intellectual
property rights, and algorithmic accountability.
Government and institutional support for research
funding, technology incubation centers, and Al-
integrated  agricultural  platforms  will  also
accelerate sustainable innovation. Collectively,
these measures will foster a responsible, inclusive,
and result-oriented adoption of  Artificial
Intelligence in advancing green technologies and
botanical research.
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7. Conclusion

The convergence of Artificial Intelligence and
Botany has opened transformative pathways for
sustainable  development and environmental
conservation. Al enables botanists to analyze vast
and complex biological data, automate plant
identification, enhance breeding efficiency, and
predict ecological trends. It promotes precision
agriculture, smart farming, and eco-efficient
technologies that minimize waste and maximize
productivity.

Moving forward, the focus should be on developing
explainable Al (XAI) models that provide
transparent, interpretable results for biologists.
Open-access databases, global collaboration, and
ethical data governance will further strengthen the
role of Al in plant sciences.

The path forward requires a collaborative effort
among computer scientists, botanists, ecologists,
farmers, and policymakers. Future research must
prioritize the development of more transparent,
explainable, and accessible Al tools. By proactively
addressing these challenges, we can steer this
powerful technological synergy toward a future that
is not only more efficient and productive but also
more equitable and sustainable. The Al-driven
botanical revolution holds the key to cultivating a
healthier planet for generations to come.

Ultimately, the fusion of Al and botany represents
more than a technological evolution—it embodies a
paradigm shift toward data-driven, sustainable, and
intelligent green innovation that harmonizes
technology with nature.

Acknowledgement

The author also acknowledges the use of ChatGPT
(OpenAl, 2025) and DeepSeek (2025) as assistive
Al tools that contributed to language refinement,
structural organization, and reference alignment
during the preparation of this manuscript. Special
appreciation is extended to colleagues and mentors
whose valuable suggestions and insights helped in
enhancing the overall quality of this research paper.

References

1. Kamilaris, A., & Prenafeta-Bolda, F. X.
(2018). Deep learning in agriculture: A
survey. Computers and Electronics in
Agriculture, 147, 70-90.

https://doi.org/10.1016/j.compag.2018.02.016
Mohanty, S. P., Hughes, D. P., & Salathé, M.
(2016). Using deep learning for image-based
plant disease detection. Frontiers in Plant
Science, 7, 14109.

Montesinos-Lopez, O. A., Montesinos-Lopez,
A., Pérez-Rodriguez, P., Barron-Lopez, J. A,
Martini, J. W. R., Fajardo-Flores, S. B, ... &
Crossa, J. (2021). A review of deep learning
applications for genomic selection. BMC
Genomics, *22*(1), 1-23.
https://doi.org/10.1186/s12864-021-07524-0
Singh, A., Ganapathysubramanian, B., Singh,
A. K., & Sarkar, S. (2016). Machine learning
for high-throughput stress phenotyping in
plants. Trends in Plant Science, 21(2), 110-
124.

Singh, A., Ganapathysubramanian, B., Singh,
A. K., & Sarkar, S. (2016). Machine learning
for high-throughput stress phenotyping in
plants. Trends in Plant Science, *21*(2), 110—
124.
https://doi.org/10.1016/j.tplants.2015.10.015
United Nations, Department of Economic and
Social ~ Affairs, Population Division
(2019). World Population Prospects 2019:
Highlights (ST/ESA/SER.A/423).

Varshney, R. K., Bohra, A., Roorkiwal, M., et
al. (2021). Applications of next-generation
genomics and Al in crop improvement. Trends
in Biotechnology, 39(12), 1259-1271.
Waildchen, J., & Mader, P. (2018). Plant
species identification using computer vision
techniques: A systematic literature review.
Archives of Computational Methods in
Engineering, 25, 507-543.

Xu, C.,, Li, J.,, & Zhang, Z. (2020). Al in
ecosystem management: Opportunities and
challenges. Ecological Informatics, 60,
101162.

National Conference on Multidisciplinary Perspectives In Artificial Intelligence

(NCMPAI-2025) November 11, 2025

448



