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Abstract 

Agricultural microbiology is moving into a new era where the collection of biological 

information using high-throughput sequencing, metagenomics, metabolomics, imaging, and 

automated laboratory systems presents challenges in understanding the data by using only 

traditional methods. Artificial intelligence (AI) tools can analyze these intricate datasets to 

uncover patterns and forge connections between microbial communities and soil health, 

nutrient cycling, plant growth, disease suppression, and agricultural yield. Microbiome 

analysis, microbial identification, prediction of microbial functions, identification of soil 

microbiomes, discovery of beneficial microorganisms, and development of microbial 

inoculants and biocontrol products are all possible applications of machine-learning 

algorithms. AI can also incorporate microbiological data with soil characteristics, weather, crop 

attributes, and management practices to enhance the prediction of microbial responses under 

agronomic conditions. Despite all these possibilities, the implementation of AI in agricultural 

microbiology is hindered by scarcity of high-quality datasets, variations in experimental 

procedures, challenges with understanding the intricate relationships between various 

biological variables, and the necessity for independent validation. AI should therefore be seen 

as a tool to support and discover, but not replace, microbiological experiments. Responsible 

embedding of culture- based techniques, molecular biology, field trials and ecological 

experience might speed up the development of ecological, sustainable solutions for soil 

fertility, plant health and biological soil protection. 
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Introduction 

Microorganisms play a vital role in agriculture ecosystem. Bacteria, fungi, archaea, and 

other microorganisms control decomposition, nutrient cycling, turnover of organic matter, 

plant growth, disease development and soil biological activity. Useful microorganisms could 

enhance the availability of nutrients and development of plants, while harmful microorganisms 

can be dangerous to crops. Knowing how these complex microbial interactions work is thus at 

the center of sustainable agriculture production. 

High throughput sequencing, metagenomics, transcriptomics, metabolomics, and advanced 

imaging are now increasingly being used in modern agricultural microbiology. These have 

enabled the characterization of thousands of taxa of microorganisms and many interacting 

metabolic pathways within a single microbial community. But it is quite a challenge to analyze 

these data, as they are voluminous and complex. AI can offer new methods for analyzing such 

information, patterns in biology, and predictions that can inform experiments. 

How AI can help in understanding soil microbial communities 

Soil microbiomes are dynamic in nature, and are affected by soil type, crop species, 

climate, organic matter, moisture, nutrient availability and agricultural practices. AI can 

analyze all the microbial communities at once, while traditional microbial analysis primarily 

targets individual microorganisms. 

Sequencing data can be used to classify microbial populations by machine learning 

algorithms, and establish links between the composition of microbes and soil properties. 

Predictive models can also provide information on the potential reactions of the microbial 

community to alteration of fertilizer, irrigation, crop rotation or organic amendments. 

In precision agriculture, this can be of particular interest as microbial information could be 

combined with other chemical and physical soil data. Microbiome data can potentially be used 

to target certain parts of a field for biological or nutritional management, rather than managing 

the whole field as one, in the future. 

Discovery of  beneficial microorganisms  

Microorganisms that have the ability to enhance plant growth or plant nutrient 

availability have been the search of agricultural microbiology for a long time. The plant growth 

promoting rhizobacteria, mycorrhizal fungi, nitrogen fixing bacteria, phosphate-solubilizing 

microorganisms and other beneficial organisms are potential candidates for the development 

of biofertilizers. 

http://www.thescienceworld.net/
mailto:thescienceworldmagazine@gmail.com


 

 

2309                                                         

 

August, 2026 Vol.6(8), 2307-2311 

Published 15/08/2026 
Official Website 

www.thescienceworld.net  

thescienceworldmagazine@gmail.com  

Ojha et al  

and Patel 

 
By using genomic and phenotypic data, AI can help in the quicker screening of microbial 

candidates. Genetic traits linked to nitrogen fixation, phosphate solubilization, hormone 

production, stress tolerance and/or antagonism against pathogens can be identified by 

algorithms. 

In traditional testing methods, thousands of microorganisms would have to be tested one 

by one, whereas computational screening can help to select microorganisms that have desirable 

characteristics. While more laboratory testing is needed to validate these predictions, AI can 

help narrow down the number of candidates to go through extensive experimental testing. 

AI in the research of plant-microbe interactions 

Interactions between plants and microorganisms are complex and involve 

communication between the roots and microorganisms. The root exudates produced by plants 

can affect microbial recruitment and the microbial composition can affect nutrient availability, 

hormone signalling, and plant defence response. 

AI can aid the discovery of patterns in the multi-omics data from plants and their 

microbiomes. Computational models can help uncover relationships amongst the 

transcriptomic, metabolomic, genomic and microbial community data that might not be 

apparent from any individual data type. 

These can be used for developing microbial consortia for specific crops and conditions. 

But, association does not equal causation. Experimental testing is still critical to ensure that a 

predicted interaction between microbes and the plant actually results in a beneficial response 

from the plant. 

AI for Agricultural Disease Management  

Significant crop losses are caused by microbial plant pathogens. Therefore it is 

important to identify pathogens as early and accurately as possible for effective disease 

management. AI image analysis can help detect disease symptoms and molecular data can be 

used to differentiate between closely related microbial species or strains. 

Pathogen abundance together with weather, soil and crop data can also be used to estimate 

disease risk using machine-learning models. These systems could assist in providing timely 

intervention (biological/chemical) and minimize unnecessary pesticide use. 

  A new area is the finding of microbial antagonist. By analysing genomic features and 

past experimental data, AI can also help in identifying microorganisms that could have the 

potential to produce antimicrobial compounds or be competitive against plant pathogens.  
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Microbial Bioproduct Development 

The screening and optimization of biofertilizers, biopesticides and microbial soil 

amendments are often lengthy and arduous processes. AI can help in the strain selection of the 

microorganisms, predict the compatibility of microorganisms, and optimise the conditions for 

formulation. 

When combined with microorganisms, this is especially useful for microbial consortia 

as they can have positive or negative interactions. Combination identification using 

computational methods can be valuable for identifying combinations that are theoretically 

possible, prior to laboratory and field testing. 

AI can also help determine the stability of microbial products under various storage and 

environmental conditions. There are potential applications for this work that could enhance the 

reliability of microbial technologies and help expand their use in agriculture. 

Challenges and Research gaps 

Although it has great promise, AI should not be seen as a substitute for laboratory and 

field microbiology. It is essential to train AI models with high-quality and diverse data. 

Microbial communities in agriculture are diverse across geographic, seasonal, crop, soil and 

management practices. A model that works well in one situation, may not work well in another. 

Another difficulty is that of interpretation. The algorithms can be very complicated and result 

in accurate predictions, but may not be able to explain the underlying biology. It may make it 

hard for microbiologists to provide a biological interpretation for a predicted relationship. 

These limitations need to be overcome by the development of standardized datasets, 

transparent modelling approaches, independent validation and cooperation between 

microbiologists, agronomists, data scientists and bioinformaticians. 

Future Prospects 

The potential of AI in agricultural microbiology seems to include increased capabilities 

for integrating multi-omics data with field-level information. Continuous observations of 

microbiology and environment could be achieved by portable sequencing technologies, 

automated soil sampling, robotic laboratories and sensor networks. Moreover, Digital maps of 

soil microbiomes are likely to contribute to the comprehension of the spatial variation in 

microbial functions in agricultural landscapes in the future. AI could then provide help in 

making decisions on site for microbial inoculants, organic amendments, nutrient management, 

and disease prevention. However, the best progress will be made by the joint use of 

computational prediction and carefully thought-out experiments. AI can quickly test out some 
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hypotheses and microbiologic studies can determine if the predictions have practical and 

ecological relevance. 

Conclusion 

AI has emerged as a valuable research tool in agricultural microbiology by being able 

to analyze large, complex datasets of microbes and uncover the relationships between 

microbes, plants, soils, and environmental conditions. It can be used for soil microbiome 

characterization and discovery of beneficial microbes, disease prediction, bio-input screening 

for disease control and development of microbial bio-inputs. These abilities can help conduct 

research more quickly and help inform more specific soil and crop management practices. 

However, AI predictions will only be as accurate as the data and experimental assumptions 

they are based on. Important challenges include biological complexity, geographical variation, 

lack of standardized datasets and challenges of model output interpretation. The future will 

thus rely on the combination of AI and microbiological experimentation, field testing, 

molecular techniques and agronomic knowledge. When used responsibly, AI can aid in the 

shift from descriptive research in agricultural microbiology to more predictive and practical 

uses, which will lead to healthier soils, more resilient crops, and sustainable agricultural 

production. 
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