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Abstract 

Plant tissue culture represents a pivotal tool in plant biotechnology, facilitating in-vitro regeneration, 

genetic transformation, and large-scale propagation of plant species under aseptic and controlled 

environmental conditions. Traditional tissue culture practices, however, are constrained by empirical trial-

and-error methods, considerable labor demands, and variability in outcomes. The integration of Artificial 

Intelligence (AI), encompassing machine learning (ML), deep learning (DL), and optimization algorithms, 

has emerged as a transformative approach to address these limitations and enhance experimental precision, 

reproducibility, and efficiency. 

This article critically examines the diverse applications of AI in plant tissue culture. AI-driven image 

analysis employing convolutional neural networks (CNNs) enables automated monitoring of explant 

development, callus induction, and contamination detection with high accuracy. Machine learning models 

such as artificial neural networks (ANNs), genetic algorithms (GAs), and support vector machines (SVMs) 

have been successfully implemented to predict and optimize key culture variables, including nutrient 

composition, phytohormone concentrations, and environmental parameters. Predictive modeling further 

allows for the estimation of regeneration success rates and identification of critical determinants 

influencing morphogenesis and somatic embryogenesis. Additionally, the integration of AI with 

automation and robotic systems has advanced large-scale micropropagation, enhancing throughput and 

standardization. 

The convergence of AI with the Internet of Things (IoT) and data analytics presents a pathway toward 

self-regulating, intelligent biolaboratories capable of real-time optimization. Despite challenges related to 

data quality, cost, and interdisciplinary implementation, AI offers significant promise in redefining plant 

tissue culture through enhanced decision-making, reduced experimental variability, and sustainable 

scalability. Collectively, AI-driven innovations are poised to revolutionize plant biotechnology, ensuring 

more precise, efficient, and resilient systems for global agricultural advancement. 
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Introduction 

Plant tissue culture is a cornerstone of modern plant biotechnology: a technique in which plant cells, 

tissues or organs are grown in vitro under sterile and controlled conditions, thereby enabling regeneration 

of whole plants (via organogenesis or somatic embryogenesis) for purposes such as micropropagation, 

germplasm conservation, and genetic modification. Traditional tissue culture often depends on trial-and-

error experimentation, which is time-consuming, resource-intensive and heavily reliant on skilled human 

technicians. 

In recent years, the rapid development of artificial intelligence (AI) — encompassing machine learning 

(ML), deep learning (DL), and other data-driven algorithms — has begun transforming the field of plant 

tissue culture. By integrating AI into tissue culture workflows, researchers and commercial operations can 

enhance efficiency, precision and reproducibility. This article explores how AI is reshaping the field via 

automation, optimisation and predictive analytics. 

Applications of AI in Plant Tissue Culture 

Image Analysis and Monitoring 

One of the most immediate and practical applications of AI in plant tissue culture is automated image 

analysis. In conventional workflows, researchers visually monitor cultures to assess growth, detect 

contamination and evaluate morphological changes — processes that are subjective and labour-intensive. 

AI-based image-recognition systems, often based on convolutional neural networks (CNNs), can 

automatically classify tissue types, detect contaminations, and measure callus growth with high accuracy.  

Such systems can process large sets of microscopic or macroscopic images of explants or cultures to 

determine growth stage, enable real-time monitoring of culture development, and detect subtle changes 

such as early microbial infection or stress responses that might escape human observation. 

Optimisation of Culture Conditions 

Optimising the composition of culture media is one of the most challenging aspects of tissue culture. 

Factors such as plant growth regulators (auxins, cytokinins), nutrient concentrations, temperature, light 

intensity and pH interact in complex, non-linear ways. Traditional optimisation relies heavily on factorial 

experiments and trial-and-error, which can take months or years for a new species. 

AI offers a smarter alternative. Machine-learning models such as artificial neural networks (ANNs), 

support vector machines (SVMs), and genetic algorithms (GAs) can predict the ideal combination of 

culture conditions to maximize growth or regeneration. For example, in a study on callus induction in 

Petunia, a GRNN (generalised regression neural network) combined with a GA (genetic algorithm) was 

used to identify optimal phytohormone concentrations, yielding a callus-formation rate of ~95.8 %. 

PubMed In another review, AI-OA (artificial intelligence and optimisation algorithms) were shown to be 

promising computational tools in plant tissue culture, enabling prediction and optimisation of micro-shoot 

or root number, biomass in hairy-root culture, and regrowth rates. PubMed 

Predictive Modelling and Data-Driven Insights 

AI excels at discovering hidden patterns in large datasets — a capability particularly useful for tissue 

culture research where many interacting variables exist. By training deep-learning or decision-tree models 

on experimental data, scientists can predict the likelihood of successful regeneration or somatic 

embryogenesis under specific conditions, or forecast how different genotypes or explant types might 

respond to treatments. 

For example, a study on the aquatic plant Lilaeopsis brasiliensis used response surface methodology 

(RSM) for optimisation, and then applied machine-learning algorithms for prediction and validation. They 

found that a multilayer-perceptron (MLP) model predicted better than a random-forest (RF) model for 
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regeneration outcomes. SpringerLink Such approaches allow researchers to prioritise the most promising 

experimental conditions before physically running them, cutting down wasted time and resources.  

Automation and Robotics 

AI is also driving the automation of physical tasks in plant tissue culture laboratories. Robotic arms guided 

by AI vision systems can handle explant transfer, media dispensing and sub-culturing operations with high 

precision. Automated systems can standardise procedures, reduce contamination risk and operate 

continuously, thereby improving productivity in commercial micropropagation facilities. Tissue Culture 

Network+1 

In such setups, AI-driven robotic platforms can be integrated with sensors and Internet-of-Things (IoT) 

devices that monitor temperature, humidity and light in real-time and adjust conditions automatically to 

maintain optimal growth environments. 

Data Management and Decision-Support Systems 

Tissue culture experiments generate large volumes of heterogeneous data (explants, media compositions, 

growth measurements, imaging). AI-powered data-management platforms can organise, interpret and 

visualise this data effectively. Decision-support systems (DSS) built on AI can assist researchers in 

designing experiments, selecting variables and predicting outcomes based on prior results. These systems 

help avoid redundant experiments and guide researchers toward the most efficient experimental paths. 

MDPI+1 

Benefits of Integrating AI into Tissue Culture 

The integration of AI into plant tissue culture brings numerous advantages: 

 Efficiency: AI accelerates experimental design and optimisation, reducing time to develop new 

protocols. 

 Accuracy: Automated systems eliminate human subjectivity and error in monitoring and data 

collection. 

 Cost-effectiveness: Reduced trial-and-error experiments save on reagents, labor and time. 

 Scalability: AI-driven automation enables high-throughput propagation of plantlets at commercial 

scale. 

 Innovation: Data-driven insights open new opportunities for discovering plant physiological 

responses and optimizing culture protocols for non-model species. 

Challenges and Future Prospects 

Despite its promise, integrating AI into plant tissue culture faces several challenges. Reliable AI models 

require large, high-quality datasets — something that is not always available in specialized biological 

fields. Data standardisation across labs remains a key hurdle. Moreover, setting up AI and robotic systems 

requires considerable investment and interdisciplinary expertise (plant science + computer vision + data 

analytics). PubMed+1 

Nevertheless, the future is bright. As data-collection becomes more automated and affordable, AI will 

become even more powerful. The convergence of AI with IoT, robotics and high-throughput imaging 

could lead to fully autonomous culture systems capable of optimizing conditions dynamically. Such 

“intelligent biolabs” may revolutionise agricultural biotechnology, enabling rapid propagation of disease-

resistant or climate-resilient crops at unprecedented scales. 
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Conclusion 

Artificial Intelligence is emerging as a powerful ally in the field of plant tissue culture. By automating 

observation, optimizing culture conditions, predicting outcomes and managing data, AI enhances both the 

efficiency and scientific rigor of plant biotechnology workflows. While challenges remain in data quality 

and infrastructure, the integration of AI promises a future where plant tissue culture becomes faster, 

smarter and more sustainable. As technology continues to evolve, AI-driven tissue culture stands to play 

a pivotal role in addressing global challenges related to food security, biodiversity conservation and 

sustainable agriculture. 
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