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ABSTRACT 

Artificial Intelligence (AI) has revolutionised various fields and plant 

science is no exception. In recent years, AI techniques, particularly deep 

learning, have emerged as powerful tools for advancing plant science 

research. This paper explores the transformative potential of integrating 

multi-omics data and AI in plant science research, phenotyping, etc., 

providing a comprehensive and high-throughput approach to 

understanding and application to agriculture and plant biology.  The 

advantages, limitations and future prospects of this tool to the study of 

plants are discussed. 

 

https://dx.doi.org/10.4314/njbot.v37i1.5  

Open Access article distributed under the terms of Creative Commons 

License (CC BY-4.0) 
 

1.0          INTRODUCTION 

Artificial intelligence refers to computer systems capable of performing complex 

tasks that previously could only be performed by humans. The integration of 

artificial intelligence (AI) in botany has revolutionised the field of plant 

identification and classification (Nanayakkara, 2021). With the help of machine-

learning algorithms and image-recognition techniques, AI-assisted plant 

identification can accurately classify plant species, facilitating research and 

conservation efforts (Ledford, 2017). These advancements in AI technology have 

enabled the accurate and efficient classification of thousands of herbarium samples, 

making plant identification more accessible and reliable for botanists and 

researchers. 

Artificial intelligence has also played a crucial role in advancing data analysis 

and plant genome sequencing in botany research (Anon, 2024a). By processing 

massive datasets related to plant genetics, AI accelerates genetic research by 

identifying patterns and relationships within the data (Jafar et al., 2024). This data-

driven approach has significantly enhanced our understanding of plant structural 

organisation, functional complexities and genetic relationships, providing valuable 

insights for uncovering the mysteries of plant genomics (Hong et al., 2023).  

https://dx.doi.org/10.4314/njbot.v37i1.5
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Furthermore, AI applications in drug discovery have also benefited from the 

identification, classification and activity prediction of natural products using AI 

technologies (Ralhan, 2024). 

In the realm of ecosystem monitoring and conservation, artificial intelligence 

offers ground-breaking applications in plant science (Williamson et al., 2021). AI 

algorithms can be trained to monitor, identify and track plant species, contributing to 

ecological conservation efforts and biodiversity preservation (Nanayakkara, 2021; 

Thompson, 2023). By analysing vast amounts of data, AI assists scientists in 

monitoring ecosystems, spotting trends and identifying areas that require 

conservation action. The use of AI in plant-monitoring not only enhances wildlife 

conservation efforts but also aids in combating biodiversity loss and promoting 

sustainable ecosystem management (Stanly, 2023; Anon 2024d). 

Botany or Plant science encompasses a wide range of disciplines, from 

genetics and physiology to ecology and agriculture. In recent years, Artificial 

Intelligence (AI) has emerged as a transformative force in various scientific domains. 

In the field of plant science, AI has proven to be a valuable tool, accelerating 

research, improving efficiency and enabling breakthroughs. This article explores the 

multi-faceted applications of AI  in plant science study and research, ranging from 

dry laboratory analyses to applications in controlled environments, plant 

phenotyping, genetic engineering, drug discovery, food security, ecology, etc. 

 

2.0 Improving Plant Research with AI Technology 

Artificial intelligence (AI) technology plays a crucial role in enhancing crop yield 

and disease detection in botany studies and research (Sujawat, 2021). By utilising AI 

algorithms and image recognition systems, researchers can develop models to 

identify crop diseases and insect infestations accurately (Tirkey et al., 2023). These 

advanced methodologies not only improve the accuracy and efficiency of disease 

detection but also aid in optimising plant growth and health (Shoaib et al. 2023). For 

instance, the use of Convolutional Neural Network (CNN) models has shown 

remarkable success in identifying various crop diseases, showcasing the potential of 

AI in revolutionising plant research and agriculture (Rajvanshi and Chin, 2024). The 

ability of AI technology to diagnose plant diseases, pests and malnutrition on farms, 

as well as detect and identify weeds through AI sensors, highlights its significant 

impact on improving plant health and overall crop productivity. 

AI technology enables predictive modeling for assessing the impact of 

climate change on plant life, providing valuable insights into weather patterns, 

agricultural conditions and plant diseases (Javaid et al., 2023). By analysing vast 

amounts of data, AI can predict climate change effects on crops, land quality, 

groundwater levels and crop cycles, helping researchers and farmers adapt to 

changing environmental conditions effectively (Cho, 2018). Research conducted has 

set the foundation for using artificial intelligence predictions in rice and other crops, 

demonstrating the potential of AI technology in aiding agricultural practices and 

enhancing crop resilience to environmental challenges (Berebitsky, 2024). The 

integration of AI in predicting climate-change impacts on plant life signifies a 

significant advancement in leveraging technology to address environmental concerns 

and protect agricultural sustainability. 
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Automation of fieldwork and data collection processes in botany studies is 

significantly enhanced through the application of AI technology, streamlining 

research activities and promoting efficiency (Cook, 2024). As researchers explore 

complex data sets, AI serves as a valuable collaborator, expediting data analysis and 

enhancing the understanding of intricate botanical information (Gill, 2016). AI's role 

in automating fieldwork tasks, such as data collection, monitoring plant growth and 

analysing environmental factors, not only saves time and resources but also enables 

researchers to focus on more in-depth analysis and experimentation (Rayhan and 

Rayhan, 2023). The incorporation of AI in botany research extends beyond scientific 

endeavours into various aspects of agriculture and environmental sustainability, 

reshaping how food is grown, environmental challenges are addressed and plant-

related research is conducted (Swanson, 2024). 

 

2.1 Precision Agriculture: AI technologies such as machine learning and 

computer vision can be used to analyse data from sensors, drones and satellites to 

monitor crop health, optimise irrigation and predict yields. This helps farmers make 

informed decisions and improve crop productivity. 

 

I.  Data-driven decision-making in Crop management: AI algorithms can process 

large amounts of data collected from sensors, drones, satellites and other sources 

to provide insights and recommendations for farmers. AI can optimise crop 

management practices by analysing environmental data and recommending the 

best planting times, fertilizer application rates and harvesting strategies. This 

helps optimise inputs such as water, fertilizers and pesticides, leading to 

increased efficiency and reduced waste; 

II. Crop monitoring and management: AI-powered systems can monitor crops in 

real-time, detecting diseases, pests and nutrient deficiencies early. This enables 

farmers to take timely action, improving crop health and yield; 

III.  Predictive analytics: AI can analyse historical data along with current conditions 

to predict future trends such as weather patterns, pest outbreaks and crop yields. 

This information allows farmers to plan ahead and mitigate risks; 

IV.  Autonomous machinery: AI-driven autonomous vehicles and drones can 

perform various tasks such as seeding/planting, spraying and harvesting with 

high precision and efficiency. This increases efficiency, reduces labour costs and 

minimises the environmental impact of farming operations; 

V.  Soil health management: AI can analyse soil samples to determine nutrient 

levels and soil health, enabling farmers to tailor their fertilisation and irrigation 

practices accordingly, and 

VI.  Supply-chain optimisation: AI can optimise the supply chain by predicting 

demand, managing inventory and optimising transportation routes. This helps 

ensure that produce reaches the market in a timely and cost-effective manner. 

 

2.2 Plant Phenotyping: AI can analyse plant traits such as size, shape and colour 

to understand plant growth and development. This information is valuable for 

breeding programmes and crop improvement efforts. 
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I.  Multi-Omics Integration: AI allows the integration of diverse data types, such as 

genomics, transcriptomics, proteomics and metabolomics. By combining these 

“omics” datasets, researchers can unravel intricate relationships within plant 

systems; 

II.  High-Throughput Phenotyping: AI-driven phenotyping platforms enable rapid 

and non-destructive measurements of plant traits. These platforms can handle 

large-scale experiments, providing valuable data for breeding programmes and 

precision agriculture; 

III.  Feature Extraction and Classification: AI algorithms excel at feature extraction 

from images, enabling precise characterisation of plant traits. For instance, leaf 

shape, size, disease symptoms and growth patterns can be accurately identified 

using deep learning models. 

IV.  Predictive Modeling: AI can predict plant responses to environmental changes, 

stressors and genetic modifications. These predictions aid in crop improvement 

and resource-efficient farming practices. Predictive analytics involves analysing 

historical and real-time data, AI can predict factors like weather patterns, pest 

outbreaks and market trends, helping farmers plan planting, harvesting and 

marketing strategies.  

 

2.3 Genomics and Breeding: AI is increasingly playing a significant role in 

genomics and breeding. AI can analyse genomic data to identify genes associated 

with desirable traits, accelerating the breeding process. This accelerates the 

development of crops with improved yields, resilience and nutritional content. AI 

algorithms can also predict the performance of new crop varieties, helping breeders 

make more informed decisions. It is being used to analyse vast amounts of genomic 

data to identify genetic variations associated with desirable traits in plants. This 

information is then used to accelerate the breeding process, developing new varieties 

or breeds with desired characteristics more quickly than traditional methods. AI also 

helps in predicting traits and optimising breeding strategies. 

 

2.4 In a "dry lab" setting, AI refers to the use of artificial intelligence 

techniques, such as machine learning and data analysis, in biological and biomedical 

research that does not involve wet lab experimentation. Here are some ways AI is 

used in dry lab settings: 

I.   Data Analysis: AI can analyse large biological datasets, such as genomics, 

proteomics and transcriptomics data, to identify patterns, biomarkers and 

potential drug targets; 

II.   Drug Discovery: AI algorithms can be used to predict the properties of small 

molecules and their interactions with biological targets. By analysing vast 

chemical datasets, AI contributes to the identification of potential plant-based 

therapies for various ailments, thereby accelerating the drug discovery process; 

III.   Biological Network Analysis: AI can model and analyse complex biological 

networks, such as protein-protein and interaction networks, to understand 

disease mechanisms and identify potential drug targets. 

 

2.5  In Video Graphics: AI-generated graphics aid in visualising complex plant 

processes, making it  easier   for   researchers   and   educators   to   convey   intricate  
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biological mechanisms. This enhances comprehension and facilitates effective 

communication within the scientific community and beyond. 

 

2.6 Publishing: AI streamlines the publishing process by automating literature 

reviews and assisting in manuscript preparation. Researchers can leverage AI tools 

for data visualiation, enhancing the clarity and impact of their findings. 

 

2.7 Seminar Presentations: In seminar presentations, AI-driven tools enhance 

engagement through interactive visuals, data-driven insights and dynamic content. 

This not only captures the attention of the audience but also facilitates a deeper 

understanding of the presented research.  

 

2.8 Listening to Text by the Sight-Impaired: AI technologies contribute to 

inclusivity by converting written content into audio formats, making scientific 

literature accessible to the sight-impaired community. This ensures that 

advancements in plant science reach a broader audience. 

 

3.0 Challenges and Considerations 

 

3.1 Data Quality and Annotation: High-quality data are essential for AI 

models. Proper annotation and curation of plant datasets are critical to achieving 

reliable results. AI's reliance on data can lead to biased outcomes if not carefully 

curated. Researchers must be vigilant to prevent unintentional biases in the training 

data that could compromise the integrity of their findings.  

 

3.2 Interpretable Models: While deep learning models perform exceptionally 

well, their “black-box” nature can hinder interpretability. Efforts are underway to 

develop explainable AI methods for plant science.  

 

4.0 Ethical Considerations and Future Prospects of AI in Plant Research 

As AI becomes more integrated into plant research, ethical considerations related to 

data privacy, bias and transparency must be addressed. Ethical considerations play a 

crucial role in the integration of artificial intelligence (AI) in plant science study and 

research, particularly concerning data privacy and security (Devineni, 2024). As AI 

is being increasingly utilised to assist in plant identification, diagnose plant diseases, 

aid in breeding and genetic research and optimise crop production, ensuring the 

protection of sensitive data becomes paramount (Nanayakkara, 2021). To address 

this, it is essential to establish protocols that ensure the privacy and security of data 

used in AI applications, including implementing robust data encryption methods, 

setting up secure data storage systems and conducting regular security audits and 

providing clear documentation of material provenance for data used in AI 

applications (Williamson et al., 2021). By upholding high standards of data privacy 

and security, researchers can harness the full potential of AI in botany while 

safeguarding sensitive information and maintaining ethical standards. 

The future prospects of artificial intelligence (AI) in botany hold immense 

potential for revolutionising plant research and conservation efforts (Anon, 2024c).  
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AI technologies have already begun to transform the way botanists study and 

understand plant life, influencing various aspects of our lives, from food production 

to environmental conservation (Swanson, 2024). By leveraging AI tools, scientists 

can analyse vast amounts of data, monitor ecosystems and combat biodiversity loss 

(Thompson, 2023). The collaboration between botanists and AI specialists is key to 

unlocking sustainable innovation in plant science, with AI facilitating collection and 

processing of extensive environmental data and conservation efforts for trees and 

plant species (Anon, 2024a). This synergy between botanists and AI experts paves 

the way for ground-breaking discoveries and advancements in plant research, leading 

to more effective conservation strategies and sustainable practices. 

 The integration of artificial intelligence (AI) in botany not only enhances 

research capabilities but also opens up new avenues for collaboration and innovation 

(Kuken, 2023). The ability of A1 to collect and analyse unprecedented volumes of 

data enables plant scientists to delve deeper into understanding plant biology and 

ecosystems, surpassing the limitations of traditional research methods (Williamson et 

al., 2021). By harnessing AI technologies, researchers can identify patterns in plant 

data and make informed decisions for conservation and sustainable practices (Anon, 

2023b). The growing intersection of AI and biological research signifies a shift 

towards more advanced and efficient methodologies in botany study and research 

(Bhardwaj, Kishore and Pandey, 2022). As AI continues to evolve, its application in 

botany holds the promise of unlocking novel insights and solutions to complex 

challenges in plant science, contributing to the advancement of sustainable practices 

and conservation efforts (Sala, Lobel and Maloney, 2023). 

5.0             CONCLUSION 

In conclusion, AI stands as a transformative force in advancing plant science 

research, offering unprecedented insights and efficiencies. As the field continues to 

evolve, researchers must embrace these technologies responsibly being mindful of 

potential challenges and ethical considerations. The synergy between AI and plant 

science holds great promise for addressing global challenges related to agriculture, 

environment and human well-being. 

Artificial intelligence holds immense promise for advancing plant science. By 

leveraging AI tools, researchers can unlock new insights, enhance crop productivity 

and contribute to sustainable agriculture. The integration of artificial intelligence in 

botany study and research has opened up new avenues for innovation and 

advancement in the field. From enhancing plant identification and classification to 

improving crop yield and disease detection, AI technology has proven to be a 

valuable tool for plant researchers. With the potential for predictive modeling on 

climate change impacts and automation of fieldwork processes, the future prospects 

of AI in botany are promising. However, it is essential to address ethical 

considerations such as ensuring data privacy and security in AI applications. By 

fostering collaboration between botanists and AI specialists, the full potential of 

artificial intelligence can be harnessed to revolutionise plant research and 

conservation efforts for a more sustainable future. 

AI is not just a tool; it is a catalyst for innovation in plant science. AI should 

not replace humans but rather complement humans to facilitate processing and 

analysis to bring pace to science. 
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