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oil is the foundation of terrestrial life and the source of worldwide agricultural output. For
decades, agronomic research concentrated significantly on the idea of soil fertility, which
was frequently measured by nutrient availability and maintained primarily by external input
application. However, growing worries about soil degradation, nutrient imbalances, and
decreased long-term production have forced a rethinking of this restricted view. In response,
the scientific and farming communities are adopting a wider, more ecologically sound
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understanding of soil health. Soil health is described as the soil's continuous ability to operate e
as a living ecosystem that supports plants, animals, and people. It combines biological, %
chemical, and physical features to indicate the soil's capacity to control water, recycle Qef

Xelis

nutrients, promote biodiversity, and tolerate environmental stress. Unlike soil fertility, which %;ﬁ
can easily be maintained with synthetic inputs, soil health necessitates a systems-level Q0
strategy based on sustainable land management and ecological balance. The move from "soil C?fo@
fertility" to "soil health" reflects a greater trend toward regenerative agriculture, which 0.0
focuses on restoring natural processes and developing resilient farming systems. In light of 0?2@
climate change, resource depletion, and food poverty, investing in soil health is no longer a o
choice; it is critical to the future of sustainable agriculture. c?:é@
A Conceptual Shift between Soil Fertility and Soil Health %
Soil fertility has historically been defined as the availability of critical macro and 0?57%0
micronutrients (such as nitrogen, phosphorus, potassium, and zinc) in forms that are readily Er
accessible to plants. Soil testing, nutrient recommendations, and fertilizer application "~
programs have traditionally focused on fixing deficiencies in these components in order to %0
meet production objectives. %m;@
Soil health, however, goes far beyond nutrient status. It considers: G,
«  Soil structure and aggregation ofgio
« Organic matter content @2
« Water infiltration and retention capacity &?{%
« Soil microbial diversity and enzymatic activity Q;E
« Biological interactions with plant roots and fauna 02550
This shift emphasizes that soil is more than just a chemical store; it is a dynamic living thing. o
A productive soil without structure or microbial life may nevertheless perform badly under @ﬁfg
stress, whereas a healthy soil provides a variety of ecosystem services, including climate &7
regulation, erosion management, and nutrient buffering, in addition to productivity. @%fp
&%
C?*;%O
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Factors Leading to Soil Health Decline

Several practices associated with modern intensive agriculture have contributed to the

deterioration of soil health globally:

« Continuous monocropping depletes nutrients and reduces soil microbial diversity.

o Excessive tillage disturbs soil structure, leading to erosion and compaction.

o Overapplication of synthetic fertilizers can result in nutrient imbalances, reduced
microbial activity, and contamination of groundwater.

« Insufficient organic inputs, such as compost or green manure, leads to declining soil
carbon levels.

o Pesticide residues and chemical pollutants disrupt microbial and faunal communities.

o Salinization and acidification, especially in irrigated or high-input systems, further
degrade soil functionality.

Globally, nearly one-third of agricultural soils are moderately to highly degraded, according

to the FAO. India alone loses approximately 5.3 billion tonnes of topsoil annually,

significantly affecting agricultural productivity.

Comprehensive Indicators of Soil Health

A truly healthy soil supports root development, microbial life, and efficient nutrient cycling.

Key measurable indicators include:

1. Soil Organic Carbon (SOC) — Acts as the primary determinant of soil fertility, structure,
and biological activity.

2. Aggregate Stability — Affects water infiltration, aeration, and resistance to erosion.

Bulk Density and Porosity — Indicators of compaction and root penetrability.

4. Microbial Biomass Carbon and Nitrogen — Reflect microbial abundance and nutrient
turnover capacity.

5. Enzymatic Activities — Such as dehydrogenase and phosphatase, indicating metabolic
activity of microbes.

6. Cation Exchange Capacity (CEC) — Determines the soil’s ability to retain and exchange
nutrients.

7. pH and Electrical Conductivity (EC) — Affect nutrient availability and salt
accumulation.

These indicators form the basis of advanced Soil Health Cards, digital soil mapping, and

decision-support systems in many countries.

w

Improving Soil Health via Agronomic Practices and Innovations

To maintain and improve soil health, coordinated land management strategies are required.
These practices include the following:

1. Conservation tillage

Reduces soil disturbance.

Improves carbon retention and microbiological habitat.

Encourages natural aggregation.

Organic Matter Management:

Farmyard manure, compost, crop residues, and green manures enhance water retention,
Soil structure, and microbial populations.

Cover Cropping

Leguminous and non-leguminous cover crops prevent erosion, control weeds, and fix
atmospheric nitrogen

Crop rotation and diversification.

Improves nutrition efficiency and disrupts illness cycles.

Integrated Nutrient Management (INM)

Combines organic and inorganic inputs based on soil tests, resulting in balanced nutrient
delivery and decreased environmental impact.
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Biofertilizers and Mycorrhizal Fungi

Enhance phosphorus solubility, nitrogen fixation, and plant nutrient absorption efficiency.
Agroforestry and Silvopasture Systems

Improve microclimates, minimize erosion, and boost biodiversity.

._\l._(?)

Role of Technology in Soil Health Management

Recent advances in precision agriculture and digital farming have created new tools to

monitor and manage soil health more efficiently:

o Remote sensing and GIS help identify areas of soil degradation and nutrient deficiency.

o Soil sensors and 10T devices monitor moisture, pH, and nutrient dynamics in real time.

« Mobile advisory services offer region-specific recommendations based on geolocation
and crop type.

o Big Data analytics integrate climate models, yield data, and soil records to guide policy
and farm decisions.

These technologies support site-specific nutrient management (SSNM) and variable-rate

application, optimizing input use and minimizing environmental risks.

Policy and institutional frameworks that support soil health

Governments and institutions are increasingly linking agricultural policies with soil health
goals. In India, the Soil Health Card Scheme (started in 2015) provides nutritional advice
based on soil tests to nearly 140 million farmers.

» The National Mission on Sustainable Agriculture (NMSA) aims to restore soil organic
carbon.

» The Paramparagat Krishi Vikas Yojana promotes organic agricultural practices.

» State-level soil testing laboratories and Krishi Vigyan Kendras (KVKs) promote awareness.
Internationally, the FAQO's Global Soil Partnership (GSP), World Bank-funded soil restoration
projects, and CGIAR's soil health platforms promote information sharing and research
collaboration across states.

Broader Environmental and Societal Impacts

Soil health intersects with several global sustainability goals:

« Climate Mitigation — Carbon-rich soils act as significant carbon sinks.

o Water Security — Healthy soils reduce runoff and enhance aquifer recharge.

« Food Security — Stable, fertile, and biologically active soils support reliable crop yields.

o Livelihood Resilience — Reduces farmers' reliance on costly inputs and increases system
stability.

Conclusion

In an era of ecological unpredictability and rising food demand, soil health offers a complete
framework for long-term agricultural success. It moves the emphasis from increasing short-
term yields to developing systems that are productive, robust, and environmentally friendly.
Reviving soil health is a shared duty among farmers, researchers, politicians, and consumers.
The confluence of traditional knowledge, scientific innovation, and policy support is critical
for restoring soil. As the new paradigm emerges, "feeding the soil to feed the plant” is no
more a metaphor; it is the cornerstone for resilient food systems and sustainable farming in
the twenty-first century.
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