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Order of Presentation
•Mood Slides
•Introduction (secrets of the soil)
•Essential Functions of the Soil
•Basic Soil Nutrient and Mechanisms of Plant 
absorbtion

•Major groups of Soil Microbiology
•Beneficial Soil Microbes and Plant Interaction 
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Essential 
Functions of 
the Soil



How many organisms are there in a handful of soil?

Three hundred?

One million - 
Actinomycetes?One thousand - 

Arthropods? Eight million - 
protozoa?Sixty-five million – Fungal 

cells?
There are more living organisms in a handful 

of soil than there are people on earth.

Four hundred million – 
Aerobic bacteria?



Major Groups of 
Soil Microorganisms
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Major Groups of 
Soil Microorganisms

1.  Bacteria
2.  Fungi
3.  Actinomycetes
4.  Protozoa
5.  Algae



Bacteria



Bacteria
• Prokaryotic, single-celled, microscopic organisms. 
• Probably the most important in terms of their effect on 
soil properties.

• Involved in nitrogen transformation, sulfur oxidation 
and reduction, and other chemical processes.

• Population: 106 - 109 CFU/g soil
• Biomass: ~2,000 kg/HFS



Functional groups of Bacteria

1. Decomposers
• Breakdown of organic matter
• Breakdown of pesticides and other 

pollutants
• Release/immobilization of nutrients

2. Mutualists
• Form “partnerships” with plants
• Nitrogen-fixing bacteria



Functional groups of Bacteria

3. Pathogens
4. Lithotrophs or chemoautotrophs

• Obtain energy from compounds of 
nitrogen, sulfur, iron or hydrogen instead of 
from carbon compounds

• Important in nutrient cycling.



Fungi



Fungi
•Large group of eukaryotic organisms that 
includes microorganisms such as yeast and 
molds, as well as the more familiar mushrooms. 

•Fungal cell walls are made up of chitin.
•Mycology - a discipline of biology devoted to the 
study of fungi. 



Fungi
• Fungi are microscopic cells that usually grow as long 
threads or strands called hyphae, which push their 
way between soil particles, roots, and rocks. 

• Hyphae are only a few micrometers in diameter, but 
can span in length from a few cells to many yards. 



Source: https://galianoconservancy.ca/claremont-2-day-adventure/micorrizas-1/

This image of a plant associated with a 
mycorrhizal fungi showing how 
extensive a fungal hyphae can be



Fungi
• Dominant in acid soils, because acidic environment is 
not conducive / suitable for the existence of either 
bacteria or actinomycetes. 

• Also present in neutral and alkaline soils and some 
can even tolerate PH beyond 9.0

• Population : 104 – 105 CFU/g soil
• Biomass: ~8,000 kg/HFS



Upland soil Lowland soil 

A microscopic image of a soil microcosm showing the presence of several 
fungal hyphae in upland soils while very few were present in a lowland soil.

Image courtesy of SOIL 120 Class of 2017
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Functional Groups:

• Decomposers
• Pathogens (Parasites)
• Mutualists - Mycorrhizae



Roles of Fungi
• Play an important role in the decomposition of cellulose, 
hemi cellulose, starch, pectin, and lignin in the organic 
matter added to the soil.

• Serve as food for bacteria.
• A number of soil fungi form mycorrhizal association with 
the roots of higher plants and helps in mobilization of soil 
phosphorus and nitrogen. 



Mycorrhiza
•From the Greek words “mykós” (fungus) and “riza” 
(root).

•A symbiotic association composed of a fungus 
and roots of a vascular plant.

•The fungus helps the plant to capture water and 
nutrients (N, P, S).



Mycorrhiza
•Mycorrhizal plants are often more resistant to 
diseases, such as those caused by microbial 
soil-borne pathogens.

•Fungi have been found to have a protective role 
for plants rooted in soils with high metal 
concentrations.



Mycorrhiza
•Two types

• Ectomycorrhiza
•Amanita, Boletus, Entoloma, 
Lactarius 

• Endomycorrhiza 
• Arbuscular mycorrhiza 
•Glomus, Gigaspora, Aculospora

















Actinomycetes



Actinomycetes
• Aerobic, Gram-positive bacteria which predominantly 
and essentially give rise to specific branching filaments or 
asexual spores or hyphae.

• Genus Actinobacteria
• Intermediate between bacteria and fungi.
• Unicellular like bacteria.
• Produce conidia / sporangia like fungi, but produce a 
non-septate and more slender hyphae.



Actinomycetes
•Heterotrophic
•Aerobic : some microaerophilic
•Acid Sensitive (Critical pH = 5.5)
•Population: 105 – 106 CFU/g soil
•Biomass: ~ 4000 kg/HFS
•On culture media, actinomycetes colonies grow 
slowly, show powdery consistency and stick firmly 
to agar surface. 



Actinomycetes
Roles:

1. Important in the degradation of organic materials in the 
soil, including lignin.

2. Contribute to the formation of stable humus.
3. Ability to produce antibiotics –streptomycin, neomycin, 

erythromycin, tetracycline.





On the foreground are Cavendish banana plants that died due to Fusarium oxysporum TR4 while at the background 
are ACTICon-treated plants in a field trial in Sto. Tomas, Davao del Norte. 
(Image credit: UPLB-BIOTECH)



Algae



Algae
• Present in most of the soils where moisture and sunlight are 
available. 

• Photoautotrophic - obtain CO2 from atmosphere and energy 
from sunlight and synthesize their own food. 

• Aerobic
• They can be unicellular, filamentous or colonial.
• Population:  103 – 105 CFU/g soil
• Biomass: ~ 250 kg/Ha



ALGAE
• Two major groups:

• Eukaryotic algae
• Prokaryotic cyanobacteria

• Major groups in the soil
• Cyanobacteria or Blue-green algae (Cyanophyta) 
• Green algae (Chlorophyta)
• Diatoms (Bacillariophyta)
• Yellow-green algae (Xanthophyta)



Roles in the Soil
1. Primary producers
2. Biological weathering of minerals
3. Nitrogen fixation
4. Stabilization of aggregates
5. Beneficial interactions

1. Endosymbiotic algae and plants
2. Lichen- combination of algae and fungus





    

Beneficial 
Soil Microbe – Plant 

Interactions



Rhizosphere

The root environment zone that stimulates the 
growth of microorganisms that use root-derived 
compounds as sources of C, N, and energy.

• The zone of soil immediately adjacent to plant 
roots in which the kinds, numbers, or activities of 
microorganisms differ from that of the bulk soil 
(Sylvia, 1999).



Rhizosphere
• The term was first used by Hiltner in 1904 to describe the 
zone of soil under the influence of roots. 

• The area of increased microbial activity
• Can extend to more than 5 mm from the root.
• The significance of the rhizosphere arises from the release 
of organic materials from the root and the subsequent 
effect of increased microbial activity on nutrient cycling 
and plant growth.



Rhizosphere
• “bio-influenced zone” - the portion of the 
environment with which an organism interacts 
(Hinsinger et al., 2008) 

• Also considered as “a hot spot of activity” within soils 
and the ‘bottle neck” of:

• Supply of vital elements to sustain ecosystem productivity 
and integrity and food security 



Rhizosphere interactions
– the belowground foodweb

Zone within 2 mm of roots – hotspot of biological activity
• Roots exude C & cells slough off = lots of goodies for soil microbes 🡪 lots of microbes for their 

consumers (protozoans, arthropods)
• “Free living” N2-fixers thrive in the rhizosphere of some grass species

Fine root





Rhizosphere
• The physiological activities of all organisms in the 
rhizosphere will result in changes of soil parameters and 
processes that determine nutrients' availability.

• Bioavailability of nutrients varies from one species or even 
from one genotype to another within a single species, 
depending on plant ability to alter rhizosphere processes 
and properties.



Other areas in the plant-soil interface:
• Spermosphere: area of increased microbial activity 
around seed (imbibing, germinating) in soil - 1 to 20 mm 
zone.

• Rhizoplane: The surface of a plant root and any strongly 
adhering soil particle

• Root: The area inside the plant root. Microorganisms that 
colonize the inside of a plant root are called endophytes.

• *** Ectorhizosphere and Endorhizosphere







Beneficial microbe-plant 
interactions in the 
rhizosphere



• Various microbial interactions occur in the rhizosphere.
• Beneficial, harmful or neutral

• Beneficial activities of microorganisms in the rhizosphere 
include: 
✔ Decomposition of plant residues and mineralization of 

nutrients.
✔ Biological nitrogen fixation
✔ Production of plant growth hormones
✔ Biocontrol of pests
✔ Increased nutrient availability through mycorrhizal 

associations



Plant Growth-Promoting Rhizobacteria (PGPR)

•Beneficial bacteria that colonize plant roots and 
enhance plant growth through a variety of 
mechanisms that include improvement of plant 
nutrition, production and regulation of 
phytohormones, and suppression of 
disease-causing organisms.



Types of plant-microbe associations

�Endophytic
�Symbiotic
�Associative
�Free-living

Different types of association between plant roots and beneficial soil bacteria







Surface-sterilized root of FL478, a salt-tolerant rice variety, 
grown on saline soils. Stained with acridine orange.

Source: Organo, 2013



Plant Growth-Promoting Bacteria (PGPB)
• Bacteria that can promote plant growth.
• Include bacteria that are:
� Free-living or associative
� Form specific symbiotic relationships with plants (e.g., Rhizobia spp. 

and Frankia spp.)
� Bacterial endophytes that can colonize some or a portion of a 

plant’s interior tissues
� Cyanobacteria (formerly called blue-green algae)

• Mechanism could either be direct or indirect.



Direct mechanism of PGPB
A. Resource Acquisition

a. Nitrogen fixation*
b. Phosphate solubilization*
c. Sequestering Iron

B. Modulating phytohormone levels
a. Cytokinins and Gibberellins 
b. Indole acetic acid (IAA)
c. Ethylene
d. ACC-deaminase



Indirect mechanism of PGPB
❖Biocontrol
✔ Production of antibiotics 
✔ Production of siderophores
✔ Competition
✔ Induced Systemic Resistance (ISR)
❖Modulating the effect of environmental stress



Technologies Developed 
Through Research on Beneficial 

Plant-Microbe Interaction





Taken from the presentation of Dr. Pedro, resource person
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Laboratory Research

Field Research

Farmer’s field

Major Activities in the Development of 
Microbial Inoculants

• Isolation and purification
• Screening 
• Pot experiments

• Field trials
• Multi-location trials

• Naming and Packaging
• Quality control
• Farmer’s Training

• Follow-up/field visits
• Development of Demo-farms

Promotion

Commercialization / 
Technology Transfer

Standards



Thank you! 



Questions and Clarifications


