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ARTIFICIAL INTELLIGENCE IN PLANT SCIENCE
REVOLUTION OR RESEARCH TOOL?

Al empowers plant science by transforming diverse data into actionable insights
for sustainable agriculture and food security

DIVERSE DATA SOURCES APPLICATIONS & IMPACT
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Abstract

Artificial intelligence (AI) has rapidly emerged as one of the most transformative technologies across scientific disciplines, including plant
science. Recent advances in machine learning, deep learning, computer vision, and large language models have expanded the possibilities for plant
phenotyping, crop improvement, disease detection, precision agriculture, and scientific knowledge synthesis. While Al is often presented as a
revolutionary force capable of fundamentally changing biological research, its actual role in plant science remains a subject of debate. This opinion
article examines whether Al should be viewed as a scientific revolution or primarily as an advanced research tool. We argue that Al currently
functions as a powerful methodological framework that enhances data analysis, prediction, and decision-making rather than replacing biological
understanding. The future impact of Al will depend on the quality of biological data, interdisciplinary collaboration, model transparency, and
responsible implementation. Rather than transforming plant science independently, Al is most likely to accelerate discoveries when integrated with
traditional experimental approaches and domain expertise.
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Introduction

Plant science is entering an era characterized by unprecedented
volumes of biological, environmental, and agronomic data. Advanc-
es in genomics, transcriptomics, proteomics, metabolomics, remote
sensing, and high-throughput phenotyping have generated datasets
of a scale that often exceed the analytical capacity of conventional
statistical methods. At the same time, agriculture faces major chal-
lenges associated with climate change, biodiversity loss, emerging
pathogens, and increasing demands for food production [1].

Artificial intelligence has emerged as a promising solution to
these challenges. Machine learning algorithms can identify complex
patterns within large datasets, generate predictive models, and
support decision-making processes across diverse areas of plant
research. Figure 1 summarizes the conceptual pathway through
which Al converts large-scale biological and environmental data
into scientific and societal benefits. From automated disease recog-
nition using smartphone images to genomic prediction in breeding
programs, Al applications have expanded rapidly during the last
decade [2].

The enthusiasm surrounding Al has led some researchers to
describe it as a technological revolution comparable to the advent
of molecular biology or genome sequencing. Others argue that Al
remains fundamentally a computational tool whose effectiveness
depends entirely on the quality of experimental data and biologi-
cal interpretation. This distinction is important because scientific
progress requires not only improved prediction but also a deeper
understanding of biological mechanisms.

This opinion article explores the current and future role of arti-
ficial intelligence in plant science and discusses whether Al should
be considered a revolutionary paradigm shift or an advanced re-
search tool supporting traditional scientific inquiry [2,3].

The Growing Influence of Artificial Intelligence in

Plant Science

The integration of Al into plant science has been driven by sev-
eral converging trends.

First, technological advances have dramatically reduced the
cost of data generation [4]. Modern breeding programs routine-
ly generate genomic datasets containing thousands of molecular
markers, while drones and satellite platforms continuously col-
lect environmental and phenotypic information at multiple spatial
scales [2].

Second, computational resources have become increasingly
accessible. Cloud computing and open-source machine learning
frameworks allow researchers to develop sophisticated analytical
models without requiring specialized hardware infrastructure [5].

Third, advances in deep learning have substantially improved
the performance of image-based analyses. Computer vision sys-
tems can now identify plant diseases, estimate biomass, classify
species, monitor crop growth, and detect stress symptoms with lev-
els of accuracy that often approach or exceed human performance
under controlled conditions.

These developments have transformed Al from a niche analyt-
ical approach into a central component of modern plant research.
The expanding role of Al in plant science can be viewed as a multi-
stage process linking data acquisition, advanced computational
analysis, scientific discovery, and practical agricultural outcomes.
As illustrated in Figure 1, artificial intelligence serves as an inte-
grative framework that transforms diverse biological and environ-
mental datasets into actionable knowledge supporting crop im-
provement, plant health management, and sustainable agricultural
development.

Artificial Intelligence as an Accelerator of Scientific Discovery

Figure 1: Conceptual framework: From Data to Sustainable Agriculture through Al.

These opportunities are becoming increasingly evident across
several key areas of plant science, including phenotyping, plant

breeding, precision agriculture, and knowledge discovery.
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Opportunities Created by Artificial Intelligence
Accelerating Plant Phenotyping

One of the most successful applications of Al in plant science is
high-throughput phenotyping. Traditional phenotypic assessments
are labor-intensive, subjective, and often limited in scale. Al-pow-
ered image analysis enables automated measurement of plant traits
such as leaf area, canopy architecture, growth dynamics, flowering
time, and stress responses [6]. Computer vision approaches can
process thousands of images within minutes, providing standard-
ized measurements that improve reproducibility and reduce hu-
man bias. This capability is particularly valuable for large breeding
programs and ecological studies involving extensive experimental
populations [7,8].

Improving Plant Breeding

Plant breeding increasingly relies on predictive approaches
that integrate genomic and phenotypic information. Machine learn-
ing algorithms can analyze complex genotype-phenotype relation-
ships and identify patterns that may be difficult to detect using
conventional statistical methods [1]. Genomic prediction models
supported by Al have the potential to accelerate the selection of
superior genotypes, reduce breeding cycle duration, and improve
the efficiency of crop improvement programs. Such approaches
may become especially important in developing cultivars adapted
to changing climatic conditions [9,10].

Supporting Precision Agriculture

Precision agriculture represents another area in which Al is
expected to have substantial impact. By integrating data from sen-
sors, weather stations, satellites, drones, and field observations,
Al systems can optimize irrigation, fertilization, and pest manage-
ment strategies [2,4]. The resulting improvements in resource-use
efficiency may contribute to more sustainable agricultural systems
while reducing environmental impacts associated with excessive
inputs. In regions experiencing water scarcity or climate-related
stress, Al-driven decision support systems could become increas-
ingly valuable [5].

Enhancing Knowledge Discovery

The recent emergence of generative Al and large language mod-
els introduces new possibilities for scientific research [2]. These
systems can assist researchers in literature exploration, data or-
ganization, hypothesis generation, and scientific writing. For plant
scientists facing rapidly expanding literature, Al-based tools may
improve access to knowledge and facilitate interdisciplinary collab-
oration. Such applications could help researchers identify emerg-
ing trends and knowledge gaps more efficiently than traditional
approaches [11].

The Limitations of Artificial Intelligence

Despite its impressive capabilities, Al faces significant limita-
tions that are often overlooked in discussions emphasizing techno-
logical optimism [1].
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Data Quality Remains the Critical Factor

The accuracy of Al models depends fundamentally on the qual-
ity of the underlying data. Incomplete, biased, or poorly curated
datasets can lead to inaccurate predictions regardless of algorith-
mic sophistication [2]. Many plant science datasets remain geo-
graphically restricted, environmentally specific, or experimentally
heterogeneous. Models trained under controlled conditions may
perform poorly when applied in real-world agricultural systems
characterized by high environmental variability [12]. Consequently,
the principle of “garbage in, garbage out” remains highly relevant in
Al-assisted plant research.

Prediction Does Not Equal Understanding

A central limitation of many Al approaches is their emphasis
on prediction rather than explanation. Deep learning models often
function as “black boxes” whose internal decision-making process-
es remain difficult to interpret [12]. While a model may accurate-
ly predict disease occurrence or crop yield, it may provide limited
insight into the biological mechanisms responsible for these out-
comes. Scientific progress ultimately depends on understanding
causal relationships rather than merely identifying statistical as-
sociations. Therefore, Al should complement rather than replace
hypothesis-driven experimentation.

Reproducibility and Transparency Challenges

Reproducibility represents a persistent concern in Al research.
Model performance can vary depending on training datasets, pa-
rameter selection, computational environments, and evaluation
procedures. The lack of standardized reporting frameworks fur-
ther complicates comparisons among studies. Without transparent
methodologies and open data practices, the reliability and general-
izability of Al-based findings may be difficult to assess.

Risks Associated with Generative Al

Large language models have introduced additional concerns
related to scientific integrity. Although these systems can support
literature synthesis and scientific communication, they may gen-
erate inaccurate statements, fabricated references, or misleading
interpretations. Researchers must therefore maintain critical over-
sight when using generative Al tools. Scientific expertise remains
essential for evaluating the accuracy and relevance of Al-generated
content.

Revolution or Research Tool?

The question posed in the title of this article reflects a broader
debate occurring across scientific disciplines. Is Al fundamentally
transforming plant science, or is it simply providing researchers
with more powerful analytical tools? At present, the evidence sug-
gests that Al functions primarily as an enabling technology rather
than an independent scientific revolution. Unlike transformative
discoveries such as DNA structure elucidation or genome sequenc-
ing, Al does not directly reveal new biological principles. Instead,
it enhances our ability to analyze complex datasets and identify
patterns within them. Nevertheless, the cumulative impact of these

Page 3 of 5


http://dx.doi.org/10.33552/MCMS.2026.08.000680

Modern Concepts in Material Science Volume 8-Issue 1

improvements may eventually produce revolutionary consequenc-
es. If Al enables researchers to integrate genomic, phenotypic, envi-
ronmental, and management data at unprecedented scales, it could
fundamentally alter how biological questions are investigated and

how agricultural systems are managed (Table 1).

In this sense, Al may not be a revolution in itself but rather a
catalyst that accelerates scientific and technological transformation
[13].

Table 1: Why artificial intelligence is both a transformative opportunity and a scientific challenge in plant science.

Al can analyze datasets at unprecedented scales

Al depends entirely on human-generated data

Al improves prediction accuracy across many applications

Prediction does not equal biological understanding

Al accelerates breeding and phenotyping workflows

Experimental validation remains essential

Al supports autonomous monitoring systems

Models often lack interpretability

Al enables integration of multi-source datasets

Results are highly sensitive to data quality

Al may transform agricultural decision-making

Human expertise is required for implementation and interpretation

Al-powered systems continue to improve rapidly

Current systems cannot independently formulate and verify biological
theories

Future Perspectives

The future role of Al in plant science will likely depend on sev-
eral key developments.

First, greater emphasis must be placed on explainable Al ap-
proaches capable of linking predictive performance with biological
interpretation. Understanding why a model makes a prediction is
often as important as the prediction itself [9].

Second, improved data-sharing initiatives and standardized
databases will be essential for developing robust and transferable
models. International collaboration will play a crucial role in gen-
erating datasets that capture diverse environmental and genetic
conditions [10].

Third, interdisciplinary education should become a priority [4].
Future plant scientists will increasingly require competencies in
data science, programming, and computational biology alongside
traditional expertise in genetics, physiology, ecology, and agronomy.

Finally, ethical and responsible Al implementation should re-
main central to technological development. Transparency, repro-
ducibility, and scientific integrity must guide the integration of Al
into research and agricultural practice [5].

Conclusion

Artificial intelligence has become an influential component of
modern plant science and offers significant opportunities for ad-
vancing research, breeding, phenotyping, and precision agricul-
ture. However, current evidence suggests that Al should be viewed
primarily as a powerful research tool rather than an autonomous
scientific revolution. Its effectiveness remains dependent on
high-quality data, biological expertise, and rigorous experimental
validation. The greatest value of Al lies not in replacing scientists
but in augmenting their capacity to analyze complexity, generate
hypotheses, and make informed decisions. The future of plant sci-
ence will likely be shaped not by artificial intelligence alone, but by

the productive integration of Al technologies with biological knowl-
edge, experimental research, and human creativity. In this context,
Al is neither merely a tool nor entirely a revolution—it is an accel-
erator of scientific discovery whose ultimate impact remains to be
determined.
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