FUNDAMENTALS OF SOIL SCIENCE

4. BULK DENSITY, POROSITY AND AERATION

A. density and weight relationships
Particle density and bulk density

· Particle density, is the mass of a unit volume of soil solids.
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For mineral soils, particle density is considered to be 2.6 gr/cm3
· Bulk density, is the mass of a unit volume of dry soil, including the voids and solids.
Bulk density is most commonly expressed in grams per cubic centimeter, but may also be written as pounds per cubic foot, pounds per acre furrow-slice or kilograms per hectare layer. 
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Normals bulk densities:

· Organic soils: 0.2 gr/cm3
· Clay textured soils: 1.0 gr/cm3
· Loam textured soils: 1.3 gr/cm3
· Sand textured soils: 1.6 gr/cm3
Organic soils are composed mainly of light organic particles. These organic particles create a very porus soil with very low bulk density values. 

Remember, bulk density is related to the total amount of pore space in a soil, the greater the amount of pore space, the lower the bulk density.

The major difference between the bulk density values of mineral soils is due to the porosity.

Bulk density of a soil is inversely related to porosity.
Typical values

1 gr= 1ml= 1 cm3

Weight of water= 62.4 lbs/ft3
1 Acre= 43560 ft2
bulk density affects
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As bulk density increases, total pore space decreases. 

B. Soil Weight
 

The calculation that is used to determine the weight of a given volume of soil is: 
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Relative density=BD

Saturated= (Mass Soil+Mass Macropores+Mass Micropores)

Field capacity=(Mass Soil+Mass Micropores)

Oven dry=(Mass Soil)

C. SOIL pore space AND POROSITY

Pore space is the volume or amount of space within a soil that is not occupied by particles of mineral and/or organic matter. 

Three factors that affect the amount of pore space are soil texture and structure and compaction. 

Porosity, the volume percentage of total pore space.

Effects of texture and structure on porosity
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Spheres in closet packing result in a porosity of 26%, and spheres in open packing have a porosity of 48%. 
Types of pores
The size of the pores in the soil is as important as the total amount of pore space. 

· Macropores, normally air filled at field capacity. Macropore space is important for air and water movement. Normally, a day after a rain or irrigation, macropores are filled with air.

· Micropores, normally water filled at field capacity. Micropore space is important for water storage. Normally, a day after a rain or irrigation, micropores are filled with water. 
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Calculations
· porosity.
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RD=2.6 gr/cm3
· % Porosity.
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Weight water=Satured weight – Oven dry weight
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· % Macroporosity.
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· % Microporosity.
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or
%Mic.por.=(%P - %Mac.Por.)
· % Solids.
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or

%Solids=(100% - %P)
% Macropores+%Micropores=%Porosity

%Porosity+%Solids=100%
D. Soil Compaction

Compaction results in a decrease in volume for a given mass of soil while the weight remains the same. 

Compaction reduces the total amount of soil pore space and the average size of soil pore spaces. 
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