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Lithosphere

The lithosphere is the rocky outer part of the earth made up of the brittle crust and the top part of the upper
mantle.

Consist of rocks and soil as microbial habitat .

Rock is a chemical mixture in which a number of minerals are locked up in very complex forms. The chemical
and physical properties of minerals composing the rock govern the properties of rock.

Minerals are naturally occurring inorganic solid substances with definite chemical composition and ordered
internal structure. Principal minerals are:

Sand and Silt minerals- Quartz, feldspars, amphiboles, pyroxenes, micas, iron oxides(haematite, magnetite,
limonite).

Clay Mineral- kaolin, montmorillonite.

Rocks are habitat of microbial community including bacteria, algae, fungi, lichen found on rock surfaces and
crevices. In presence of moisture, lichen and some other microorganisms secrete carbonic acid that corrode
rocks.




Types of rocks

Rocks are classified on the basis of origin and structure as follow:

Rocks
I | I
Igneous Sedimentary Metamorphic
(formed by cooling of molten magma) (forme'd by depos.ition of w'eathered minerals (formed by change of pre-existing rocks i.e.,
| which are derived from igneous rocks) igneous or sedimentary through heat and pressure
] |
Intrusive Extrusive Clastic Biological Chemical Foliated Non-foliated
(formed when (formed by the (formed by the (formed by (formed by (layered or (absence of
magma solidifies cooling of the consolidation of consolidation of various banded layered or
below the earth’s lava on the sediments under organic matters chemical appearance banded
surface eg. earth’s surface excessive pressure derived from reactions eg. mineral grains appearance eg.
diorite, gabbro, eg. basalt, and cementation eg. plants and animals dolostone, some  eg. slate, schist, quartzite,
granite) rhyolite) conglomerate, form this type of limestone) gneiss) marble)
breccia, sandstone, rocks eg. coal
* o
shale) some limestone)
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Rock cycle

*Rock cycle is a continuous process through which old rocks
are transformed into new ones.

*Igneous rocks are primary rocks, from which other rocks
are formed.

*Igneous rocks can be changed into sedimentary or
metamorphic rocks.

*The fragments derived out of igneous and metamorphic
rocks form into sedimentary rocks.

*Sedimentary and igneous rocks themselves can turn into
metamorphic rocks.

*The crustal rocks (igneous, metamorphic and sedimentary)
may be carried down into the mantle (interior of the earth)
through subduction process and the same meltdown and
turn into molten magma, the source for igneous rocks.
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Soil

The uppermost weathered layer of the earth’s crust.

It is a biologically active matrix and home for plant
roots, seed, animals and microorganisms (bacteria,
fungi, algae, viruses, protozoa).

The study of soil is called pedology (pedos-earth).

The process of soil formation is called pedogenesis.




cont.

* Soil formation from rock is depicted as follow:

Consolidated :

parental rock Weathering Regolith Pedogenesis Mature soil with
(Igneous, Sedimentary, = (Physical, chemical, Or small particles of (F‘Ilfmlﬁ.catu')n,. profile

metamorphic) biological) parental rocks Eluviation, illuviation) differentiation

* Physical weathering- It is a mechanical weathering process due to heating, cooling, drying, glaciation brought about by
physical factors like temperature, water and wind.

* Chemical weathering- It takes place due to hydration, hydrolysis, carbonization and oxidation for which moisture and air is
essential.

* Biological weathering- It is brought about by the action of living organisms such as lichens, bacteria, fungi, higher plants.
* Humification- It is the process of formation of humus.

* Eluviation- Itis process of washing away of soil constituents from upper layers i.e, eluvial layer (wash out) of soil to lower
levels by downward precipitation of water across soil horizons.

* Illuviation- It is process of accumulation elluviated materials in lower levels i.e., illuvial layer (wash in).




Soil Composition

It is a mixture of following major constituents:

* Mineral particles- derived from parental rock or regolith.

* Organic matters — derived from metabolic activities of living organisms and their dead and decaying remains

* Soil air —gases present in soil profile. 3 main gases are oxygen (20%), nitrogen (79%), carbon dioxide (0.15-0.65 %0).

* Biological system or microorganisms- bacteria, fungi, actinomycetes, algae, roots, rhizoid, rhizome of plants,
protozoa, nematodes, insects, mites, earthworms, burrowing animals, etc.

* Soil water — regulates physical, chemical and biological activities in soil.

Table. Classification of soil water based on nature of interaction between soil particles and water molecules

Types of soil water Characteristics

Hygroscopic water * Water present as thin film around soil particles and remains firmly attached
* Not available to plants

Capillary water * Water present in thin and narrow capillaries formed by soil particles
* widely utilized by plants
* Chresard-Water present in soil, which can be utilized by plants i.e., available water

Gravitational water * Water percolated deep into soil due to the earth’s gravitational force
* Not available to plants

Chemically bound water ¢ Water present in form of hydrated oxides of iron, aluminium, silicon, etc.
* Not available to plants




Physical properties

Soil properties

Includes soil separates, texture, structure, porosity, permeability, color, temperature, cohesion, adhesion.

Types of soil particle

Sand Coarse sand
Fine sand

Silt

Clay

Table. Types of Soil separates and their characteristic

Diameter

(mm)

2.00- 0.20
0.20-0.02

0.02-0.002

Below 0.002

Characteristics

Increase the size of pore space facilitating the
movement of air and water in soil

Contains sufficient amount of organic and inorganic
nutrients, making it very fertile

Highest water holding capacity due to fine pore, poor
drainage and aeration
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Soil profile: The mineral and organic components of soil are differentiated into horizons or strata of variable depth.
Each horizon differs in morphology, physical structure, chemical and biological properties. These horizons are evident
when a vertical cut is made through the soil, revealing the soil profile.

Solum
(most weathered
portion)

Saprolite
(least weathered
portion)

Horizons
() 0O1
(Organic)
02

A Al

(Eluvial )
Or A2

Top soil

B
(Illuvial)
Ot sub Soil

C

Characteristics

contain undecomposed matter whose origin can be spotted on sight (for
instance, fragments of leaves)

contain organic debris decayed to a point beyond recognition

Rich in humus and dark in color

Zone of maximum leaching of minerals; readily available minerals to plant
roots present in this layer

have a high concentration of iron oxides, aluminum oxides and silicate clays.

The absence of solum-type development pedogenesis is one of the defining
attributes.

Parent rock which is weakly weathered

Accumulation of calcium and magnesium carbonates.

Unweathered bed rock
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cont.
* Chemical properties of soil includes its inorganic matter, organic matter, colloidal properties and soil reaction (pH).

*Based on organic matter, soils are of two types viz., mineral soil (contains less than 20% organic carbon) and organic
soil (possesses at least this amount). By this definition, the vast majority of Earth's soils are mineral.

*Soil organic matter (SOM) represents the organic constituents in the soil, including undecomposed plant and animal
parts, their partial decomposition products, and the soil biomass. It helps to retain nutrients, maintain soil structure,
and hold water for plant use.

Soil organic matter (SOM)

¢

v ¥
Humic SOM (Dark colored matter) Nonhumic SOM (Undecomposed, light brown)
ni Extraction with alkali, 0.5 M NaOH
v ¥
Insoluble in cold alkali (Humin) Soluble in cold alkali (Humic acid + Fulvic acid)

l Acid precipitation

' v

Humic acid
Insoluble (precipitate), dark brown to black

Fulvic acid
Soluble, yellow




Soil microflora

Soil a complex mixture of clay, sand, silt, organic matter, and water provides many micro-environments that can
support a diverse microbial community.

It support the highest levels of microbial diversity measured including bacteria, archaea, fungi, algae, viruses and
protozoa.

Soil microorganisms can be autochthonous, zymogenous (opportunist) or allochthonous.

Autochthonous- they are “self-feeders of the earth”, can utilize humic substances, population densities are relatively
stable, slowly reproducing, mostly includes Gram-negative rod-shaped bacteria and actinomycetes.

Zymogenous (opportunist) — cannot utilize humic substances, attack readily available carbon sources, population
densities fluctuate widely, high metabolic activity, rapid growth due to presence of utilizable substrates (plant litter
remains, fecal matter from other animals, carcasses), represented by Bacillus Aspergillus Penicillium Mucor
Penicillium. They are true indigenous soil forms.

Allochthonous- represents human and animal pathogens that do not find suitable growth conditions in soil.

Since concentration of organic matter is high in soil, it favor growth of heterotrophic microorganisms. In nearly all
terrestrial systems plants account for most primary production rather than microbes as in aquatic ecosystem.

Most soil bacteria, archaea and protozoa are located on the surfaces of soil particles, where water and nutrients are in
their immediate vicinity.
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Whereas, the vast majority of fungal biomass is below ground, where filaments bridge open areas between soil
particles or aggregates and are exposed to high levels of oxygen. These fungi tend to darken and form oxygen-
impermeable structures called sclerotia and hyphal cords.

Archaea and fungi are just as abundant as bacteria in soils. In fact, in some soils, ammonia-oxidizing soil
crenarchaeota may outnumber «- and  -proteobacteria typically associated with first step in nitrification.

Protozoa are in low diversity as compared to those in aquatic environments. Flagellate protozoa are dominant in
terrestrial habitats with 10%-10° organism per gram of soil. They are important predators on soil bacteria and algae.

Algae belongs to member of chlorophyta, euglenophyta and chrysophyta with 10 algal cells per gram of soil.
Soil bacteria

Typically 10%-10° bacteria per gram are found in soil habitat.

They may be obligate aerobes, facultative anaerobes, microaerophiles or obligate anaerobes.

May be acidophiles, alkaliphiles, psychrophiles, etc.

Members belong to phyla —Proteobacteria, acidobacteria, actinobacteria, verrucomicrobia, bacteroidetes,
chloroflexi, planctomycetes, firmicutes, chlamydiae, chlorobi, cyanobacteria, Deinococcus-Thermus and
nitrospirae.

SR



cont,

Some common soil bacteria- Acinetobacter, Bacillus, Pseudomonas, Agrobacterium, Alcaligenes, Flavobacterium,
Corynebacterium, Micrococcus, Mycobacterium, etc.

Some common actinomycetes soil bacteria- Streptomyces, Nocardia, Micromonospora, Actinomyces , etc.
Streptomyces spp. produce an odor-causing compound called geosmin, which gives soils their characteristic earthy
odor.

Represenative genera Some common cyanobacteria- Nostoc, Anabaena, Calothrix, Lyngbya, Oscillatoria,
Phormidium, Cylindrospermum, Chroococcus, Syctonema, Plectonema, Tolypothrix, etc,

Role of soil bacteria: decomposition of cellulose (Strepromyces, Cytophaga and Bacillus spp.), lignin (actinomycetes
e.g., Streptomyces spp.) and other carbohydrates, ammonification, nitrification, denitrification, biological fixation of
atmospheric nitrogen, oxidation and reduction of sulfur and iron compounds, plant growth promotion.

Soil Fungi

Different soils have different types of fungal species associated with it depending on the prevailing conditions.
Fungi are active in the soil as mycelia and are usually dormant as spores.

Some common soil fungi are:

Lower fungi- Allomyces, Saprolegnia, Pythium
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Zygomycetes- Rhizopus, Mucor

Ascomycetes- Morchella, Geotrichum, Phoma , Cephalosporium, Aspergillus, Penicillium
Basidiomycetes- Agaricus, Amanita, Boletus, Rhizoctonia, Russula, Coprinus
Deuteromycetes — Alternaria, Fusarium, Helminthosprium, Trichoderma

Role of soil fungi:

1. One of the most important functions of soil fungi is the degradation of complex plant structures like
hemicelluloses, pectin, lignin (Phanerochaete and Phlebia spp.), cellulose (brown rot fungi Coniophora spp.), etc.
into simple molecules which are made available to plants as nutrients.

2. They help in the formation of stable soil by binding the soil through hyphal penetration.

3. Fungi are able to breakdown complex proteinaceous materials, producing ammonia and sulfur compounds which
could be used by higher plants.

4. Fungal degradation activities improves soil texture and organic composition .
5. Soil fungi may function as parasites in the soil under certain conditions to the disadvantage of higher plants
6. Often, fungi compete with higher plants for nutrients like nitrates and ammonia.

7. Under certain conditions, they are able to trap nematodes and protozoa in the soil (biological control).




Plant-soil microbe interaction

* Soil microbes also associate with plant roots (rhizosphere or rhizoplane) which may be good, bad, or neutral.
Rhizosphere is the region around plant roots into which plant exudates are released, while rhizoplane is the plant
root surface. Some common microbial association and function resulting from plant-microbe interaction are:

1. Mycorrhizal association
* Itis symbiotic association of fungi with roots of higher plants.
* Mycorrhizal fungi are not saprophytic rather they use photosynthetically derived carbohydrate from their host.

* Ectomycorrhizae (ECM)- here fungi remain extracellular, forming a sheath of interconnecting filaments (hyphae)
around roots. fungal partner are members of both ascomycetes and basidiomycetes fungi. ECM colonize almost all
trees in cooler. Fungal partner helps in nutrient (N & P) uptake and transfer.

* Arbuscular mycorrhizae (AM)- AM fungi belong to the taxon Glomeromycota. They can be found in association with
many tropical plants and, importantly, with most crop plants. Fungal partner imparts functions viz., nutrient (N &
P) uptake and transfer, facilitate soil aggregation, promote seed protection, reduce pest and nematode infection,
increase drought and infection resistance.

* Some other types of mycorrhizal associtation are ericaceous (ascomycetes, basidiomycetes with low evergreen
shrubs), orchidaceous (basidiomycetes with orchids), ectendomycorrhizae (ascomycetes with orchids) and
monotropoid mycrorrhizae (ascomycetes, basidiomycetes with flowering plants that lack chlorophyll eg. Indian pipe.
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2. Biological Nitrogen fixation
* Itis the enzymatic conversion of gaseous nitrogen (N2) to ammonia (NH3).

* Azotobacter, Azospirillum, and Acetobacter are some nitrogen-fixing microorganisms are on the surface of the
plant root, the rhizoplane, as well as in the rhizosphere.

* Symbiotic nitrogen fixation accounts for more than half of the nitrogen used in agriculture (the remainder is
applied as fertilizer).

Root nodulation with leguminous host
* Rhizobium spp. and related a-proteobacteria in association with their leguminous host plants.

* Several a-proteobacterial genera contain species that are able to form nitrogen-fixing nodules with legumes. These
Allorhizobium, Azorhizobium, Bradyrhizobium, Mesorhizobium, Sinorhizobium, and Rhizobium. Collectively these
bacteria are often called rhizobia.

* B-proteobacteria Burkholderia caribensis and Ralstonia taiwanensis also form nitrogen-fixing nodules on legumes.
Stem nodulation with leguminous host

®  Bradyrhizobium BTAi, a photoheterotrophic strain nodulates stem rather than roots of vetch Aeschynomene
sensitiva. Nodules form at the base of roots branching out of the stem just above the soil surface. These plants are
generally found in waterlogged soils and riverbanks. .




Root nodulation with non- leguminous host

Symbiotic nitrogen fixation occurs between actinomycetes of the genus Frankia and eight non-leguminous host
plant families.

These bacterial associations with plant roots are called actinorhizae or actinorhizal relationships. Frankia spp.
are important particularly in trees and shrubs.

The nodules of some plants (Alnus, Ceanothus spp.) can be as large as baseballs. The nodules of Casuarina spp.
(Australian pine) approach soccer ball size.

3. Plant pathogen

Some bacteria and fungi are known to suppress plant diseases through the production of at least three types of
compounds viz., phytohormones (e.g., auxin and gibberellin), volatile organic compounds including acetoin, and
phenazines.

While others act as devastating pathogen causing disease to plants viz., Agrobacterium tumefaciens and
Agrobacterium rhizogenes causes crown gall and hairy root disease, respectively, Erwinia chrysanthemi and E.
carotovora, which cause soft rot disease, Phytophthora infestans causes late blight of potato was responsible for
the Irish potato famine and many more.
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