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Week 1
Physical Properties of Soil
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WHAT IS SOIL?

https://www.nrcs.usda.gov/conservation-basics/natural-resource-concerns/soil/soil-health



Looking at research 
that the BFA has 
performed over the 
past 10 years, the 
resulting data shows 
that the main 
determinant of 
nutrient dense food 
is the health of the 
soil, namely the 
microbial population 
and diversity of 
microbes.



What is Soil Health?

The continued capacity of the soil to function as a 
vital living ecosystem that sustains plants, animals, and 
humans



List a function of soil:



Soil Functions



Soil Health



Soil HealthShort Video:  The Importance of Soil
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HOW IS SOIL FORMED?
                   

The underlying 
rocks and 
minerals from 
which soil is 
formed

Soil Formation
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CLIMATE Soil Formation
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Soil FormationLIVING ORGANISMS 
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TOPOGRAPHY 

Affects water movement 
Water runs off slopes, making them 
drier

Water accumulates in low areas, 
making them moist 

Affects leaching, chemical reactions, 
and types of vegetation 

Soil Formation
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TIME 

• Initially, a thin layer of soil forms on parent material
– May take as little as a hundred years to form under warm, humid conditions 

• Weathering continues, many generations of plants live and die
– Soils become deeper and increase in organic material
– Leaching carries materials deeper and creates soil profile 

• Mature soils can be productive, but as soils continue to age, they may become 
highly leached and less productive 

Soil Formation
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• Another factor influencing soils 

• But our actions are:  - Most rapid  - Dramatic   - Different from any others

• Effects can be subtle:  -  Ex: air pollution

• Effects can be dramatic:  - Ex: Mass movement of land 

• We can also have a positive effect…

Soil FormationHUMANS 



Soil Formation



Physical characteristics of soil

 Color
 Texture
 Structure
 Bulk Density
 Physical testing of soil ‘in the field’
 Organic Matter



SOIL COLOR 
Color is indicative of:
• Organic matter content
• Drainage 
• Aeration

Color appears when particles become painted with 
some coloring agent (decaying organic material, iron 
oxides) 



SOIL COLOR 
• Influenced by its mineral composition as well as water and organic contents
• Soil needs only about 5% organic material to appear black when wet.
•  Soil color is also a reflection of its age and the temperature and moisture 

characteristics of the climate. 
• Color influences the rate of soil warming in the spring and cooling in the fall. 

Dark soils absorb more heat than do more reflective, light-colored soils





Black:  high organic matter (humic acid)
Red/Yellow:  oxidized iron, good drainage 
Grey:  poorly drained, waterlogged
White:  high gypsum or calcium carbonate

high quartz, gypsum, or calcium carbonate content.
high quartz, gypsum, or calcium carbonate content.
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PHYSICAL PROPERTIES OF SOIL
SOIL TEXTURE

Soil texture refers to the proportion of 
sand, silt and clay sized particles that 
make up the mineral fraction of the soil.



SOIL TEXTURE

The proportion of the three 
sizes of soil particles – 

sand (large) 
silt (medium)

clay (small)

Soil Physical Processes

The most fundamental property of soils 
Influences other soil traits: water holding capacity, aeration, nutrient retention





SOIL TEXTURE TEST – THE JAR METHOD
 

INSTRUCTIONS: • Fill mason jar with 2/3rds soil, fill 
rest of jar with water.

• Add a teaspoon of dish soap; the 
detergent acts as a surfactant that 
helps separate out the different 
soil particles.

• Shake the jar well and let sit for a 
day. The separation of the soil into 
layers of different thicknesses will 
tell you the dominant 
characteristics of your soil.

-book: The Market Gardener, p. 22



The USDA Soil Textural Triangle

• Draw a horizontal line to the right of the 
percent clay

• Draw a line downward and to the left from 
the percent silt

• Draw a line up and to the left from the 
percent sand

 
 15% clay, 60% silt, 25% sand

These threes lines will intersect at a point 
inside the triangle, indicating soil texture type



Ribbon Test to determine Soil Texture
Determining soil texture using the “hand feel” method.  
Follow instruction from the Flowchart for Estimating Soil Texture by Hand Feel Method. 



Soil Physical Processes

COMPARATIVE 
RATES OF WATER 
MOVEMENT INTO 
A SANDY LOAM 

AND 
A CLAY LOAM
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SOIL STRUCTURE
Soil structure refers to the way soil particles clump together into large units (soil 
aggregates)

Soil Physical Processes



Soil Physical Processes



Soil Physical ProcessesWATER MOVEMENT IN SOIL. EFFECT OF STRUCTURE 



Soil Physical Processes

https://www.youtube.com/watch?v=cmdoDjKwEo4&t=1s   (14:05)

Carol Roszell (American Farmland Trust) talks about Soil Structure

https://www.youtube.com/watch?v=cmdoDjKwEo4&t=1s


Soil Physical Processes



Soil Physical Processes
SOIL  STRUCTURE



Soil Physical ProcessesCOMPACTED SATURATED SOIL
Traffic, splashing rain or irrigation, and cultivation tend to destroy soil structure, resulting in soil compaction. 
A compacted soil is one in which porosity has been reduced with a corresponding increase in bulk density. 
Soil structure will become more ‘platy/massive’
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Soil Physical Processes

Bulk density is an indicator of soil compaction and soil health.
 Inherent factors that affect bulk density such as soil texture cannot be changed. 

Bulk density is dependent on soil organic matter, soil texture, the density of soil 
mineral (sand, silt, and clay) and their packing arrangement. 

BULK  DENSITY
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Soil Physical Processes

Bulk density typically increases with soil 
depth since subsurface layers are more 
compacted and have less organic matter, 
less aggregation, 
and less root penetration compared to 
surface layers, therefore contain less pore 
space.

BULK  DENSITY



Physical characteristics of soil

 Color
 Texture
 Structure
 Bulk Density
 Physical testing of soil ‘in the field’
 Organic Matter







How can compaction be 
reduced?

• Reduce the number of trips 
across the area.

• Till or harvest when the 
soils  are not wet.

• Reduce the pressure of 
equipment.

• Maintain or increase organic 
matter in the soil.

• Harvest timber on frozen 
soil or snow
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Moisture content varies considerably
with factors such as soil drainage and the amount and 
frequency of rain or irrigation. 

For most agricultural crops, conditions are best 
when the pore space is filled about equally
with water and air

SOIL ORGANIC MATTER
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SOIL ORGANIC MATTER
• Ideal: 3-5% mineral soils, 5-8% intensive veggie/market garden

• Feeds microbes à releases nutrients through decomposition

• Increases CEC à OM = ‘biological CEC’

• Improves soil structure, water-holding, and infiltration

• Healthy OM means steady Carbon Dioxide for plants and microbes



Soil Health
Just a 1% increase in soil organic matter can boost yields, reduce inputs, and improve resilience.


