
Soil Organisms

Diversity – size, genetics, energy, trophic level, etc…

Biomass – > 1500 g / meter2 (fungi)

Number – 10 to 103 earthworms / m2

– 109 to 1010 protozoa / m2

– 1013 to 1014 bacteria  / m2

Distribution – dry to wet & cold to hot

Roles – function within the soil environment



Soil Organisms play critical roles in Soil Dynamics 
– beneficial, neutral and detrimental

Trophic Levels – primary producers, etc…

Soil Structure

Infiltration/Aeration

Carbon and Nutrient Cycling



Earthworms



Earthworm densities on silty clay loam fields 
near West Lafayette, Indiana, 

- devoted to various agricultural production systems for at least 10 years 

Continuous corn, plowed --10 earthworms per square meter 
Continuous corn, no-till --20 earthworms per square meter 
Continuous soybean, plowed --60 earthworms per square meter 
Continuous soybean, no-till --140 earthworms per square meter 
Bluegrass-clover --400 earthworms per square meter 
Dairy pasture, manure --340 earthworms per square meter 
Dairy pasture, manure (heavy) --1,300 earthworms per square meter



Soil Structure, Infiltration/Aeration and Nutrient Cycling



Soil Structure, Infiltration/Aeration and Nutrient Cycling



Soil Structure



Charles Darwin conducted an earthworm experiment where he spread chalk over 
grassy field. Upon returning in 29 years, (yes he was strange, but he was also 
patient), the worms had piled 6 inches of soil (castings) on top of the chalk line.



Infiltration/Aeration

Simulated 
earthworm 

track in a soil 
column





Infiltration/Aeration



Table 1. Properties of earthworm casts and of soil from cultivated fields. 

Compound Casts 0-6" Soil Depth 8-16" Soil Depth 
Total Nitrogen 0.353 0.246 0.081 
Organic carbon (%) 5.17 3.35 1.11 
Carbon : Nitrogen ratio 14.7 13.8 13.8
Nitrate nitrogen (ppm) 21.9 4.7 1.7 
Available phosphorus (ppm) 150.0 20.8 8.3
Exchangeable calcium (ppm) 2,793.0 1,993.0 418.0
Magnesium (ppm) 492.0 162.0 69.0
Potassium (ppm) 358.0 32.0 27.0
Total calcium (%) 1.19 0.88 0.91 
Total magnesium (%) 0.545 0.511 0.548 
Percent saturation 92.9 71.1 55.5 
pH 7.0 6.36 6.05
Moisture equivalent (%) 31.4 27.4 21.1

Source: Lunt, H. A. and G. M. Jacobson, The Chemical Composition of Earthworm Casts. 
Soil Science, 58:5 (1944). 



Another effect on the environment is that the casts are always 
more neutral (closer to pH 7) then the surrounding soil.

This helps neutralize the acids or alkali that may be present in the soil thereby 
optimizing the pH for the root development of majority of cultivated plants.

A mucosal substance rich in proteins 
lines the wall of the burrows. This substance in turn 

serves as energy source for microbes.

The concentration of nitrifying microbes has been 
observed to be about 40% higher in the burrows then in the rest of the soil.









Soil Bacteria – Eubacteria and Archaebacteria









Constraints and Adaptations

Physical Constraints:

Temperature

> 35OC

-Kills less heat-tolerant

-induces spore formation

≤ 0OC

-stops microbial growth
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Soil Salinity
- bacteria are more tolerant than plants
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C:N Ratio – Rule of Thumb

10:1 average biomass of microorganism

15/20:1 ideal food source










