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Abstract

Soil microbial diversity and activity are the driving engines of vital ecosystem processes such as nutrient
cycling, organic matter decomposition, and plant health, serving as key indicators of soil health. However, the study
of these complex and dynamic microbial communities using traditional methods has often been limited to small scales,
lacking sufficient detail to understand processes at the ecosystem level. Recent advances in monitoring technologies
(e.g., remote and proximal sensing, sensors) and high-throughput sequencing (HTS) techniques, especially when
combined with various -omics disciplines (e.g., metagenomics and metatranscriptomics), have provided
unprecedented potential for studying soil biology at large scales and with high resolution. This review article provides
a comprehensive examination of these novel technologies, from remote and proximal sensing that offer indirect, large-
scale information, to HTS and -omics analyses that reveal the molecular and functional details of microbial



Ol S pols 0 )RS wodd 399
\Fof 1900w YYGYD

19™ Iranian Soil Science Congress
16-18 September, 2025

\ « O 5 S Wodigp g Kol g pro
' Holistic and Smart Soil and Water Management

O olEiiNS camb ailic g 53 59lis EFUSLINS
College of Agriculture & Natural Resources, University of Tehran

communities. These technologies enable the generation of spatio-temporal and molecular big data, the analysis of
which requires advanced bioinformatics and data mining tools. However, they offer unparalleled opportunities to
understand deep patterns and relationships within soil microbial communities. Challenges such as method
standardization, high costs, and the integration of data from diverse sources still exist. Ultimately, the integration of
these technologies and the analysis of the resulting data pave the way for comprehensive, real-time monitoring of soil
biological properties and for the precise and sustainable management of soil ecosystems.

Keywords: Microbial Diversity, Remote Sensing, Sequencing, Metagenomics, Big Data, Soil Health
Monitoring.



