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Soil Basics

What is soil?

Soil is the outer, loose earth material that is 
distinctly different from underlying bedrock.

It is the subsurface regions  that supports life.

Soil is made up of many things, such as weathered 
rock and decayed plant and animal matter.



Soil Basics

What is soil?

Soil is formed over a long period of time.

Soil is formed from the weathering of rocks and 
minerals.

Weathering is the process of breaking down of 
rocks.

There are three types of weathering processes:
Physical
Chemical
Biological



Soil Basics

Healthy landscape soils perform five key 
functions

Substrate for anchorage and growth of vegetation

Regulator for water supplies

Recycler of raw materials and chemicals

Habitat for organisms

Landscaping and engineering medium



Soil Basics

Healthy landscape soils have five components

Minerals

Organic matter

Water

Air

Organisms



50% of volume is typically 
solid made up of 
weathered mineral rock 
and organic material

50% of volume is pore 
space with varying 
proportions of water and 
air

water

air

organic matter

mineral

← solidspore space →

Soil Basics

Healthy soils perform have five components

Note: Organisms occupy the water, air and organic matter fractions of soil



Soil Basics

Weathered mineral rock – solid particles of various sizes 
and origins



Soil Basics - Texture

The fine earth fraction of soil is composed or varying 
amounts of sand, silt and clay.  Their characteristics 
greatly influence soil behavior and management. 



Soil particle arrangement

Most particles are grouped 
into aggregates.

Macropores - large spaces 
between aggregates, allow 
drainage and aeration.

Micropores - small spaces 
between particles, allow 
retention of water and 
nutrients.

Soil Basics - Structure



Soil moisture 

A saturated soil has all pores filled with water
A soil is at field capacity gravitational water has drained away.  
Roots draw water from soil as long as they are able to overcome the 
forces of adhesion (which hold water to soil particles).
The permanent wilting point is when plants cannot pull any more water 
from the soil, remaining water is unavailable. 
Clay soils have more micropore space and a higher surface to volume 
ratio than sandy soils (↑ water holding capacity).

Soil Basics



Healthy Soil Profile

O horizon:  organic layer
A horizon:  topsoil, first distinct layer, 
normally rich in organic matter, contains 
absorbing roots of trees
B horizon:  subsoil or zone of 
accumulation, contains fine textured 
materials from the A horizon and soil 
particles from the lower parent material
C horizon:  lowest layer, composed of 
rocky parent material
R horizon:  un-weathered rock is the 
lowest horizon found in residual soils

Soil pedon graphic from NRCS website:
http://soils.usda.gov/education/resources/k_12/lessons
/profile/

Soil Basics

Key: In deserts, the O and A horizons are poorly developed to non-
existent, except in the river flood plains and agricultural lands.



Soil Organic Matter – do urban trees need it?

As soil organic matter decays, nutrients (N, S and C) are slowly 
released for use by organisms living in the soil, including tree 
roots.

Soil Basics



What is ‘Hardpan’ or ‘Caliche’?

Because evapotranspiration of water from soil is so much greater 
than precipitation in arid regions an accumulation of calcium 
carbonate (CaCO3) occurs in the B horizon. This is called caliche or 
“hardpan”. It is a hardened solid layer (much like concrete) that is 
almost impervious to water, air and roots. 

Caliche hardpan thickness - a few inches to more than 30 feet.

Caliche hardpan can create a “perched” water table.

Soil Basics



Chemical reaction (pH)

Fertility

Salinity

Soil Chemistry

The three aspects of soil chemistry



Soil pH = negative log of [H+] ions in soil. Measured on a scale of 1 to 14 
with 1 to 7 = acidic; 7 to 14 = basic; 7 = neutral.

Biologically viable terrestrial pH range is 4 to 9.

pH influences plant growth through it’s effect on the solubility of ions 
and activity of microorganisms.

Desert soil is usually basic (pH above 7.0) and reduces availability of 
some cations (+ charged nutrients).

Note: It is difficult to alter the soil pH to create more desirable growing 
conditions.  Sulfur may be added to lower the pH, or lime may be added 
to raise pH. However, altering pH is usually not practical for arborists 
because the volume of soil in the tree root area is so great.  Also, many 
soils have a high buffering capacity, or resistance to change in pH, 
especially soils high in clay or organic matter.

Soil Chemistry

Chemical reactions (pH)



Soil Chemistry

Fertility

Desert soil pH range

Nutrient availability 

changes with changes in 

pH.

A pH range of 5.5 to 7.0 

seems to be best to 

promote the availability of 

plant nutrients.

In desert soils, availability 

of P, Fe, Mn, Cu, B, and Zn 

is generally limited. 



Salts can accumulate from 
irrigation water, high 
ground water or de-icing 
salts

Salts decrease growth of 
sensitive plants, kill leaf 
margins, and might cause 
death

Salts decrease availability 
of water to plants because 
of increased osmotic 
tensionSAR (sodium adsorption ratio) 

SAR is relative amounts of sodium

salts compared with calcium and 

magnesium salts

Soil Chemistry

Soil Salinity



What is the effect of salt composition on soil structure?

Clay particles can be unattached to one another (dispersed) or 
clumped together (flocculated) into aggregates.  Soil aggregates are 
cemented clusters of sand, silt, and clay particles.

Dispersed Particles Flocculated Particles

Este es bueno dudos! 

Porque?

Este es muy pobre dudos!

Soil Chemistry



Flocculation is important because water moves mostly in large pores 
between aggregates.  Also, plant roots grow mainly between aggregates.  

Bueno!

Soil Chemistry



In all but the sandiest soils, dispersed clay plugs soil pores 
impeding water infiltration and soil drainage.

Muy Pobre!

Surface compaction

Soil Chemistry



We can divide cations (+) into two categories based on their chemical 
valence number

Poor flocculators (1+ valent) – dispersed or deflocculated soil

Sodium (Na+)

Potassium (K+)

Good flocculators (2+ valent) – chunky soil

Calcium (Ca2+)

Magnesium (Mg2+) Ion
Relative 

Flocculating Power

Sodium Na+ 1.0

Potassium K+ 1.7

Magnesium Mg2+ 27.0

Calcium Ca2+ 43.0

Sumner and Naidu, 1998

Chunky power

Dispersed

Soil Chemistry

Flocculating Agents



Soil Classification EC SAR Condition

Normal <4 <13 Flocculated

Saline >4 <13 Flocculated

Sodic <4 >13 Dispersed

Saline-Sodic >4 >13 Flocculated

Soils can be classified by the amount of soluble salts (EC) 
and sodium (Na) status (SAR).  

This classification can tell us something about soil 
structure.

Soil Chemistry
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Plant roots

Soil animals

Insects, worms, protozoa and nematodes

Soil microflora

Algae, bacteria, actinomycetes and fungi

Soil Biology

In a healthy soil system, debris of dead plant and 
animals (detritus) is continually added to the soil where 
it is attacked by various microflora and detrivores.

Life in the Soil



What is the rhizosphere?

The rhizosphere is the zone surrounding the roots of 
plants in which complex relations exist among the plant, 
soil microorganisms and the soil itself. 

The plant roots and the ‘biofilm’ associated with them can 
profoundly, influence the chemistry of the soil including 
pH and nitrogen transformations. 

Soil Biology



The rhizosphere is the effective volume of soil favorable for root 
growth.  The urban “rhizosphere” is generally shallow, less than 3 feet.

The “rhizosphere” volume influences:
1. Water and nutrient reservoir carrying capacity.

2.  The potential depth of rooting, size potential of a root 
system, and ultimately tree size.

Very shallow less than 12 inches
Moderate between 24 and 36 inches
Very deep greater than 48 inches

Soil Biology

What is a rhizosphere?  Where the roots are.



CarbonH20 and mineral nutrients
Mineral nutrients and carbon

Water
Carbon

Note: Landscape trees grow a pancake root system, the majority of which is 
within 18 inches of the soil surface. 

Soil Biology



Carbon in 
exchange for 15 
mineral nutrients, 
especially 
phosphorus, and 
water

Fine roots

Fungal hyphae

Soil Biology

Mycorrhizae - An intimate and often beneficial soil 
association between a certain type of fungi and roots. 



Mycorrhizae - An intimate and often beneficial soil 
association between a certain type of fungi and roots. 

Flow of complex 
carbons 
compounds

Flow of 
complex 
inorganic 
nutrients

Mycorrhizal fungi

Plants

Soil chemistry factors effect to what extent this association is 
beneficial to plants.

Soil Biology

SugarsPhosphorus



Soil Biology

Mycorrhizae - An intimate and often beneficial soil 
association between a certain type of fungi and roots. 



Soil Biology

How do mycorrhizal fungi benefit landscape trees?

They improve water and nutrient uptake, especially 
phosphorus.

They improve soil aeration porosity and aggregate binding 
potential.

This increases tree root growth

And allows for faster transplant establishment

They improve soil disease and environmental stress 
resistance.



Desert soils are:

Heterogeneous – lack spatial consistency and regularity 
Calcerous - high calcium carbonate content.
Generally unbalanced = high clay or sand content
High pH (generally over 8.0)
Highly mineral with a low organic content
Easily made saline by poor quality irrigation water

Note: Trees are sensitive to one or all of these factors.

Characteristics of desert soil



What Are Healthy Landscape Soils?

Healthy landscape soils perform five key 
functions

Substrate for anchorage and growth of vegetation

Regulator for water supplies

Recycler of raw materials and chemicals

Habitat for organisms

Landscaping and engineering medium



Healthy landscape soils have a balanced 
mixture of physical, chemical and biological 
properties:

Promote root growth

Accept, hold, and supply water

Hold, supply, and cycle mineral nutrients

Promote optimum gas exchange

Promote biological activity

Accept, hold, and release carbon

Support ecosystem services

What Are Healthy Landscape Soils?


