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Soil is not just a medium for plant growth, but it
contains life and is vastly more important than we ever
imagined. Soil directly affects the productivity of
agriculture, and the health of the environment and the
sustainable development. 

Due to threats from climate change and land
degradation, growing human demands on land as well
as over twofold increase in population size, the
scientific appraisal and management of soil quality has
gained momentum according to (Lal, 2015).

Soil quality refers to the ability of a soil to function as a
living ecosystem which sustains plants, animals, and
humans. As soil-plant-environment interaction
specialists, agronomists are at the forefront of
diagnosing soil conditions and managing soil practices
to enhance and maintain soil health. 

This article looks at the science and use of various
physical, chemical and biological indicators employed
by agronomists to evaluate and enhance the quality of
soils along with various other interventions based on
ecology and agronomy.

Soils of high quality have an optimal balance of these
properties, contributing to nutrient cycling, water-
holding capacity, root penetration and erosion and
compaction resistance.

Defining Soil Quality
24

According to Doran & Parkin (1994), soil quality is a
complex concept that integrates biological productivity,
environmental quality, and health of the ecosystem. It is
typically evaluated through three main domains.

·      The texture, structure, porosity, bulk density and
water-holding capacity.
·      Nutrient availability, pH, salinity, and cation exchange
capacity (CEC) are chemical properties.
·      The biological properties of soil consist of microbial
biomass, enzymatic activity, organic matter decomposition,
and biodiversity.

Analyzing Soil: Procedures and Equipment

Soil assessment is done through a variety of analytical
methods. The process begins with visual observations in the
field and can extend to laboratory analyses.

Soil sampling and laboratory analysis

Soil testing is foundational to agronomic assessments. We
collect a representative samples from topsoil and subsoil
layers and analyze for

·      The primary nutrients are nitrogen phosphorus
potassium. 
·      Micronutrients and Trace Elements: zinc (Zn), iron (Fe),
copper (Cu), manganese (Mn), and boron (B).
·      pH of soil affects nutrient availability and microbial
activities
·      Organic Matter Content is indicative of fertility and
biological activity.

Use of these data to identify deficiencies, toxicities and
imbalances affecting crop productivity (Sikora & Moore,
2014).

Physical Assessments

Agronomists examine the physical characteristics of the soil
to see whether there are any limitations to root
development or water movement. These assessments
include.

·      Bulk density measurements to detect compaction.
·      Infiltration tests to assess water percolation.
·      Texture analysis using the hydrometer or feel method.

Knowledge of these physical characteristics helps in tillage
operation, irrigation condition, and erosion control. 
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Biological Indicators

Soil life is gaining recognition for its importance to soil
quality. Agronomists measure.

·      Soil respiration as an indicator of microbial activity.
·      Microbial biomass carbon and nitrogen.
·      Enzymatic activities such as dehydrogenase and
phosphatase.
·      Diversity of soil microbes, and hence the presence of
earthworm, fungi, bacteria.

Healthy soils provide a habitat to very diverse and active
biological communities essential for nutrient cycling and
disease suppression (Lehmann et al., 2020).

The extensive science of soil enhancement and
analysis is key to agronomy and the sustainable food
production system. The use of physical and chemical
and biological assessment will help the agronomist
identify ways of improving soil quality. There are
increasing environmental problems and important
scientific soil research must become more relevant to
protect soil as a natural resource. To keep soil
productive and healthy for the future, we need to
focus on farmer education, technology, and being
interdisciplinary.

Technology makes our soil analysis and management
easier. Tools like GPS-guided soil sampling, remote
sensing, and GIS permit site-specific management of
soil variability. Digital soil mapping and machine
learning models help agronomists predict soil
characteristics across landscapes to inform
sustainable land use (Sanchez et al., 2009).

Conclusion
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Strategies for Improving Soil Quality

Soil quality could be improved through different
management interventions after diagnosis. These include
both restorative and preventative approaches.

Organic Matter Management

Adding compost, cover crops and green manures to your
soil makes it work better and improves its nutrient-holding
capacity. The best way to improve the soil in the long-term
is to maintain soil organic carbon or increase it. 

Soil Amendments

Soil acidity is corrected by lime, and sodic soils are
ameliorated by gypsum. Amendments like biochar and
music phosphate release nutrients slowly over time and
enhance soil buffering capacity.

Conservation Tillage and Cover Cropping

Soil disturbance is minimized to conserve resources and
protect environment. Cover crops prevent nutrient loss,
add more organic matter, and improve soil microbes and
health. These practices are consistent with conservation
agriculture principles (Vanlauwe et al. 2014).

Integrated Nutrient Management (INM)

INM uses organic and inorganic fertilizers according to soil
test results and crop requirements. The use of organic and
inorganicimported nutrients help in proper balanced
nutrition.

The Role of Precision Agriculture and
Digital Tools
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