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F O U N D A T I O N A L  S O I L  P R I N C I P L E S  N O T  
C O V E R E D  T O D A Y

Basic soil introduction
What is soil? 
What is in a volume of soil?

(minerals, porosity, organic matter)
The disciplines of soil science 
How we organize the study of soil science (pedology, fertility, 
chemistry, physics, and biology)

Soil formation, physical properties and natural history
Soil forming factors
Soil texture
Soil structure
Soil horizons
Typical WA soils



3. SOIL FUNCTION

PHOTO COURTESY: NATHAN STACEY



3 .  SO I L  FUNCT ION

• 3.1 Definitions of soil function

What does healthy soil do for us?



3 .  SO I L  FUNCT ION

PHOTO COURTESY: NATHAN STACEY

Water & air infiltration Supply nutrients

Provide water in dry spells 

Suppress root diseasesDevelop healthy root 
systems

Mutualistic relationshipsProtect external environment



3 .  SO I L  FUNCT ION

• 3.1 Definitions of soil function

What is degraded soil?



Photo by: Gene Williams, Snohomish County Surface Water Management

3 .  SO I L  FUNCT ION

• 3.1 Definitions of soil function

Soil can degrade the surrounding 
environment



3 .  SO I L  FUNCT ION

• 3.2 Inherent & Dynamic 
properties

Shrink-swell clays

Depth to bedrock



3 .  SO I L  FUNCT ION

• 3.2 Inherent & Dynamic
properties

water air

organic
matter

biology chemistry



C L A S S I C A L  S O I L  F O O D  W E B  M O D E L S  F O C U S  
O N  P R E D A T I O N  A N D  C O M P E T I T I O N .  

3.3 Soil biological communities



G R O U P S  O R  G U I L D S  O F  S O I L  O R G A N I S M S  A N D  T H E I R  R E L A T I V E  S I Z E S

Body Width (mm)

20 2 0.1 0.003 0.001 0.00001

millipedes

earthworms

springtails
protozoa

nematodes
fungi bacteria

primary consumers

secondary and higher 
consumers

shredders/litter 
transformers

ecosystem engineers

Functions of soil organisms go beyond who eats whom

3.3 Soil biological communities



L I T T E R  T R A N S F O R M E R S  S P E E D  D E C O M P O S I T I O N  
T H R O U G H  A N  “ E X T E R N A L  R U M E N . ”  

Wolters and Ekshmitt, 1997

3.3 Soil biological communities



E A R T H W O R M S  A R E  “ E C O S Y S T E M  E N G I N E E R S ” ;  
C H A N G I N G  T H E I R  E N V I R O N M E N T  T O  S U I T  
T H E I R  P H Y S I O L O G Y .

3.3 Soil biological communities



E A R T H W O R M S  D E A L  W I T H  W A S T E  S I M I L A R L Y  T O  
F R E S H W A T E R  O R G A N I S M S

3.3 Soil biological communities



I N C R E A S E D  A G G R E G A T I O N  A L L O W S  W A T E R  
T O  I N F I L T R A T E  E A S I L Y  D U R I N G  A  D O W N  P O U R  
A N D  D R A I N  A F T E R W A R D  T O  L E T  A I R  I N .

Magdoff & Van Es, 2009

Infiltration Runoff

3.3 Soil biological communities
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4 .  SO I L  F ERT I L I TY  AND NUTR I ENTS

• 4.1 Soil nutrients and availability

Macronutrients Micronutrients
Carbon (C) 45.00% Chlorine (Cl) 0.01 %

Oxygen (O) 45.00% Iron (Fe) 0.01%

Hydrogen (H) 6.00% Manganese (Mn) 0.005%

Nitrogen (N) 1.50% Boron (B) 0.002%

Potassium (K) 1.00% Zinc (Zn) 0.002%

Calcium (Ca) 0.50% Copper (Cu) 0.0006%

Phosphorus (P) 0.20% Molybdenum (Mo) 0.00001%

Magnesium (Mg) 0.20% Nickel (Ni) 0.000001%

Sulphur (S) 0.20%

Percentages by plant dry weight



4 .  SO I L  F ERT I L I TY  AND NUTR I ENTS

• 4.1 Soil nutrient and 
availability

Cations (+) Anions (-)

Ammonium
NH4

+
Potassium

K+
Phosphorus

H2PO4
-

Nitrate
NO3

-



4 .  SO I L  F ERT I L I TY  AND NUTR I ENTS

• 4.1 Soil nutrient and 
availability

ILLUSTRATION COURTESY: UNIVERSITY OF GEORGIA EXTENSION



4 .  SO I L  F ERT I L I TY  AND NUTR I ENTS

• 4.1 Soil nutrients and availability

pH
Measure of how acid or alkaline a substance is   (related to H conc.)

6.0 to 7.5 ideal for most crops.    
Blueberries 4.5 to 5.5



4 .  SO I L  F ERT I L I TY  AND NUTR I ENTS

• 4.1 Soil nutrients and availability

Rocks and minerals
(parent material)

Organic Matter
(litter, amendments, root 
exudates, protected, etc.)

Surface adsorbed
(organo-mineral complexes) 

Surface adsorbed
(soluble organic molecules)

SO4
2-

K+

NO3
-

Ca2+

NH4
+

Mg2+
Fe2-

PO4
-

Nutrients in solution



4 .  SO I L  F ERT I L I TY  AND NUTR I ENTS

• 4.1 Soil nutrient and availability
Chemical weathering

Very slowly available

Rocks and minerals
(parent material)

Minerals
e.g.: Hornblende ((Ca,Na)2(Mg,Fe,Al)5(Al,Si)8O22(OH)2)

Potassium Feldspar (KAlSi3O8)

Elements 
unavailable

Weathering
physical and chemical Elements available 

“nutrients”

K+
Ca2+

Mg2+ Fe2-PO4
-



4 .  SO I L  F ERT I L I TY  AND NUTR I ENTS

• 4.1 Soil nutrient and availability

Mineralizable

slowly available

ILLUSTRATION COURTESY: SOIL FERTILITY IN ORGANIC SYSTEMS: A GUIDE FOR GARDENERS AND SMALL ACREAGE FARMERS

Organic Matter
(litter, amendments, root 
exudates, protected, etc.)

SO4
2-

K+

NO3
-

Ca2+

NH4
+

Mg2+
Fe2-

PO4
-

Nutrients in solution



4 .  SO I L  F ERT I L I TY  AND NUTR I ENTS

• 4.1 Soil nutrient and availability

Nutrient pool

Quickly available

Surface adsorbed
(organo-mineral complexes) 

Surface adsorbed
(soluble organic molecules)

SO4
2-

K+

NO3
-

Ca2+

NH4
+

Mg2+
Fe2-

PO4
-

Nutrients in solution



4 .  SO I L  F ERT I L I TY  AND NUTR I ENTS

• 4.1 Soil nutrient and availability

Soil Type CEC meq/100g

Sands (light colored) 3 to 5 

Sands (dark colored) 10 to 20

Loams 10 to 15

Silt Loams 15 to 25

Clay and clay loams 20 to 50

Organic soils 50 to 100

T Y P I C A L  C E C  V A L U E S  F O R  
D I F F E R E N T  S O I L  T E X T U R E S



4.  SOIL  FERT I L I TY  AND NUTR IENTS

• 4.2 Nitrogen cycle and organic matter

Organic Matter
(litter, amendments, root 
exudates, protected, etc.)

SO4
2-

K+

NO3
-

Ca2+

NH4
+

Mg2+

Fe2-

PO4
-



N2

Nitrogen 
fixing 

bacteria

Nitrifying bacteria

NH4
NO3

-

Denitrifying 
bacteria

Denitrification

Nitrification

Ammonification

Nitrifying 
bacteria

NO2
-

2o & 3o Decomposers

Leaching

1oDecomposers
Soil Organic 

Matter
Organic N



5.  SOIL  MANAGEMENT

PHOTO COURTESY: NATHAN STACEY



5.  SOIL  MANAGEMENT
What can/are we trying to manage?



5.  SOIL  MANAGEMENT
What can/are we trying to manage?

Add organic matter
Fertilize (including lime)
Irrigate
Tillage



5.  SOIL  MANAGEMENT

• 5.1 Strategies for soil management

Don’t allow bare soil



5.  SOIL  MANAGEMENT

• 5.1 Strategies for soil management

Don’t allow bare soil

1. Cover crops

2. Ground covers

3. Mulch



5.  SOIL  MANAGEMENT

• 5.1 Strategies for soil management

P r o t e c t i n g  s o i l
S m o t h e r i n g  w e e d s

T a k i n g  u p  e x c e s s  n u t r i e n t s
L e g u m e s  a d d  n i t r o g e n

Cover crops improve soil quality by:



5.  SOIL  MANAGEMENT

• 5.1 Strategies for soil management

Organic Fertilizers:
$5 To $9 Per Pound.

Legume Cover Crops:
$1 To $3 Per Pound.

Cover crops provide cheaper nitrogen:



5.  SOIL  MANAGEMENT

• 5.1 Strategies for soil management

Hot : C/N less than 10:1

Cool : C/N 15:1 to 25:1

Woody : C/N over 30:1

PHOTO COURTESY: DOUGLAS COLLINS



5.  SOIL  MANAGEMENT

• 5.1 Strategies for soil management

C : N  L E S S  T H A N  1 0 : 1    H O T

Fish and feather meals

Poultry/ Fresh rabbit manure

Seed meals

Easy to over-apply

Leads to excess nutrient levels

Potential to harm crop

Degrade water quality



5.  SOIL  MANAGEMENT

• 5.1 Strategies for soil management

C : N  F R O M  1 5 : 1  T O  2 5 : 1 C O O L

Composted: yard debris

most manures

biosolids

Fresh materials: yard debris

coffee grounds

dairy manure solids

Slow-release nitrogen

Use as soil amendment

Releases additional nutrients in 

subsequent seasons



5.  SOIL  MANAGEMENT

• 5.1 Strategies for soil management

C : N  O V E R  3 0 : 1    

Straw

Sawdust

Paper waste

Horse bedding

Leaves

Nitrogen immobilization 

Use as mulch

Carbon resource in compost



5.  SOIL  MANAGEMENT
What tools can we use?

Reducing tillage Cover crops

improving crop rotations Organic matter

mulches and live cover in perennial systems

fertilizing based off soil tests

managing disturbance carefully (timing, type and intensity)

soil-health planning (building crop plan around adequate cover crops/rest)

integration of perennials in annual-dominated systems



6.  SOIL  TEST ING



WHY DO WE SAMPLE 
SOIL?

Soil is NOT 
homogeneous.

6.  SOIL  TEST ING

• 6.1 Taking a soil fertility test



Systematic sampling

6.  SOIL  TEST ING

• 6.1 Taking a soil fertility test



6.  SOIL  TEST ING

• 6.1 Taking a soil fertility test



Stratified random sampling

6.  SOIL  TEST ING

• 6.1 Taking a soil fertility test



6.  SOIL  TEST ING

• 6.1 Taking a soil fertility test

Some other crop

Some crop



6.  SOIL  TEST ING

• 6.1 Taking a soil fertility test

Soil A

Soil B

Time

So
il 

Q
u

al
it

y



6.  SOIL  TEST ING

• 6.2 Interpreting soil tests Soils are dynamic

Soil tests are 
ONLY a 

snapshot.



6.  SOIL  TEST ING

• 6.2 Interpreting soil tests

• USE Chemical 
extractant

• Measure nutrients 
that are expected 

to be plant 
available.



6.  SOIL  TEST ING

• 6.2 Interpreting soil tests



6.  SOIL  TEST ING

• 6.2 Interpreting soil tests



6.  SOIL  TEST ING

• 6.2 Interpreting soil tests



6.  SOIL  TEST ING

• 6.2 Interpreting soil tests

Soil tests indicate how much of a nutrient is likely 
to be available to plants



6.  SOIL  TEST ING

• 6.2 Interpreting soil tests

LOW MEDIUM HIGH

ILLUSTRATION ADAPTED FROM: SOIL TEST INTERPRETATION GUIDE, OREGON STATE UNIVERSITY EXTENSION



6.  SOIL  TEST ING

• 6.2 Interpreting soil tests

Plant Nutrient Common Extractants

NO3
- KCl, CaCl2

NH4+ KCL

H2PO4
-/HPO4

-2 NH4F/HCL (Bray-P)

NH4F/CH3COOH/HNO3(Melich-P)

NaHCO3 (Olsen-P)

K+ NHaOAc

SO4
-2 Ca(H2PO4)2,CaCl2

Zn+2,Fe+3,Mn+2,Cu+2 DTPA,EDTA

H3BO3 Hot Water

Cl- Water



6 .  SO I L  T EST ING

• 6.2 Interpreting soil tests

Rocks and minerals
(parent material)

Organic Matter
(litter, amendments, root 
exudates, protected, etc.)

Surface adsorbed
(organo-mineral complexes) 

Surface adsorbed
(soluble organic molecules)

SO4
2-

K+

NO3
-

Ca2+

NH4
+

Mg2+
Fe2-

PO4
-

Nutrients in solution

Different pools of nutrients (cycling)



6.  SOIL  TEST ING

• 6.2 Interpreting soil tests

NO3
- -N in surface foot (ppm)

Low <10
Medium 10-20
High 20-30
Excessive >30

7

14.007



6.  SOIL  TEST ING

• 6.2 Interpreting soil tests

P
15

30.974

Bray 1 Olsen lbs. per acre (P2O5)

Low <20 <10 0-300

Medium 20-40 10-25 0-200

High 40-100 25-50 0-30

Excessive >100 >50 0



6.  SOIL  TEST ING

• 6.2 Interpreting soil tests

K
19

39.098

Soil test K lbs. per acre (K2O)

Low <150 ppm 100-300

Medium 150-250 ppm 60-250

High 250-800 ppm 0

Excessive >800 ppm 0



6.  SOIL  TEST ING

• 6.2 Interpreting soil tests
Base Cations



6.  SOIL  TEST ING

• 6.2 Interpreting soil tests

pH – the master chemical control

pH
Strongly acidic <5.1
Moderately acidic 5.2-6.0
Slightly acidic 6.1-6.5
Neutral 6.6-7.3
Moderately alkaline 7.4-8.4
Strongly alkaline >8.5



6.  SOIL  TEST ING

• 6.2 Interpreting soil tests

High reserve acidity

H+

-

-

-
H+

H+

H+

-

Clay

OM

pH – SMP buffer

H+ H+

Ca2+ K+

- - - -
- - - -

-

Mg2+ H+

H+

H+

Low reserve acidity

Ca2+ K+

Mg2+

- - - -
- - - -

- Ca2+

K+

K+H+

Ca2+

-

-
-

-

H+ H+H+H+



6.  SOIL  TEST ING

• 6.2 Interpreting soil tests

High reserve acidity

H+

-

-

-
H+

H+

H+

-

Clay

OM

pH – SMP buffer

H+ H+

Ca2+ K+

- - - -
- - - -

-

Mg2+ H+

H+

H+

Low reserve acidity

Ca2+ K+

Mg2+

- - - -
- - - -

- Ca2+

K+

K+H+

Ca2+

-

-
-

-

H+ H+H+H+



6.  SOIL  TEST ING

• 6.2 Interpreting soil tests

Cation Exchange Capacity (CEC)
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