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Agronomy:
Soil

Soil fertility refers to the availability of nutrients on the soil that affects plant growth and
development. Soil fertility is influenced by the physical nature of the soil. By the physical nature
of the soil, we mean soil texture, structure, air (or pores) within the soil, water holding
capacity, mechanical resistance and soil depth. All of these factors affect the germination,
growth and vyield of crops.

Physical Environment of Soil

Soil Texture
Soil texture refers to the proportion of different soil particles of various sizes. There are three
primary types of soil particle: Sand, Silt and Clay

e Sand - particles less than 2 mm and greater than 0.02 mm in diameter.

e Silt - particles between 0.02 mm and 0.002 mm in diameter.

e Clay - particles are less than 0.002 mm in size.
Australia has one further soil particle:

e Gravel - particles greater than 2 mm in diameter.
The higher the sand content, the grainier and more porous will be the soil. The higher the silt
content, the finer will be the soil. The important textural classes, along with the percentage
range of sand, silt and clay present, are listed below:

Sand (%06) Silt (206) Clay (20)
Sand 85-100 0-15 0-10
Loamy Sand 70-90 0-30 0-15
Sandy Loam 43-80 0-50 0-20
Loam 23-52 28-50 7-27
Silt Loam 0-50 50-88 0-27
Silt 0-20 88-100 0-12
Sandy Clay Loam 45-80 0-28 20-55
Sandy Clay 40-65 0-20 35-47
Silty Clay 0-20 40-60 40-60
Clay 0-40 0-40 40-60
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Soil texture affects its water holding capacity, nutrient availability, porosity, strength,
compressibility and soil temperature.

Soil Structure

Soil aggregates are formed when primary soil particles (sand, silt and clay) group together to
form tiny lumps. Soil structure may be defined as the arrangement of these particles in
aggregates. Natural aggregates are called fragments while artificially formed soil masses are
called clods. Soil structure influences the soil environment and the amount and size of pore
space, water holding capacity and availability of plant nutrients. Soil particles may be single-
grained, massive or aggregated. When particles are largely unattached, as in sandy soils, it is
called a single-grained structure. When the soil is tightly packed in large cohesive blocks, as in
the case of dried clay, the structure is called massive. An intermediate stage when particles are
associated in quasi-stable small clods is known as aggregate or ped structure.

Water is retained around the soil particles in thin layers due to adhesion and cohesion
(tendencies to remain united). As the amount of water increases, the force with which water is
held is reduced. When the force becomes significantly low at the edges of the water layer, water
is pulled down to lower layers due to gravity. Soil water has a major influence on the soil
environment. The soil strength (this offers resistance to the root penetration) is reduced when
moisture is present in the soil. Nutrient availability and mobility increases with water as does
biological functions including mineralization (supply of mineral substances).

Changes in Soil Water. Field capacity is the maximum amount of water a soil can hold against
the force of gravity. Wilting point is the when the amount of water available drops below that
which plants can extract.
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Source:http://www.extension.umn.edu/distribution/cropsystems/components/7399_02.html
Soil Temperature

Soil temperature affects crop growth. The most important factor affecting soil temperature is
the sun. Some heat is also generated by chemical and biological activities in the soil. The
amount of solar energy received per unit area of soil decides the soil temperature. The flow of
temperature in the soil is known as thermal conductivity. It increases with water content and
decreases with porosity (state of being porous). In other words, if the soil is tilled and is loose
and friable, water travels down and heat is trapped at the soil surface. On the other hand, if the
soil is untilled and consequently not very porous, water gets trapped in the upper surface and
helps heat to travel down. Good soil porosity decreases thermal conductivity, resulting in higher
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surface temperature. Germination depends almost entirely on soil temperature. Low
temperature can hamper germination.
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Soil Profile

Soils are made up of distinct layers at varying depths below the surface. A vertical section of
the soil to expose the layers is called the soil profile. The upper layer is usually rich in organic
matter and darker in colour than the layers below and is called top soil (or A horizon). The
middle layer usually contains more clay and is called the subsoil (or B horizon). The lowermost
layer is the soil parent material (also called the C horizon) and extends downward to the
bedrock. Crops feed mostly in the top soil and, to a small extent, in the subsaoil.

The depth of the sail is the last boundary to which the roots or plants can extend. Soil can be
shallow, medium or deep depending on the soil depth. Soil strength, or soil mechanical
resistance, indicates the resistance offered by the soil to root penetration and is measured in
kg/cm (cube) or bars. It varies inversely with soil moisture (thus, the drier the soil, the greater
the soil strength; the more moist the soil, the weaker the soil strength).
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Soil profile

The image on the left illustrates the three soil horizons. On the right is a typical Australian soil
profile, showing the light grey sandy topsoil (A horizon) over the clay subsoil (B horizon).
Source:http://audit.ea.gov.au/ANRA/land/land_frame.cfm?region_type=AUS®ion_code =AUS&i
nfo=soil_overview

Chemical Environment of Soil
Ph factor

The pH factor of sail tells us how acidic or alkaline is the soil.
pH affects:

e The nutrient availability,

e Soil physical condition, and

e Plant growth.
Decomposition of organic matter, the most important source of Nitrogen and Sulphur, is slowest
at pH levels below six and fastest at pH levels from six to eight. Availability of Iron, Aluminum,
Manganese, Calcium and Zinc are influenced by pH through its effect on solubility. Availability of
Phosphorus is high within a pH of 6.5 to 7.5. The pH value affects the physical condition of soil.
Soils with pH over 8.5 are alkaline with high sodium content . This may destroy the soil
structure and impair the movement of water and air. Finally, soil pH affects plant growth
through its influence on nutrient availability and the physical condition of the soil.

Biological Environment of Soil

The biological environment of the soil is composed of several organisms belonging to both plant
and animal kingdom. The activities of soil organisms are generally helpful to plants while a few
of them are harmful.
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Soil Organisims

|

Flora (Plants) Fauna (Animals)
| |
Macroflora Microflara Macrofauna Microfauna
— Roots of higher — Bacteria — Earthworm — Protozoa
planits —Fungi — Moles — Nematodes
— Actinomycetes — Ants
— Algae

Microorganisms secrete several enzymes such as urease, sulphatases, phosphateses, cellulose,
amylase and proteinase. These enzymes are utilised for the breakdown of complex compounds
present in plant residues. Some microflora and macroflora are capable of fixing nitrogen.
Besides, microorganisms act on chemicals such as insecticides, fungicides, bactericides,
herbicides and plant-secreted allelopathic chemicals and degrade them into simpler products.
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