
Microbial Ecology

Interactions between microorganisms and their environment or between
microorganisms and other biological components of ecosystems.

Interactions between microorganisms and their environment (Abiotic factors)

 Soil microflora
 Aquatic microflora
 Aero-microflora
 Microbial biogeochemical processes of nutrient cycling and biodegradation

Interactions between microorganisms and other biological components of
ecosystems (biotic factors)

• Microbe-Microbe Interactions
• Microbe–Plant Interactions
• Microbe–Animal Interactions



Microorganisms in Terrestrial Environments



Soil is the habitat for a variety of organisms, including bacteria, fungi,

protozoa, insects, nematodes, worms, and many other animals. Viruses

also are present in soils. This complex biological community contributes

to the formation, maintenance, and in some situations, the degradation

and disappearance of soils.

In the upper layer of soil (top soil up to 10-30 cm depth), the microbial

population is very high which decreases with depth of soil. Bacteria are

found most frequently on surfaces within smaller soil pores (2 to 6 µm in

diameter).

Soils as an Environment for Microorganisms



Soil components responsible for microbial population in soil 

• Inorganic matter
• Organic matter
• Soil air & water
• Soil Organisms

• The subsurface supports a varied and diverse microbial community. These

microorganisms are maintained by nutrient sources such as materials

leaching from the surface, decomposition of buried plant remains, and

methane synthesis.

• Concentrations of Oxygen and Carbon Dioxide in the Atmosphere of a

Tropical Soil under Wet and Dry Conditions

• The microorganisms are in close physical contact with oxygen; they are

located in thin water films on the particle surfaces where oxygen is present

at high levels

• Insects, nematodes, and other soil animals interact with microorganisms to

influence nutrient cycling and other processes.



Importance of soil microorganisms

• affect the structure and fertility of different soils.

• contribute to nutrient availability in soil (Organic Matter 

decomposition, humus formation, N-fixation, seed 

germination)

• manage soil stability by different biochemical processes

• Degrade pesticides and chemicals in soil

• Contribute the growth and success of the plants and 

overall ecosystem of a soil environment.



Microbial Diversity in Soil

Types of Microorganisms

• Bacteria
• Actinomycetes
• Fungi
• Algae
• Protozoa
• Viruses



The Microenvironment—The World of Microorganisms in Soil. 

Bacteria tend to be present as isolated microcolonies on surfaces and in 
pores, which are covered by thin water films. 
Filamentous fungi are able to grow on and between these aggregated 
particles, or peds. 
Protozoa move in water films.



Geosmin: the major chemical produced by
actinomycetes and cyanobacteria that gives
soils their characteristic odor

The filamentous actinomycetes, primarily of the genus
Streptomyces, produce an odor-causing compound called
geosmin, which gives soils their characteristic earthy odor



Bacteria

• Prokaryotic (simple cell structure with no internal organelles)

• Smallest organisms in the soil

• Most abundant microorganisms in the soil

• Bacteria thrive in soil as cocci , bacilli, or spirilli

• Bacteria are grouped as

Mesophiles

Psychrophiles or cryophiles

Thermophiles



There are basically four functional soil bacteria groups including

(1) Decomposers

Saprophytic bacteria breakdown dead organisms to return

essential nutrients to the soil

(2) Mutualistic bacteria i.e. Nitrogen fixing bacteria ex. Rhizobium,

Bradyrhizobium, Frankia

(3) Pathogenic bacteria i.e. Clostridium botulinum, Erwinia carotovora,

Xanthomonas, Streptomyces scabies

(4) Lithotrophic bacteria

Nitrifying bacteria i.e. Nitrobactor, Nitrosomonas

Biochemical cycles



Actinomycetes

• Actinomycetes are fungi like bacteria forming long filaments

• Transitional group between bacteria and fungi.

• Active in degrading more resistant organic compounds.

• Optimal growth under high pH, high temp. and water stress

Characteristics

Similarities to bacteria

• Prokaryotic
• sensitive to anti-bacterials
• resemble bacteria in size, shape and gram-staining properties.

Similarities to fungi

• shape and branching properties, spore formation
• Reproduction mechanism



• Organic Matter Decomposition

Attack the highly complex and decay resistant compounds
like cellulose, lignin, chitin.

Actinorhizae: (Actinomycete associations with plant roots, called 
actinorhizae or actinorhizal relationships)

Nitrogen fixing actinomycetes can form associations with 
woody plants i.e. Casuarina, Allocasuarina, Hippophae, 
Alnus
(Nonleguminous Nodule-Bearing Plants with Frankia 
Symbioses)

• Production of antibiotics: 
One of the important characteristics of the actinomycetes is 
their ability to produce Antibiotics, like Streptomycin



Fungi

Most abundant soil microorganism after bacteria
Possess filamentous mycelium composed of individual hyphae
Fungi are dominant in Acid Soils
Some fungi, like yeasts, can survive in anaerobic environments



Cellulose decomposing fungi

Ascomycetes and Deuteromycetes
(such as Aspergillus , Penicillium , Chaetomium , Trichoderma , 
Fusarium , Alternaria etc.)

Hemicellulose decomposing fungi:

Alternaria
Fusarium
Trichoderma etc. 

Pectin decomposing fungi
Rhizopus
Geotrichum
Monilia etc. 

Lignin decomposing Fungi:
Phanerochaete chrysosporium


