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Agriculture and plant sciences face unprecedented challenges due to climate change, population growth,
and resource scarcity. Artificial Intelligence (Al) and Machine Learning (ML) have emerged as
transformative technologies, enabling precision farming, early disease detection, yield prediction, and
enhanced plant phenotyping. This review synthesizes recent advancements, drawing from diverse
applications such as convolutional neural networks (CNNs) for image-based disease. identification,
predictive analytics for crop optimization, and loT-integrated systems for real-time monitoring. Key
benefits include reduced crop losses, optimized resource use, and improved. food security. However,
challenges like data privacy, model interpretability, and integration barriers persist. By examining literature
from 2023-2025, this paper highlights Al's role in sustainable agriculture, including genomics, stress
detection, and robotics. Future directions emphasize interdisciplinary collaboration and robust Al
frameworks to address global agricultural demands.
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[. Introduction

The global agricultural sector is under pressure to produce more food with fewer resources amid
escalating environmental concerns. Traditional farming methods often rely on manual inspection and
generalized practices, leading to inefficiencies and substantial losses—estimated at 30-33% from
pests and diseases alone [1]. Al and ML offer data-driven solutions to these issues, revolutionizing
decision-making through automation and predictive insights [2]. Recent advancements integrate Al
with IoT, robotics, and big data analytics to enable precision agriculture, where inputs like water,
fertilizers, and pesticides are optimized at a granular level [3]. In plant sciences, Al accelerates
research in genomics, phenotyping, and stress response analysis, fostering resilient crop varieties
[4]. This paper reviews key applications, challenges, and future avenues.
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II. Literature Review

Recent scholarly works underscore Al's evolving role in agriculture. A comprehensive review
highlights AI's applications in enhancing agricultural produce properties, such as predicting moisture
content and yield using ML models like artificial neural networks (ANNs) and support vector
machines (SVMs), achieving accuracies over 97% [2,5]. Another study explores Al's revolution in
plant sciences, emphasizing CNNs for species identification and disease diagnosis, alongside big data
for yield optimization [4,6]. ML /Al technologies are poised to enhance crop production and economic
growth by addressing new questions in sustainability, though challenges like data reliability persist
[7]. In IEEE publications, Al-driven smart farming focuses on disease detection via image processing
and [oT, improving pre-harvest tasks [8]. Trends from 2018-2023 show exponential growth in ML
research, with countries like India and China leading in precision agriculture and disease detection
using CNNs and deep learning [9]. Systematic reviews on crop yield prediction integrate Al for
resource management and climate resilience [10]. These works collectively demonstrate Al's shift
from fuzzy logic to deep learning, transforming farming systems [11].

[1I. Applications in Agriculture

A. Precision Farming

Precision agriculture leverages Al to optimize field management. ML models analyze satellite
imagery, sensor data, and weather patterns for targeted irrigation and fertilization, conserving
resources and boosting yields [12]. For instance, loT-based systems with gradient boosting
algorithms schedule irrigation, reducing water usage by up to 30% [13]. Robotics, powered by Al,
automate tasks like weeding and harvesting, addressing labor shortages [14].

B. Crop Disease Detection and Management

Al excels in early disease detection through image analysis. Predetermined steps include image
acquisition, preprocessing, segmentation, feature extraction, and classification using CNNs like
VGG16 or ResNet, achieving 99% accuracy in crops like tomatoes and potatoes [1,15]. ML techniques
such as SVM and random forests classify diseases from leaf images, minimizing pesticide use and crop
losses [16]. Drones with Al enable real-time monitoring, revolutionizing pest management [17].

C.Yield Prediction and Optimization

Predictive models use historical data, soil parameters, and climate variables to forecast yields. DL
architectures like LSTM and ensemble methods (e.g., random forests) provide accurate predictions,
aiding decision-making for sustainable practices [18]. Al optimizes post-harvest processes, such as
grading fruits with CNNs for 99.8% accuracy in packaging [2,19].

D. Soil and Water Management

Al analyzes soil health via sensors and ML, recommending optimal crops based on conditions.
Advanced systems use ANN for fertilizer management, enhancing sustainability [20].

IJCRTBJ02003 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | 10


http://www.ijcrt.org/

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 12 December 2025 | ISSN: 2320-2882

IV. Applications in Plant Sciences
A. Plant Phenotyping

Al automates phenotyping by measuring traits like biomass and height using computer vision and
DL. Open-source repositories accelerate Al adoption, closing gaps in agricultural Al [21]. ML models
integrate genomics data for trait prediction, speeding breeding [4,22].

B. Genomics and Breeding

In plant breeding, Al analyzes genetic datasets with random forests and GAs to develop resilient
varieties. Predictive analytics forecast traits under climate stress, supporting food security [23].

C. Stress Detection

DL models like RNN and LSTM identify drought stress via protein domain analysis and image data,
enabling timely interventions [24]. Al complements seed priming technologies for better
germination under stress [23,25].

V. Challenges and Future Directions

Despite advancements, challenges include data scarcity, algorithmic biases, and ethical issues like
privacy [4, 26]. Interpretability of models remains a hurdle, requiring explainable Al (XAI) [27].
Future research should focus on IoT standardization, regulatory frameworks, and advanced
technologies like hyperspectral imaging and autonomous tractors [9,28]. Interdisciplinary efforts
will enhance Al's robustness for global adoption.

VI. Conclusion

Al and ML are pivotal in advancing agriculture and plant sciences, offering tools for efficiency,
sustainability, and resilience. By addressing current limitations, these technologies can ensure food
security for a growing population.
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