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oil is often called the Earth's “living skin” because it is a dynamic, living ecosystem that 

supports all terrestrial life. Healthy soil provides essential nutrients, stores and filters 

water, supports billions of beneficial microorganisms and helps regulate the global climate by 

storing carbon. It is the foundation of sustainable agriculture, food security and biodiversity. 

However, increasing land degradation, pollution and unsustainable farming practices threaten 

soil health worldwide. Protecting and restoring our soils is therefore essential to ensure 

environmental sustainability, resilient ecosystems and a secure future for generations to 

come. Soil is far more than just “dirt”. It is a dynamic, living system that serves as the 

foundation for terrestrial life, regulating our climate, purifying our water and producing the 

vast majority of our food (Tahat et al., 2020). As we navigate the complexities of the 21st 

century, the health of our soil has emerged as a critical barometer for planetary survival. 

The Vital Functions of Soil 
At its core, soil functions as a complex ecosystem. It is the primary medium for plant growth, 

providing physical support, air, water and essential nutrients (Tahat et al., 2020). Beyond 

agriculture, soil serves several “regulating” functions: 

 Climate Mitigation: Soils are the largest terrestrial carbon reservoir. The top meter of the 

world's soils stores an estimated 2,500 gigatons of carbon (GtC), nearly three times the 

amount found in the atmosphere (Friedlingstein et al., 2020; Lal et al., 2021). 

 Water Regulation: Soil acts as a natural 

filter, purifying water as it moves 

through the ground and replenishing 

aquifers that sustain human 

populations. 

 Biodiversity Reservoir: A single 

gram of healthy soil can contain 

billions of microorganisms. This 

invisible biological community is the 

engine of nutrient cycling, breaking 

down organic matter to release 

nitrogen, phosphorus and sulfur for 

plant uptake (Murphy, 2015). 

“A healthy soil acts as a dynamic living 

system that delivers multiple ecosystem 

services... soil microorganism diversity 

and activity are the main components of 

soil health” (Tahat et al., 2020). 
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The Crisis: Degradation and Loss 
Despite its importance, soil is a finite, non-renewable resource on human timescales. Over the 

last 150 years, approximately half of the planet’s topsoil has been degraded (Hengl, 2026). 

Major threats include: 

1. Erosion: Accelerated by deforestation and intensive agricultural practices, erosion strips 

away the nutrient-rich top layer. 

2. Loss of Organic Matter: Continuous cultivation without replenishing organic residues 

leads to soil structure collapse and decreased fertility (Hengl, 2026). 

3. Compaction and Salinization: Poor land management, particularly in irrigated systems, 

can render soil inhospitable for plant life. 

Advancements in Soil Science: Digital Mapping and SOTA 
To address these threats, the scientific community has moved toward high-resolution, data-

driven management. The field of Digital Soil Mapping (DSM) has been revolutionized by 

satellite Earth observation (EO) and machine learning. 

The Open Land Map-soil initiative, for example, leverages long-term satellite data from 

Landsat and Sentinel missions to provide globally consistent predictions of soil properties at 

30-meter resolution (Hengl, 2026). By utilizing spatiotemporal machine learning, scientists 

can now monitor changes in soil organic carbon (SOC) and pH over time, allowing for 

precision interventions in agricultural and forest management. 

Key Datasets and Tools 
 ISRIC-WISE Harmonized Global Soil Profile Dataset: A foundational resource for 

pedological studies and global modeling (Batjes, 2008). 

 Open Land Map-soil: A state-of-the-art framework providing dynamic, fine-resolution 

mapping (Hengl, 2026). 

 Erosion Susceptibility Indices (ESI): Recent methodologies are helping identify critical 

erosion-prone areas within specific watersheds to optimize conservation efforts (Singh, 

2026). 

Pioneers of Pedology 

Soil science or pedology, has a rich history rooted in the recognition of soil as a distinct 

natural body. 

 Vasilii Vasilevich Dokuchaev (1846-1903): Often called the “founding father” of 

pedology, Dokuchaev shifted the field from simple geology to the study of soil because of 

climate, parent material, topography and time. 

 Konstantin Dmitrievich Glinka (1867-1927): A student of Dokuchaev and the first 

academician-soil scientist, Glinka was instrumental in creating the first world soil maps. 

His work on soil genesis and geography established the pedagogical foundations still used 

today (Ivanov, 2017). 

 Viktor Abramovich Kovda (1904-1991): A prominent Soviet scientist who bridged the 

gap between soil science and political agricultural policy. He was a vocal critic of "one-

sided" hydrotechnical fixes that ignored ecological impacts and championed a deeper 

understanding of soil reclamation (Schonfelder, 2022). 

The Path Forward: Restoration 
Restoring soil health requires a shift toward regenerative practices: 

 Minimal Disturbance: Reducing tillage preserves soil structure and protects microbial 

habitats (Fan et al., 2024). 

 Continuous Cover: Maintaining ground cover 

prevents erosion and fosters nutrient recycling. 

 Diverse Rotations: Incorporating a variety of crops 

enhances soil biodiversity, which correlates directly 

with crop yield and water storage (Tahat et al., 

2020). 
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As we look toward 2026 and beyond, integrating traditional knowledge with advanced digital 

monitoring will be essential. By treating the soil as the living, breathing foundation it is, we 

secure not only our food systems but also the climate stability of the entire planet. 
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