
What Makes A Soil Fertile?
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Air Air –– 25%25%

Water – 25%

Organic Matter –5%

Minerals – 45%
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Soil 
Composition



Soil Structure
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MINERAL IONSMINERAL IONS
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What are the most essential 
minerals for plants?
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All plants are composed of 
the following minerals

Element Concentration Absorption Major Purpose

Carbon 44 to 46% CO2
component of organic 

compoundsOxygen 42 to 44% H2O or O2

Hydrogen 5 to 6% H2O

Nitrogen 3 to 5% NO2 or NH4 amino acids, proteins & 
chlorophyll

Potassium 0.5 to 6% K osmosis, ionic balance

Calcium 0.2 to 3.5% Ca cell walls, membranes 
& enzymes

Phosphorus 0.1 to 0.8% H2PO4 component ATP & ADP, 
conenzymes

Magnesium 0.1 to 0.8% Mg chlorophyll, enzyme 
activator

Sulfur 0.05 to 1% SO4 amino acids, proteins & 
coenzymes
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Minor Elements 72 Trace Elements
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ORGANIC
MATTER
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Where Does Organic 
Matter Come From?

• Compost

• Crop Residues

• Dead Plant Roots

• Humate Soil Amendments

• Carbon-Based Fertilizers



Benefits of Applying 
Organic Matter To The Soil

• Supplies carbon which feeds and 
stimulates soil biological life

• Holds moisture in root zone reducing 
drought stresses

• Increases soil CEC fraction
• Improves soil structure and friability
• Enhances nutrient uptake and cell 

permeability
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Organic Matter

• An acre of Soil six inches deep weighs approximatel y 2,000,000 

pounds

• 1% Organic Matter in the Soil weighs approximately 20,000 pounds

• Organic Matter contains 5% nitrogen compounds, ther efore

• 1 Acre of Soil with 1% organic matter contains 1,00 0 pounds of 

reserve nitrogen

• Nitrogen reserve is only made available to plants b y the action of 

Microbes

• Growing Plants can receive up to 80% of their nitro gen from 

compounds released by microbial interactions
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All Organic Matter 
Decomposes Into Humic 

Substances Through 
Microbial Action

ORGANIC MATTER
HUMIC SUBSTANCES

SOLUBLE
Water

INSOLUBLE

HUMIC ACID
Base

FULVIC ACID
Base or Acid

HUMUS/HUMIN
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Humic Substances

None
Water Acid 

Base

100-300500-1000

37%49%

N/A1.9%

0.9%2.1%

6%5%

56%43%

HumusFulvicPlants

Analytical Characteristics of Humic Substances

N/A

Humic

Carbon 45% 52%

Hydrogen 5% 4.6%

Nitrogen 4% 3.2%

Sulfur 0.5% 0.8%

Oxygen 43% 40%

Cation Exchange Capacity 
(CEC)

300-500

Solubility Water Base
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Carbon to Nitrogen Ratio 

All Living Plants and Microbes Require a Carbon to 
Nitrogen Ratio of 10 : 1.   So It takes 10 pounds o f “C”
to process 1 pound of “N”

Nitrogen 5 lbs

Carbon 50 lbs



Cation Exchange 
Capacity (CEC)
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Cations
(+) Positive 

Charge

Anions
(-) Negative Charge

+

Opposite Charges Attract Each Other

All matter is made up of electrically charged atoms , which form elements. 
Each element then contains an electric charge eithe r positive (+) or negative 

(-). Soils act as storage batteries in holding thes e elements. The storage 
capacity of the soil is called the Cation Exchange C apacity or CEC rating of 

the soil.



Cation Exchange 
Capacity (CEC)

CEC is a rating of the soil’s ability to hold positive (+) charged 
nutrients

Most major elements have a 
Positive (+) Charge.

Soils have a 
Negative   (-) Charge.

Sand (-)
Silt (-)

Clay (-
)

Organic Matter (-)
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Humic Molecule

CEC Rating of Humic Substances

Humus - 100 - 300

Humic Acid - 300 - 500

Fulvic Acid - 500 - 1,000
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•Hold Major, Minor and Trace 
Elements
•Prevent Nutrient Leaching from Root 
Zone
•Reduce Fertilizer Application Rates
•Produce Larger and Healthier Plants

THINGS THAT BUILD SOIL CEC’s

•Organic Matter
•Carbon Based Fertilizers
•Recycled Crop Residues

•Sulfuric Acid
•Anhydrous Ammonia
•Salt Fertilizers
•Herbicides & Pesticides

THINGS THAT DESTROY CEC’s
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Soils with High CEC 
Ratings



MICROBES
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Why Are Microbes 
Important?

• Decompose Crop Residues
• Process Fertilizers For Plant Use
• Inhibit Soil Pathogens
• Clean Up Toxic Soil Residues
• Build Plant’s Immune System



Microbe Identity and 
Function

Heterotrophic Bacteria (Aerobic Bacteria)
The heterotrophic bacteria enumeration is a good indicator of general soil conditions 
with the number of these bacteria decreasing with increasing depth in the soil.

Yeasts and Molds (Fungi)
Soil fungi are found primarily in the top 4-6 inches of soil and are most abundant in 
well aerated soil. Fungi are also important in binding together fine soil particles to form 
water-stable aggregates thereby improving the soil crumb structure.

Nitrogen Fixing Bacteria
Nitrogen fixing bacteria are able to convert atmospheric nitrogen into nitrogen 
compounds used by plants to synthesize proteins. These bacteria can be free living or 
associated with certain plant roots.
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Microbe Identity and 
Function

Actinomycetes
Actinomycetes comprise a significant proportion of the bacterial population in 
agricultural soils. They are capable of degrading many complex chemical substances 
including chitin. Actinomycetes are responsible for the musty or earthy odor of a 
freshly plowed field and are helpful in improving soil crumb structure. Most soil 
actinomycetes are streptomycetes, which are well known for the production of 
antibiotics. 

Anaerobic Bacteria
Anaerobic bacteria are capable of growth without oxygen. The anaerobic bacteria 
enumeration is predominantly a count of facultative anaerobes, or those organisms 
that have the ability to live and grow both with or without oxygen. 

Pseudomonads
These organisms are very nutritionally versatile and capable of degrading many 
natural and synthetic organic compounds. These organisms contribute to the 
decomposition and nutrient release process by attacking a wide variety or organic 
substrates including humic acids and synthetic pesticides.
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Rhizosphere & VAM Fungi

•Microbes digest chemical compounds and 
make them available to the plants.

•Colonization of VAM fungi can limit root-
feeding nematode attacks of the root 
system.

•Microbes receive nutrition from plants and 
soil organic matter and convert them to 
humus storage for plant use.

•Rhizosphere fungi provide a protective 
coating on roots that buffers the negative 
effect of salts and other toxic compounds 
in the soil.

•The greater the diversity and numbers of 
microbes, the higher the fertility of the soil.
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Fertile Soil’s Ideal 
Microbial Counts

Soil Functional Group Ideal CFUs per gdw

Hetertrophic Bacteria 10 million to 1 billion

Anaerobic Bacteria 1 to 10 million

Yeasts and Molds 500 K to 5 million

Actinomycetes 100 K to 1 million

Pseudomonads 1000 to 1 million

Nitrogen Fixing Bacteria 1 million

Data Furnished by:  BBC Laboratories, Inc.,  Tempe, Arizona *BBC analysis August 28, 2002
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So What Makes A 
Soil Fertile?

• Good Soil Structure
• Good Soil Composition
• Major, Minor and Trace Minerals
• Carbon Rich Organic Matter
• Large Diversity of Microbes

Fertile Soils Have a Balance of All of These Elemen ts
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Problems Challenging 
Turf Managers

• Problem #1 - Salt, Chloride & Bicarbonate Accumulati on 
• Problem #2 - Poor Root Development
• Problem #3 - Treatment of Effluent Water
• Problem #4 - Compacted, Hydrophobic Soils 
• Problem #5 - Constant Disease and Pathogen Pressure 
• Problem #6 - Low Soil Microbial Populations
• Problem #7 - Quick Seed Germination


