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SUBSTRATUM

Substratum is the surface on which the organisms live and move.

Substratum provides the fundamental needs of the organism such as shelter,
attachment and nourishment.

The substratum is classified into the following types;
Soll
Rock
Snow and ice
Water surface
Corals
Biotic substratum



SOIL

Soil 1s an abiotic ecological factor.

Suitable substratum and medium for

plants and animals

Bridges between inorganic and organic

materials

Study of soil i1s called Pedology or soil

sclence.

https://www.mindmeister.com/da/5 '742‘ 55/soil



DEFINITION

KNIGHT (1956) defined soil as the mineral material that exists in solid or
unbroken form such as boulders and gravels or finely divided particles of
mineral matter such as sand, silt or clay depending upon the texture.

TRESHOW (1970) gave a more appropriate definition of soil. He defined
soil as a complex physical-biological system providing support, water,

nutrient and oxygen for the plants




COMPOSITION OF SOIL

Soil 1s made up of five major components;

Mineral matter - 40%
Organic matter (Humus) - 10%.
Soil water - 25%.
Soil air - 25%

Biological systems



1. MINERAL MATTER

o Mineral matter of soil
1s formed of particles
of different sizes

o Formed by
weathering of rocks

o Constitutes 40% of
the soil.

Name of Particles

Gravel

Coarse sand

Fine sand

Silt

Clay

Diameter of Particles

2.00 mm and More

2.00 mm to 20 mm

0.20 mm. to 0.02 mm

0.02 mm.to 0.002 mm

Below 0.002 mm




2. SOIL ORGANIC MATTER

Organic matter 1s made up of different components that can be grouped into
three major types:

1. Plant residues and living microbial biomass.
2. Active soil organic matter also referred to as detritus.
3. Stable soil organic matter, often referred to as humus.

The living microbial biomass includes the microorganisms responsible for
decomposition (breakdown) of both plant residues and active soil organic
matter or detritus.

Humus 1s the stable fraction of the soil organic matter that is formed from
decomposed plant and animal tissue. It is the final product of decomposition.

The first two types of organic matter contribute to soil fertility because the
breakdown of these fractions results in the release of plant nutrients such as
nitrogen, phosphorus, potassium, etc.

The humus fraction has less influence on soil fertility because it is the final
product of decomposition (hence the term “stable organic matter”).



HUMUS

The Incompletely decayed
organic matter added to the soil
1s called humus

Black 1n colour

Continuously added to the soil
year after year

Constitutes 10% of the soil.
Derived from two sources;

Dead and decaying roots of
plants and organisms present
1n the soil

Dry leaves, twigs, dead plants
and animals

Advantages of humus

1. Water holding capacity

2. Increases the fetility of the
soil

3. Holds minerals in 1onic forms
by absorption

4. Facilitates the infiltration of
water

5.Makes the soil porous

6. Facilitates the percolation of
so1l

7. Facilitates proper aeration

8. Source of food for soil




Benefits of Stable Soil Organic Matter :

There are numerous benefits to having a relatively high stable organic matter level
in an agricultural soil. These benefits can be grouped into three categories:

Physical Benefits :

Enhances aggregate stability, improving water infiltration and soil aeration,
reducing runoff.

Improves water holding capacity. Reduces the stickiness of clay soils making them
easier to till. Reduces surface crusting, facilitating seedbed preparation.

Chemical Benefits :

Increases the soil’'s CEC or its ability to hold onto and supply over time essential
nutrients such as calcium, magnesium and potassium.

Improves the ability of a soil to resist pH change; this is also known as buffering
capacity .

Accelerates decomposition of soil minerals over time, making the nutrients in the
minerals available for plant uptake.

Biological Benefits :
Provides food for the living organisms in the soil.

Enhances soil microbial biodiversity and activity which can help in the suppression of
diseases and pests.

Enhances pore space through the actions of soil microorganisms. This helps to
increase infiltration and reduce runoff.



Organic Materials

Over time, the application and incorporation of organic materials can
result in an increase 1n stable soil organic matter levels. Sources of
organic materials include:

Crop residues.
Animal manure.
Compost

Green manure



SOIL WATER

Soll retains large quantities of water. An ordinary garden soil contains about 25% water
by volume.

The principle source of soil water is rain. After a heavy rainfall, the water is retained by
soil in various forms. On the basis of water retained by soil, it has been classified as
gravitational water, capillary water, hygroscopic water and combined water.

Gravitational Water

This i1s the free water which due to the action of gravity moves downwards into the soil
until it reaches the water-table. This water is of little direct value to the plants.

2. Capillary Water

This water fills the spaces between colloidal soil particles or forms films around them. This
water is held by the capillary forces around and between the particles and is of greatest
Importance to plant life




3. Hygroscopic Water

The water that occurs in the form of thin film on the soil particles is termed as
hygroscopic water. This water is not available to the plants.

4.Combined Water

A small portion of the soil water is chemically bound with soil materials. It is
known as combined water.

soil particles

hygroscopic water

capillary water

air or gravitational water



SOIL AIR

Soll air is essential for the respiration of soil micro-organisms and underground parts of
the plants. Compared to atmospheric air, soil air is slightly poorer in oxygen. This is due
to the metabolic activities of roots and soil organisms.

The oxygen present in the soil air is an important factor in soil fertility since it is
necessary for the breaking down of insoluble minerals into soluble salts.

It is essential for soil organisms whose activity increases the soil fertility. In the absence
of oxygen seed germination, root growth, water absorption by root hairs etc. are slowed
down and ultimately altogether cease.

Under deficient supply of oxygen, due to anaerobic respiration, production of toxins takes
place. Well aerated soils are free from such toxic substances



SOIL. CHARACTERISTICS

Physical properties of soils include texture, structure, porosity, permeability, color, and
temperature.

Soil Color:
The color of a soi1l 1s an indication of its mineral, humus, and water content.

Reddish soil: location 1s generally dry with seasonal wetting, darker red
means higher iron content.

Grey, blue, or green soil: location is poorly drained and if waterlogged for long
periods of tlme spots (or mottles) of blues, greys, and greens often result,
indicating lack of oxygen.

Dark brown soil: within a small geographical area, darker brown often means
higher organic matter content, although darker colors do not always mean a
fertile soil.

White soil: lime or salts are present, pH 1s high.



Soil Texture

Since soil influences the flora and fauna of the area, its texture is of considerable
ecological interest.

Soils formed with various integrations of soil particles are of the following main

types.
1.Sandy soils mainly consist of sand particles. These are loose, dry and poor In
nutrients. The water holding capacity of such soils is poor.

2. Clay soils chiefly consist of clay particles. The clay particles are of colloidal
dimensions. They have high plasticity and possess high water holding capacity.
Clay particles have small interspaces between them so that neither water nor air can
circulate freely. Such soils on getting water become water-logged. Thus they are not
suitable for plant growth




3. Loam soils have sand, silt and clay particles in more or less equal proportions.
Such soils are most suitable for plant growth.

4. Sandy loam soils are those soils in which sand particles predominate.

5. Clay loam soils have predominance of clay particles. Both sandy and clay loam
soils are suitable for plant growth.

6. Silt Loam soils have predominance of silt. On getting water, silt loam becomes
water- logged with poor air circulation. Such soil are not suitable for plant growth.



SOIL PH, ACIDITY, ALKALINITY

Soils of different places vary in their pH value. Soils with pH of 7 are neutral while the pH above 7.0
Indicates alkalinity and that below 7.0 indicates acidity.

Generally the pH value of soils lies between 2.2 and 9.6. Depending upon the pH value, soils may be
neutral, acidic or alkaline.

For example, the soils are alkaline in arid areas and acidic in tropics. Plants and animals in different
soils vary with regards to their pH tolerance.

pH affects Nutrients, Minerals and Growth

The effect of soil pH is great on the solubility of minerals or nutrients. Fourteen of the seventeen
essential plant nutrients are obtained from the soill.

Before a nutrient can be used by plants it must be dissolved in the soil solution. Most minerals and
nutrients are more soluble or available in acid soils than in neutral or slightly alkaline soils.

Phosphorus is never readily soluble in the soil but is most available in soil with a pH range centered
around 6.5.

Extremely and strongly acid soils (pH 4.0-5.0) can have high concentrations of soluble aluminum, iron
and manganese which may be toxic to the growth of some plants. A pH range of approximately 6 to 7
promotes the most ready availability of plant nutrients.



Soil structure is the way in which sand, silt, and clay are grouped
together in the soil to form aggregates or clusters of soil particles.

Humus 1s made up of material from the breakdown of organic
matter and clay, two of the most important sources of cementing
materials that help create aggregates.

A good soil structure for gardens 1s one with many aggregates that
create spaces 1n the soil for the movement of the water and air
needed for healthy roots and plants.



SOIL STRUCTURE

By definition, type of structure are rated from 1 to 4 as follows:

1 Granular and crumb structures are individual particles of sand, silt and
clay grouped together in small, nearly spherical grains. Water circulates very
easily through such soils. They are commonly found in the A-horizon of the
soil profile;
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2 Blocky and subangular blocky structures are *2%%>3*  Granular

together 1in nearly square or angular blocks having more or less sharp edges.
Relatively large blocks indicate that the soil resists penetration and
movement of water. They are commonly found in the B-horizon where clay
has accumulated;




3 Prismatic and columnar structures are soil particles which have
formed 1nto vertical columns or pillars separated by miniature, but
definite, vertical cracks. Water circulates with greater difficulty and
drainage 1s poor. They are commonly found in the B-horizon where clay
has accumulated;

4 Platy structure is made up of soil particles aggregated in thin
plates or sheets piled horizontally on one another. Plates often overlap,
ogreatly impairing water circulation. It is commonly found in forest
soils, in part of the A- horizon, and in claypan¥ soils.



SOIL POROSITY AND PERMEABILITY

Soll porosity is a measure of the amount of spaces or pores in the soil that can be
filled with either air or water.

Permeability is a measure of the ease with which water and air move through the
soil pores . A combination of texture, structure, and organic matter content
determine the porosity and permeability of soils. For a good balance between small
pores that retain a lot of water, and large pores that allow easy movement of air and
water, medium- textured loam soils with good structure and plenty of organic
matter are best.

While clayey soils have higher porosity, and so can hold more water than sandy
soils, they also have lower permeability because the pores are so small. Soils with a
small pore size (less than 0.03 mm; 0.0012 in), characteristic of clay soils, retain
water by attraction forces and if most pores in the soil are of this size waterlogging
can occur. Large pore size, and thus poor water-holding capacity, is a problem only
1n very sandy soils. Both situations can be improved by adding organic matter to the
garden soil.

Soil porosity can also be improved by animals such as earthworms or termites living
1n the soil.



SOIL BULK DENSITY
Bulk density is defined as the dry weight of soil per unit volume of
soil. Bulk density considers both the solids and the pore space.

The soil bulk density (BD), also known as dry bulk density, is the weight of
dry soil (M, ;;4.) divided by the total soil volume (V. ;). The total soil volume 1s
the combined volume of solids and pores which may contain air (V) or water
(Vater), Or both (figure 1). The average values of air, water and solid in soil
are easily measured and are a useful indication of a soils physical condition.

Bulk density is the weight of soil in a given volume.

Soils with a bulk density higher than 1.6 g/cm3 tend to restrict root growth.
Bulk density increases with compaction and tends to increase with depth.
Sandy soils are more prone to high bulk density.

Bulk density can be used to calculate soil properties per unit area (e.g. kg/ha).



SOIL TEMPERATURE

Soil temperature affects seed germination and root growth, and is the result
of many factors:

Direction of slope: determines exposure to the sun. In the northern
hemisphere north-facing slopes receive less sun than south-facing ones; in
the southern hemisphere the opposite is true

Depth: with increasing depth below the soil surface, the less the soil
temperature changes daily and seasonally, and the more changes in soil
temperature lag behind changes in air temperature.

Color: dark-colored soils absorb more solar radiation (heat) than light soils.

Water content: water in the soil moderates temperature; large amounts of
heat are used to evaporate water, keeping soil cool on hot days, and, large
amounts of heat are given off when water freezes, keeping soil warm on cold
nights.

Surface cover: covering the soil surface with a mulch slows heating and
cooling both seasonally and daily, and can be used to regulate soil
temperature according to the time of year and crop .



SOIL EC

o Soil electrical conductivity affects yields, crop suitability, plant nutrient
availability and soil microorganism activity such as emission of greenhouse
gases and respiration.

o Excess salts hinder plant growth by affecting the soil-water balance.
o Arid and semi-arid climates naturally have a higher salt content.

o Salinity is influenced by humans through cropping, irrigation and land
management practices.



FACTORS AFFECTING SOIL EC

o Climate
o Salts are more easily flushed through soil located in areas of high rainfall
o Salts are flushed below the root zone into groundwater or streams
o Salts accumulate in soils found in dry areas

Soil Texture
Clay with high cation-exchange capacities have high electrical
conductivity

Clay with lower cation-exchange capacities have low electrical
conductivity

Salts can’t leach through restrictive layers and therefore accumulate



CATION EXCHANGE CAPACITY

Cation exchange capacity (CEC) 1s a measure of the soil’s ability to hold positively
charged ions.

It is a very important soil property influencing solil structure stability, nutrient

availability, soil pH and the so1l’s reaction to fertilisers and other ameliorants (Hazleton
and Murphy 2007).

The clay mineral and organic matter components of soil have negatively charged sites
on their surfaces which adsorb and hold positively charged ions (cations) by
electrostatic force. This electrical charge is critical to the supply of nutrients to plants
because many nutrients exist as cations (e.g. magnesium, potassium and calcium). In
general terms, soils with large quantities of negative charge are more fertile because
they retain more cations (McKenzie et al. 2004) however, productive crops and
pastures can be grown on low CEC solils.



The main ions associated with CEC in soils are the exchangeable cations calcium
(Ca?*), magnesium (Mg?*), sodium (Na*) and potassium (K*) (Rayment and
Higginson 1992), and are generally referred to as the base cations.

In most cases, summing the analysed base cations gives an adequate measure
of CEC (‘CEC by bases’).

However, as soils become more acidic these cations are replaced by H*, Al** and
Mn?*, and common methods will produce CEC values much higher than what occurs
In the field (McKenzie et al. 2004).

This ‘exchange acidity’ needs to be included when summing the base cations and this
measurement is referred to as effective CEC (ECEC).



SOIL MACRO NUTRIENTS

Sixteen plant food nutrients are essential for proper crop development. Each 1is
equally important to the plant, yet each 1s required in vastly different amounts.

These differences have led to the grouping of these essential elements into three
categories; primary (macro) nutrients, secondary nutrients, and micronutrients.

PRIMARY (MACRO) NUTRIENTS

Primary (macro) nutrients are nitrogen, phosphorus, and potassium. They are the
most frequently required in a crop fertilization program. Also, they are need in the
greatest total quantity by plants as fertilizer.

NITROGEN
- Necessary for formation of amino acids, the building blocks of protein

- Essential for plant cell division, vital for plant growth
- Directly involved in photosynthesis

- Necessary component of vitamins

- Aids in production and use of carbohydrates

- Affects energy reactions in the plant



PHOSPHORUS
- Involved in photosynthesis, respiration, energy storage and transfer, cell division, and enlargement
- Promotes early root formation and growth
- Improves quality of fruits, vegetables, and grains
- Vital to seed formation
- Helps plants survive harsh winter conditions
- Increases water-use efficiency
- Hastens maturity
POTASSIUM
Carbohydrate metabolism and the break down and translocation of starches
- Increases photosynthesis
- Increases water-use efficiency
- Essential to protein synthesis
- Important in fruit formation
- Activates enzymes and controls their reaction rates
- Improves quality of seeds and fruit
- Improves winter hardiness
- Increases disease resistance



MICRO NUTRIENTS

MICRONUTRIENTS

The micronutrients are boron, chlorine, cooper, iron, manganese, molybdenum, and zinc.
These plant food elements are used in very small amounts, but they are just as important
to plant development and profitable crop production as the major nutrients. Especially,
they work "behind the scene" as activators of many plant functions.

BORON

Essential of germination of pollon grains and growth of pollen tubes
Essential for seed and cell wall formation

Promotes maturity

Necessary for sugar translocation

Affects nitrogen and carbohydrate

CHLORINE

Not much information about its functions

Interferes with P uptake

Enhances maturity of small grains on some soils



COPPER
- Catalyzes several plant processes
- Major function in photosynthesis
- Major function in reproductive stages
- Indirect role in chlorophyll production
- Increases sugar content
- Intensifies color
- Improves flavor of fruits and vegetables
IRON
- Promotes formation of chlorophyll
-Acts as an oxygen carrier
- Reactions involving cell division and growth
MANGANESE
- Functions as a part of certain enzyme systems
- Aids in chlorophyll synthesis
- Increases the availability of P and CA



MOLYBDENUM

Required to form the enzyme "nitrate reductas" which reduces nitrates to
ammonium in plant

Aids 1n the formation of legume nodules

Needed to convert inorganic phosphates to organic forms in the plant
ZINC

Aids plant growth hormones and enzyme system

Necessary for chlorophyll production

Necessary for carbohydrate formation

Necessary for starch formation
Aids 1n seed formation

The secondary nutrients are calcium, magnesium, and sulphur. For most
crops, these three are needed in lesser amounts that the primary nutrients.



SOIL FORMATION - PEDOGENESIS

Soil originates from rocks. It develops gradually by the fragmentation and corrosion
of rocks and with the accumulation of organic matter. Soil formation may require
2,000 to 20,000 years but soil differentiation from the parent material may take
place in a short time such as 30-50 years.

1.Fragmentation

It Is the mechanical breakdown of rock material into smaller pieces. The
mechanical breakdown of rock Is brought about by strong winds, extreme temperature
fluctuations, shearing effect of ice sheets, running water and loot growth.

2.Corrosion

It includes the chemical processes of oxidation, reduction, hydration,
hydrolysis and carbonation etc., by the action of these processes soil materials go into
the solution with rain water.



This water percolates through the ground as soil- water combines with CO. to form
carbonic acid which combines with calcium and magnesium of the rocks to form their
carbonates.

Aluminium and silicon minerals are converted into clay and iron compounds and are
either reduced to ferrous state or are oxidised to ferric state.

In this way rock is broken down into fine material which either remains at its place or
may be transported to other places by wind and water.

Plants are also responsible for soil formation. The roots secrete certain acids which mix
with the ground water and cause the rocks to disintegrate much more rapidly.

3.0rganic Matter
Organic matter of dead and decaying organisms also contributes in soil formation. The

lichens and big trees die and their dead parts—the roots, fallen leaves and dried twigs get
mixed with the rock material.



To this are also added the remains of animals and their excreta. The plant and
animal remains are rich in organic matter. These provide suitable medium for the
growth of bacteria, molds and other micro-organisms.

The micro-organisms decompose the plant and animal remains and convert them
Into humus, the dark-black organic matter of the soil.

Humus added to the soil tends to bind the grains together, reduces pore-size and
separates the soil material into clumps. This allows aeration, increased percolation
and easier root penetration.

Since soil influences the flora and fauna of the area, its texture 1s of considerable
ecological interest.

Soils formed with various integrations of soil particles are of the following main
types



o A cross-section of a well developed soil shows more or less distinct layers called
horizons. The horizons may differ In thickness, color, texture, structure, porosity,
acidity and composition.
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This sequence of horizons from the surface downwards is called the soil profile. In a
typical soil profile following horizons or layers can be recognized.

1. A-horizon

This is the topmost soil in which the vegetation grows and is the area of biological
activities. It is darker in colour and rich in humus. Its thickness varies upto 10 ft. It
can be further differentiated into several layers.

A-00—This is the top layer consisting of freshly fallen litter i.e. leaves and organic
debris which is still intact or partially decomposed.

A-0--Below A-o00 lies this layer. It contains organic matter in variable stages of
decomposition. The upper portion of A-o layer contains organic matter in the initial stages of
decomposition. This is also known as F layer or fermentation level. The lower portion of
A-0 horizon is also know as H or humus level. A-o horizon is very rich in life.

This layer is known as the zone in which the most biological activity occurs. Soil organisms
such as earthworms, arthropods, nematodes, fungi and many species of bacteria are seen
associated with the plant roots. Thus the A horizon may be referred to as the biomantle. A-o
and A-oo layers of A-horizon are found under thick forests but may be absent under
grasslands.



2. B-horizon

The B horizon is commonly referred to as the "subsoil”. In humid regions, B horizons are the
layers of maximum accumulation of materials such as silicate clays, iron (Fe) and aluminum (Al)
oxides, and organic material.

These materials typically accumulate through a process termed illuviation, wherein the materials
gradually wash in from the overlying horizons. Accordingly, this layer is also referred to as the
"Illuviated" horizon or the "zone of accumulation”.

The B horizon may also have stronger colors (higher chroma) than the A horizon.

In arid and semiarid regions, calcium carbonate or calcium sulfate may accumulate in the B horizon.
C-horizon

It is often thick consisting of large masses of weathered mineral material. The upper portion of
C-horizon may become glued due to accumulation of water.

In dry regions, carbonates and gypsum may be concentrated in the C horizon. While loose
enough to be dug with a shovel, C horizon material often retains some of the structural features of the
parent rock or geologic deposits from which it formed.

The A and B layers usually originated from the C horizon. The upper layers of the C horizon may
In time become a part of the solum as weathering and erosion continue. The C Horizon may contain
lumps or more likely large shelves of unweathered rock, rather than being made up solely of small
fragments as in the solum.



http://en.wikipedia.org/wiki/Illuviation
http://en.wikipedia.org/w/index.php?title=Illuviated&action=edit&redlink=1
http://en.wikipedia.org/wiki/Colorfulness

D-horizon

This is the lowest horizon of the soil profile. It is comprised of un weathered
parent rock material.

R horizon

This is the layer of partially weathered bedrock at the base of the soil profile.
Unlike the above layers, R horizons are composed largely of consolidated masses
of hard rock that cannot be excavated by hand.



