SOIL BIOLOGY
AQSEO006

Oguz Can TURGAY
Department of Soil Science and Plant Nutrition
Faculty of Agriculture



~ Smal but complicated
> o C“W“%




Biology Pyramid
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Mites (100,000)
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v Nematodes (5,000,000)

Protozoa (10,000,000,000)
Fungi (100,000,000,000)

Bacteria (10,000,000,000,000)

This pyramid represents a food chain showing the diversity of
living organisms found in most soils. The base has lots of
organisms, which tend to be small and support life for organisms
above. Upward through each level, fewer organisms remain until
you get to the top with a single bird. The smallest organisms, it
turns out, are the most abundant.




* Most microorganisms in the terrestrial
ecosystem lives in the soil and the
microbiology of such ecosystems is widely
regarded as soil biology or microbiology

All living organisms can be classified into
two major groups, mainly eukaryotes and
prokaryotes, according to their cell
structure differences



Substructural structural differences
between eukaryotes and
prokaryotes are important.

The names “eukaryotes” and

“prokaryotes” are Greek originated
word.
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Prokaryote cell
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The prokaryote cell contains simple
DNA molecules and a nuclear region
surrounded by membranes

- No real cell nucleus

- Mitochondria and plastids are absent
- The cell contains a heteropolymer
substance called murein



- The eukaryotic cell contains well-defined
nucleus with nuclear membrane that
protects the DNA molecules forming
genetic material

- They have a certain cell nucleus, contain
no mureid

They have mitochondria in the cytoplasm
and plastids in the plant cells



Euocaryote cell
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Eukaryotes are divided into 2 main
- groups

|) multicellular organisms with cells
having specific tasks

1) Unicellular organisms with cells having
same properties




Multicellular organisms are classified in 2
general categories

Plants and animals (depending on energy and
carbon sources, structure, growth type and
movements).

Single cell organisms are divided into 3 general
categories; protozoa, fungus, algae



Prokaryotes

Although bacteria are described as single cells,
they may exist as cell chains or cellular clusters
(colonies)

Actinomycetes are generally branched filaments
and prokaryotes showing a highly complex
internal structure

Algae are actually photosynthetic bacteria
resembling true plants and plants with
chlorophyll. With this feature, they convert light
energy into cellular tissue and functional energy.



Eukaryotes

Fungi and algae are defined as eukaryotes

They contain one or more chromosomes, surrounded by a
nuclear envelope. Similar to all higher organisms, their inner cell
structures are more complex than multicellular plants and
animals.
Algae are less important for bioremediation purposes as
they survive with limited number of organic
compounds.

Most fungi and microalgae are filamentous or single
cells.They show single-cell form or other form at
different stages of life cycles.



Classification of microorganisms
(according to carbon resource)

- YHeterotrophic’ microorganisms (using soil
organic matter as of energy and carbon source)

- Y Autotrophic” microorganisms (using solar
energy and/or oxidizing inorganic compounds and
carbon dioxide as of energy and carbon source.



Classification of microorganisms
(according to their size)

- Macrofauna (earthworms, other arthropods, or
small vertebrates)

- Mesofauna (mites and microarthropods)
-Microfauna (nematodes, bacteria, algae, fungi)



Microflora and microfauna Mesofauna Macro and megafauna
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FIGURE 4.3 Size classification of organisms in decomposer food webs by body width
(Swift et al., 1979).
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Macrofauna is important because
they’re responible for organic
matter deco sition,
predation aﬂoturbation
(mixing of mineral soil by
living microorganisms)



Soil Mesofauna
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Microfauna is the most
abundant in the soil and
mainly responsible for
the decay of organic
matter, nutrient
transfor ns and
cycles,"mn

sequestration” and

disease suppression as
well .Therefore it is

regarded as living part
of soil organic matter.
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Bacteria are some of the smallest of life forms, normally
just 1 to 3 micrometers in length. They are rather
complex, however, because each cell contains
everything needed for life. Plants need bacteria to
convert elements in the soil and air into nutrients
that plants require for growth.



Undestanding soil bacteria
(Classification)

Systematic or taxonomic principles

Physiological and metabolic
differences

Cell structure
Energy requirements
Functionality



Phylogenetic Tree of Life!

Bacteria Archaea
Green
filamentous
bacteria
Spirochetes
Methanosarcina
eI -~ Gram Methanobacterium
( Proteobacteria ¥ Positives
Sem— S = Methanococcus
Cyanobacteria Thermococeus
celer
Planctomyces Thermoproteus
. Pyrodicticum
Bacteroides
Cytophaga
Thermotoga
Aquifex

Source: Karen C. Carroll, Stephen A, Morse, Timothy Mietzner, Steve Miller: Jawetz, Melnick, & Adelberg's Medical Microbiology, 27th Edition,
www.accessmedicine.com
Co ht © McGraw-HIll Education. All rights reserved.
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Phylogenetic Tree of Life

Proteobacteria 1s a major phylum of gram-negative bacteria
including a wide variety of pathogens, such as Escherichia,
Salmonella, Vibrio, Helicobacter, Yersinia, Legionellales and many
other notable genera including “’free-living (non-parasitic) nitrogen
fixing” bacteria

—  Alphaproteobacteria Nitrogen-fixing (Rhizobium), :

. Burkholderiales, ammonia
—  Betaproteobacteria oxidizing, arsenic resistant soil
bacteria

— Gammaproteobacteria | Pseudomonas, Xanthomonas,
Acidithiobacillus

—  Deltaproteobacteria Eerric iron-reducing, sulfyr
reducing

Epsilon Inhabit the digestive tract of
proteobacteria animals and serve as symbiont:

or NW __—— Rhyzobium bacteria

in nodule

Proteobacteria
|

—  Zetaproteobacteria It has a sole member,
Mariprofundus ferrooxydans

According to Bergey's manual of ‘
bacterioloav >




Rhizobium, a symbiont

Rhizobiums are the bacteria capabling to uptake N,
from the atmosphere and transform it into “plant

I available forms” for the plant survival. They live in
the roots of leguminous plants and use carbon
produced by the plant. This relationship between
plant-Rhizobium is therefore called “SYMBIOTIC
NITROGEN FIXATION"”

Taxonomy

Domain: Bacteria
Kingdom: Bactenia
Phylum: Proteobacteria
Class: Alphaprotecbactena
Order: Rhizobiales
Family: Rhizobiaceae
Genus: Rhizobium

Species: Rhizobium leguminosarum
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Bacterial Physiology and Metabolism concerns the life-
supporting functions and processes of bacteria. Most
common characterisation 1s ’Gram staining”’
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Bacterial Physiology and Metabolism concerns the life-

supporting functions and processes of bacteria. Most
common characterisation iIs ‘’Gram staining”’
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Common types ans shapes of bacteria

COCCl BACILLI OTHERS
Streptococci
(Streptococcus v
Vibrios
Diplococci Chain of bacilli
(Streptococcus Ronshplornh (o

pneumaniae) Yetrad
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Spirilla
(Helicobacter pylori)
Flageliate rods
(Salmonetia typhi) MJf
Sarcina Spore-former
(Sarcina (Clostridium Spirochaetes

ventriculi) botulinum) (Treponema pallidum)



Common types and shapes of bacteria
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Staphylococcus aureus Clostridium botulinum Kiebsiella pneumoniae Clostridium tetani
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Streptococcus pneumonioe Bordetella pertussis Neisseria gonorrhoeae Neisseria gonorrhoeae
E. coli : Salmonella Vibrio cholerae Streptococcus pyogenes
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Bacillus cereus Helicobacter pyiori Treponema pallidum



CHARACTERISTICS RESULTS
Gram staining +

Morphology Rod shaped
Aerobic test +
Starch hydrolysis test +
Voges-Proskauer test +
Citrate test P
6.5% Nacl test +
Catalase test +



Different soil microorganisms in numbers
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Biomass distribution of agricultural soils
(0-15cm depth)

M.O. Number per g Biomass (g / m3)
soil
Bacteria 108 160
Fungi 10° 200
Actinomycetes 10°- 106 160
Algae 104- 10° 32

Protozoa 104 38



Classification of soil bacteria according to
their energy and carbon needs

Heterotrophic microorganisms (using organic
nutrients as energy and carbon sources (fungi,
protozoa, bacteria, animals)

Ototrophic  microorganisms (obtaining their
energy from the oxidation of solar energy or
inorganic compounds, and carbon from
assimilation of CO2)

a. Photoototrophs (photolithotrophs), energy derived from
sunlight, algae, bacteria, high plants.

b. Chemoototrophs (chemolithotrophs) are energy derived
from the oxidation of inorganic substances bacteria.



Functionality of soil microorganisms in
soil

Non-rhizosphere Rhizosphere zone
+ PGPR



Effective soil bacteria (Plant Growth
Promoting Bacteria)

/ g N\

y \\\
N!trogen How does it work?? / ;5
Fixation

Biocontrol

Hormone

Production Siderophore

Production

Helps in Nutrient
Nodulation Uptake

Pakagrifarming.blogspot.com



Nodulation of N,
fixing bacteria




Streptomycetaceae

Genus of filamentous bacteria of the family Streptomycetaceae
(order Actinomycetales) including more than 500 species occurring
in soil and water environments.

Important in the decomposition of organic matter in soil

Contributing in part to the earthy odour of soil and decaying leaves
(SMELL OF RAIN)

Characterized as gram-positive aerobic bacteria forming a
threadlike net called a mycelium that bears chains of spores at
maturity.

Streptomyces spp.




S. aureofaciens (chlortetracycline),
S. rimosis (tetracycline),

S. griseus (streptomycin),

S. erythraeus (erythromycin)

S. venezuelae (chloramphenicol).



https://www.britannica.com/science/tetracycline

Streptomycetes

5 different Streptomycetes. All of these bacteria normally
live in the soil and produce antibiotics. Some, for
example, Streptomyces azureus, give off colored
pigments as seen on the plate.



What effects soil bacteria??

Soil environment and temperature
Organic matter quantity and quality
Amount of inorganic nutrients

pH

Moisture

Soil depth

Seasonality

Human being (agriculture, urbanization)



Most fungi, protozoa, all animals and bacteria are
heterotrophic

All heterotrophic organisms assimilate small amounts of
carbon dioxide and autotrophs whileautotrophs use
carbon dioxide as carbon source

Algae, high plants and some bacterial strains are
phototrophic

Chemoautotrophy is a type of diet used for some
bacterial species that are economically and agriculturally
important



Microbial Density in Soll
Bacteria are dominant on the surface soil where plant debris are accumulated
and decomposed into soil organic matter (humus).

Depending on soil conditions and depth, the number of bacteria in the soil
varies between 107 and 10'° cfu (colony forming unit) / per gram soil.

In most cases the number of bacteria is higher than that of Protozoa, algae and
fungi populations. High number of protozoa is usually associated with high
number of bacterial populations.

Soil algakE populations are largely related to solar energy (light and
temperature) and the number of algae gradually decreases through deep layers
of soil

In fact, the amount of organic nutrients decreases through deeper soil layers.
This causes the decrease in soil microbial density .



Bakteriler, bircok kaynaktan eneriji saglayan mikroorganizmalarin
farkli bir grubunu icerirler.

Bazi bakteriler enerjilerinin birden fazla kaynak kullanilarak ornegin,
stk (fotoototrof ya da fotosentetik) yaninda indirgenmis organik
(heterotrof) ya da indirgenmis inorganik bilesiklerden (litotrof ya da
kemoototrofik) saglayabilirler.

Organik kirliligin biyolojik ayrisimi igin esas sorumlu grup heterotrof
bakterilerdir. Litotrofik ya da fotosentetik bakteriler toksik metal ya
da metalimsilerin donusumlerinde onemli olabilirler.

Tum canli organizmalar en sonunda, eneriji ve elementlerin dongusu
icin fotosentetik (ototrofik) ve litotrofik bakterilerle bagimlidirlar.



