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CHAPTER 1

ECOLOGY

• Ecology is the branch of science (Biology) that’s deals with the interaction
i.e. inter-relationship among organisms and their surroundings.

• Organisms interact with all the components of environments i.e.
Atmosphere, Lithosphere and Hydrosphere

• Theterm ecology was coined by Ernst Hackel in 1869.

• The authentic use of the term ecology was made by Reiter in 1885.

• Hexicology and ethology are the equivalent to ecology.

• Autecology/Species Ecology and Synecology is the two main branch of
ecology.

• Autecology/Species Ecology is the relationship between population or
species and its environments.

• Synecology is the relationship between communities and its environments.

• Applied ecology is the study of specialized fields of ecology that deals
with the conservations and exploitations of organisms.

• Systems ecology is branch of ecology that deals the ecological concepts
and processes in terms of mathematical models and formulae.

• Genecology is branch of ecology that deals the genetic composition and
changes in relation to the ecological ecads, ecotypes etc.

ATMOSPHERE
• An atmosphere (atmosphaera,) created in the 17th century from Greek

atmos “vapor” and sphaira "sphere" is a layer of gases that may surround
a material body of sufficient mas and that is held in place by the gravity of
the body.
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• Some planets consist mainly of various gases, but only their outer layer is
their atmosphere.

• Earth’s atmosphere, which contains oxygen used by most organisms for
respiration and carbon dioxide used by plants, algae and cyanobacteria
for photosynthesis, also protects living organisms from genetic damage
by solar ultraviolet radiation.

• The oxygen so characteristic of our atmosphere was almost all produced
by plants (cyanobacteria or, more colloquially, blue-green algae).

• The present composition of the atmosphere is 79% nitrogen, 20% oxygen,
and 1% other gases including carbon di oxide.

• The troposphere is where all weather takes place; it is the region of rising
and falling packets of air.

• The air pressure at the top of the troposphere is only 10% of that at sea
level 0.1 atmospheres

• The buffer zone between the troposphere and the next layer is called the
tropopause.

• Just above the troposphere there is the stratosphere, where air flow is
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mostly horizontal.

• The thin ozone layer is present in the upper stratosphere zone that has a
high concentration of ozone, a particularly reactive form of oxygen.

• This ozone layer is primarily responsible for absorbing the ultraviolet
radiation from the Sun.

• The formation of this layer is a delicate matter, since only when oxygen is
produced in the atmosphere can an ozone layer formation.

• There is considerable recent concern that man-made fluorocarbon
compounds may be depleting the ozone layer, with dire future consequences
for life on the Earth.

• The mesosphere is above the stratosphere and below the ionosphere (or
thermosphere).

• In ionosphere many atoms are ionized, atoms either gained or lost electrons
so they have a net electrical charge.

• The ionosphere is very thin and is also responsible for absorbing the most
energetic photons from the Sun.

• The structure of the ionosphere is strongly influenced by the charged
particle wind from the Sun.

• An ore is a rock that contains a valuable or useful metal at a concentration
high enough to make its mining a profitable operation.

WATER
• Pure water has a neutral pH of 7, which is neither acidic (<7) nor basic

(>7).

• Water is a good solvent and is often referred to as the universal solvent.

• All the major components in cells (proteins, DNA and polysaccharides)
are also dissolved in water.

• Adhesion and cohesion are water properties that affect every water
molecule on earth and also the interaction of water molecules with
molecules of other substances.

• Essentially, cohesion and adhesion are the “stickiness” that water molecules
have for each other and for other substances.

• Weight: 62.416 pounds/cubic foot at 32°F; 1,000 kilograms/cubic meter

• Weight: 61.998 pounds/cubic foot at 100°F; 1,007 kilograms/cubic meter
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• Weight: 8.33 pounds/gallon; 1 kilogram/liter

• Density: 1 gram/cubic centimeter (cc) at 39.2°F, 0.95865 gram/cc at 212°F

• 1 gallon = 4 quarts = 8 pints = 128 fluid ounces = 3.7854 liters

• 1 liter = 0.2642 gallons = 1.0568 quart

• 1 million gallons = 3.069 acre-feet = 133,685.64 cubic feet

Water is primarily a liquid under standard conditions, which is not predicted
from its relationship to other analogous hydrides of the oxygen family in the periodic
table, which are gases such as hydrogen sulfide. The elements surrounding oxygen
in the periodic table, nitrogen, fluorine, phosphorus, sulfur and chlorine, all combine
with hydrogen to produce gases under standard conditions. The reason that water
forms a liquid are that oxygen is more electronegative than all of these elements
with the exception of fluorine. Oxygen attracts electrons much more strongly than
hydrogen, resulting in a net positive charge on the hydrogen atoms, and a net
negative charge on the oxygen atom. The presence of a charge on each of these
atoms gives each water molecule a net dipole moment. Electrical attraction between
water molecules due to this dipole pulls individual molecules closer together,
making it more difficult to separate the molecules and therefore raising the boiling
point. This attraction is known as hydrogen bonding. The molecules of water are
constantly moving in relation to each other, and the hydrogen bonds are continually
breaking and reforming at time scales faster than 200 femtoseconds. However,
this bond is sufficiently strong to create many of the peculiar properties of water,
such as those that make it integral to life. Water can be described as a polar liquid
that slightly dissociates disproportionately into the hydronium ion (H3O+(aq))
and an associated hydroxide ion (OH–(aq)).

2 H2O (l)  H3O+ (aq) + OH” (aq)
The dissociation constant for this dissociation is commonly symbolized as

Kw and has a value of about 10–14 at 25 °C. Percentage of elements in water by
mass: 11.1% hydrogen.

SUNLIGHT
Sunlight is a major part of abiotic conditions in an ecosystem. The sun is the primary
source of energy on our planet.Above infrared in frequency comes visible light.
The Sun emits its peak power in the visible region, although integrating the entire
emission power spectrum through all wavelengths shows that the Sun emits slightly
more infrared than visible light.  Visible light is the part of the EM spectrum to
which the human eye is the most sensitive. Visible light (and near-infrared light) is
typically absorbed and emitted by electrons in molecules and atoms that move
from one energy level to another. The light which excites the human visual system
is a very small portion of the electromagnetic spectrum. A rainbow shows the optical
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(visible) part of the electromagnetic spectrum; infrared (if you could see it) would
be located just beyond the red side of the rainbow with ultraviolet appearing just
beyond the violet end.

Electromagnetic radiation with a wavelength between 380 nm and 760 nm
(400-790 terahertz) is detected by the human eye and perceived as visible light.
Other wavelengths, especially near infrared (longer than 760 nm) and ultraviolet
(shorter than 380 nm) are also sometimes referred to as light, especially when the
visibility to humans is not relevant. White light is a combination of lights of different
wavelengths in the visible spectrum. Passing white light through a prism splits it
up in to the several colors of light observed in the visible spectrum between 400
nm and 780 nm. Light energy (sunlight) is the primary source of energy in nearly
all ecosystems. It is the energy that is used by green plants (which contain
chlorophyll) during the process of photosynthesis; a process during which plants
manufacture organic substances by combining inorganic substances. Visible light
is of the greatest importance to plants because it is necessary for photosynthesis
and rest of the solar energy either reflected or absorbed by atmosphere. Factors
such as quality of light, intensity of light and the length of the light period (day
length) play an important part in an ecosystem.

(i) Quality of light (wavelength or colour): Plants absorb blue and red light
during photosynthesis. In terrestrial ecosystems the quality of light does
not change much. In aquatic ecosystems, the quality of light can be a
limiting factor. Both blue and red light are absorbed and as a result do not
penetrate deeply into the water. To compensate for this, some algae have
additional pigments which are able to absorb other colours as well.

(ii) Light intensity: The intensity of the light that reaches the earth varies
according to the latitude and season of the year. The southern hemisphere
receives less than 12 hours of sunlight during the period between the 21st
March and the 23rd of September, but receives more than 12 hours of
sunlight during the following six months.

(iii) Phototropism: Phototropism is the directional growth of plants in response
to light where the direction of the stimulus determines the direction of
movement; stems demonstrate positive phototropism i.e. they came towards
the light when they grow.
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CHAPTER 2

SOIL

Soil (sometimes called dirt) is the combination of rock, mineral fragments
(pieces), organic matter (dead and living things), water, and air. It is mostly made
up of grains of rock weathered by wind, rain, sun, snow, etc., and varying amounts
of humus. The type of soil depends on the mix of humus and on the size of the
grains of the rock. The grains can be very small and smooth, such as clay, or they
can be larger, like grains of sand or even a piece of gravel. Soils are important to
our ecosystem for six main reasons:

1. Soils are a place for plants to grow;

2. Soils control the speed and the purity of water that moves through them;

3. Soils recycle nutrients from dead animals and plants;

4. Soils change the air that surrounds the earth, called the atmosphere;

5. Soils are a place to live for animals, insects and very small living things
called microorganisms;

6. Soils are the oldest and the most used building materials.

The climate is very important when soil is made. Soil from different climates
can have very different qualities. Soil is a natural body consisting of layers that are
primarily composed of minerals which differ from their parent materials in their
texture, structure, consistency, color, chemical, biological and other characteristics.
It is the unconsolidated or loose covering of fine rock particles that covers the
surface of the earth. Soil is the end product of the influence of the climate
(temperature, precipitation), relief (slope), organisms (flora and fauna), parent
materials (original minerals), and time. In engineering terms, soil is referred to as
regolith, or loose rock material that lies above the ‘solid geology’. In horticulture,
the terms ‘soil’ is defined as the layer that contains organic material that influences
and has been influenced by plant roots and may range in depth from centimeters to
many meters.Soil is composed of particles of broken rock (parent materials) which
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have been altered by physical, chemical and biological processes that include
weathering (disintegration) with associated erosion (movement). Soil is altered
from its parent material by the interactions between the lithosphere, hydrosphere,
atmosphere, and biosphere. It is a mixture of mineral and organic materials in the
form of solids, gases and liquids.

Soil is commonly referred to as “earth” or “dirt”; technically, the term “dirt”
should be restricted to displaced soil.

Parent Material
The mineral material from which a soil forms is called parent material. Rock,
whether its origin is igneous, sedimentary, or metamorphic, is the source of all soil
mineral materials and origin of all plant nutrients with the exceptions of nitrogen,
hydrogen and carbon. As the parent material is chemically and physically weathered,
transported, deposited and precipitated, it is transformed into a soil.

Typical soil mineral materials are Quartz: SiO2, Calcite: CaCO3, Feldspar:
KAlSi3O8, Mica (biotite): K (Mg, Fe)3AlSi3O10(OH)2.

Organic Matter of Soil
The organic soil matter includes all the dead plant material and all creatures, live
and dead. Most of the living things in soils are including plants, insects, bacteria
and fungi. Soils have varying organic compounds in varying degrees of
decomposition. Organic matter holds soils open, allowing the infiltration of air and
water, and may hold as much as twice its weight in water. Many soils, including
desert and rocky-gravel soils, have little or no organic matter. Soils that are all
organic matter, such as peat (histosols), are infertile. Humus refers to organic matter
that has been decomposed by bacteria, fungi, and protozoa to the final point where
it is resistant to further breakdown. Humic acids and fulvic acids, which begin as
raw organic matter, are important constituents of humus. After the death of plants
and animals, microbes begin to feed on the residues, resulting finally in the formation
of humus. Humus formation is a process dependent on the amount of plant material
added each year and the type of base soil. Both are affected by climate and the type
of organisms present.  Humus usually constitutes only five percent of the soil or
less by volume, but it is an essential source of nutrients and adds important textural
qualities crucial to soil health and plant growth. Humus also holds bits of
undecomposed organic matter which feed arthropods and worms which further
improve the soil. The degradation of water-soluble constituents contains cellulose,
hemicellulose and nutrients such as nitrogen, phosphorus, and sulphur.  Humus
has a high cation exchange capacity that on a dry weight basis is many times greater
than that of clay colloids. It also acts as a buffer, like clay, against changes in pH
and soil moisture.
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SOIL PROFILE
Soil is a thin layer of material on the Earth’s surface in which plants have their
roots. It is made up of many things, such as weathered rock and decayed plant and
animal matter. Soil is formed over a long period of time.Soil Formation takes place
when many things interact, such as air, water, plant life, animal life, rocks, and
chemicals.The soil profile is one of the most important concepts in soil science. It
is a key to understanding the processes that have taken in soil development and is
the means of determining the types of soil that occur and is the basis for their
classification. The soil profile is defined as a vertical section of the soil from the
ground surface downwards to where the soil meets the underlying rock. The soil
profile can be as little as 10 cm thick in immature soils and as deep as several
metres in tropical areas where the climate is conducive to rapid alteration of the
underlying rock to form soil. In temperate areas, the soil profile is often around a
metre deep and in arid areas somewhat shallower than this. All soil profiles are
composed of a number of distinctive layers, termed horizons, interpretation of which
is the key to understanding how the soil has formed. Most soils will have three or
more horizons. Soils that have not been cultivated will normally have L, F and H
layers at the surface. These layers largely represent different degrees of
decomposition of organic matter, the L layer representing the litter layer formed of
recognisable plant and soil animal remains, the F layer below, the fermentation
layer, usually consisting of a mixture of organic matter in different stages of
decomposition, and the H layer, the humose layer, consisting largely of humified
material with little or no plant structure visible. Below these, and in cultivated
soils occupying the surface layer, is the A horizon composed of a more or less
intimate mixture of mineral and organic matter.
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 Organic matter (O): Litter layer of plant residues in relatively undecomposed
form. O horizons may be divided into O1 and O2 categories, whereby O1 horizons
contain decomposed matter whose origin can be spotted on sight (for instance,
fragments of rotting leaves), and O2 horizons containing only well-decomposed
organic matter, the origin of which is not readily visible.

Horizon (P): These horizons are also heavily organic, but are distinct from O
horizons in that they form under water logged conditions. The “P” designation
comes from their common name, peats. They may be divided into P1 and P2 in the
same way as O Horizons. This layer accumulates iron, clay, aluminium and organic
compounds, a process referred to as illuviation

Surface soil(A): Layer of mineral soil with most organic matter accumulation
and soil life.This layer is the top15cm of the soil profile and has the highest
percentage of organic matter. The layer was likely formed from decomposing plant
and mineral.A” Horizons may be darker in color than deeper layers and contain
more organic material, or they may be lighter but contain less clay or sesquioxides.
The A is a surface horizon, and as such is also known as the zone in which most
biological activity occurs. Soil organisms such as earthworms, potworms
(enchytraeids), arthropods, nematodes, fungi, and many species of bacteria and
archaea are concentrated here, often in close association with plant roots. A-horizons
may also be the result of a combination of soil bio-turbation and surface processes
that winnow fine particles from biologically mounded topsoil. In this case, the A-
horizon is regarded as a “bio mantle”. This layer eluviates (is depleted of) iron,
clay, aluminum, organic compounds, and other soluble constituents.
When eluviation is pronounced, a lighter colored “E” subsurface soil horizon is
apparent at the base of the “A” horizon.
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Sub-soil (B): This layer accumulates iron, clay, aluminum and organic
compounds, a process referred to as illuviation.A horizon, the B horizon may be
divided into B1, B2, and B3 types under the Australian system. B1 is a transitional
horizon of the opposite nature to an A3 – dominated by the properties of the B
horizons below it, but containing some A-horizon characteristicsThe second layer
or B1 horizon is similar to the A horizon and is found from 15-30cm. B2 horizons
have a concentration of clay, minerals, or organics and feature the strongest
pedological development within the profile.It is sandy, with a slight increase in
clay composition throughout its thickness of 30-60cm. B3 horizons are transitional
between the overlying B layers and the material beneath it, The B3horizon is found
from 60cm and beyond whether C or D horizon.The A3, B1, and B3 horizons are
not tightly defined, and their use is generally at the discretion of the individual
worker. Plant roots penetrate through this layer, but it has very little humus. It is
usually brownish or red because of the clay and iron oxides washed down from A
horizon.

Parent rock (C): Layer of large unbroken rocks. This layer may accumulate
the more soluble compounds.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. “Ghost” rock structure may be present within these
horizons. The C horizon also contains parent material. It forms the framework of
the soil. The A and B layers are formed by this layer. The C horizon forms as bed
rock weathers and rock breaks up into particles.

Bedrock (R): R horizons denote the layer of partially weathered bedrock at
the base of the soil profile. Unlike the above layers, R horizons largely comprise
continuous masses (as opposed to boulders) of hard rock that cannot be excavated
by hand. Soils formed in situ will exhibit strong similarities to this bedrock layer.R
horizons denote the layer of partially weathered bedrock at the base of the soil
profile. Unlike the above layers, R horizons largely comprise continuous masses
(as opposed to boulders) of hard rock that cannot be excavated by hand. Soils
formed in situ will exhibit strong similarities to this bedrock layer.

Limnic (L): Horizons or layers indicate mineral or organic material that has
been deposited in water by precipitation or through the actions of aquatic organisms.
Included are copro-genous earth (sedimentary peat), diatomaceous earth, and marl;
and is usually found as a remnant of past bodies of standing water.

Sand and silt are the products of physical and chemical weathering; clay, on
the other hand, is a product of chemical weathering but often forms as a secondary
mineral precipitated from dissolved minerals. It is the specific surface area of soil
particles and the unbalanced ionic charges within them that determine their role in
the cation exchange capacity of soil, and hence its fertility. Sand is least active,
followed by silt; clay is the most active. Sand’s greatest benefit to soil is that it
resists compaction and increases porosity. Silt is mineralogical like sand but with
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