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Justus Von Liebig’s Law of the Minimum:
A plant’s yield is limited by the most limited nutrient.

Sir Albert Howard’s Law of Return:
Plant and animal wastes should be returned to 
the soil to maintain nutrient and humus levels.



Interupted Cycles



Questions for the Stewards: 

What can we do to regain some kind of 
functional system? 

Which cycles can be repaired and which cannot? 

If an part of a natural cycle is lost permanently, 
what can we do to simulate that part?



What’s wrong?

What can we do?



The use of fertilizers should be based on information 
that can only be obtained by having your soil tested.

Soil Testing



http://www.simplysoiltesting.com/Services.html#report



Common tests for 
your soil include:

• Nutrient Content (Fertility)
• Salt Content (Salinity)
• Cation Exchange Capacity
• Soil Texture
• pH
• Organic Matter Content



Additional tests available 
for soils:

• Biological Activity
• Heavy Metals
• Pesticides
• Hydrocarbons
• Irrigation Water Analysis
• Soil Particle Size
• Soilless Mix Analysis
• Water Holding Capacity
• Plant Tissue Analysis 

Land use and land 
history should guide the 
choice of additional 
tests



Search Result for “Soil Testing Seattle” by Google

Laboratory websites should contain:
1. Tests Offered
2. Soil Sampling Guidelines
3. Sample Soil Report
4. Methods Used
5. Submission Forms



Soil Testing Resources

Washington State University
http://puyallup.wsu.edu/soilmgmt/Soils.html

King County
http://www.kingcd.org/pro_far_soi.htm

King County Conservation District offers free basic soil testing

Grow Smart Grow Safe
http://www.growsmartgrowsafe.org/SoilAmend.aspx

Teaming With Nutrients
Jeff Lowenfels



Elements Required by Plants
Base Elements Macronutrients Micronutrients

Oxygen (O) Nitrogen (N) Boron (B)

Hydrogen (H) Phosphorus (P) Chlorine (Cl)

Carbon (C) Potassium (K) Cobalt (Co)

Calcium (Ca) Copper (Cu)

Magnesium (Mg) Iron (Fe)

Sulfur (S) Manganese (Mn)

Molybdenum (Mo)

Zinc (Zn)

image: extension.missouri.edu

Caution:
Micronutrients are rarely deficient and 
the range between deficient and toxic 
can be very small.



Natural

Anthropogenic

Mineral parent material
Volcanic gasses
Precipitation
Marine aerosols
Forest Fires

Fossil fuel combustion
Industrial and domestic chimneys
Automobiles
Mining and smelting
Fertilizers
Pesticides
Liming materials
Organic manures
Sewage Sludge

Source Heavy Metal

As  Cd Co  Cr  Cu  Hg  Mn Ni  Pb Zn

X          X    X                  X    X    X

X          X    X    X    X     X           X
X                X                        X     X

X     X                X          X     X
X     X                X    X           X    X     X

X    X    X          X                  X    X    X

X                  X    X    X

X    X          X           X     X    X    X

X         X           X            X    X    X

X         X X X X X
X                      X    X

X           X                  X
X         X     X           X     X    X    X
X         X     X           X     X    X    X

* * * *



Model of Soil  
Showing 

Micropores and 
Macropores at
Field Capacity

Four States of Nutrients

1. Mineral solids (CaCO3, CaSO4, Mica, Granite, etc.)
2. Parent organics (sugars, proteins, lignins, etc.)
3. Dissolved ions in solution
4. Exchangeable ions adsorbed onto particle surfaces

Soil Solution



The soil particle is like a bus. The seats are 

the negative charges.  All the seats must 

always be full with positively charged particles.  

Hydrogen has a weak charge and Ammonium 

(NH4 ) a stronger charge, so they “exchange”
seats if the Ammonium ion wants to sit down.

The Cation Exchange Capacity is a 
measure of how many negatively 
charged sites are available in a 
particular soil.

Cation Exchange Capacity 

(CEC)



Cations

Anions

Leached Out
of Root Zone

Absorbed By Plants

Yay!

Nutrients Enter Into the Root Zone

Adsorbed Onto Soil Particles

Soil Solution
Boooo!

Weathering + Decomposition



The smaller the particle 

the greater the CEC. 

Humus/clay colloids have the most!

Sand Silt Clay

Cation Exchange Capacity  (CEC) for 

planting soil mixes (mmol/kg)

Low fertility soil Less than 5 

Medium fertility 5-10

High fertility 10-30 

Compost / humus up to 200!

Relative surface area   

2

2

2



pH range

Ultra acid 1.8 - 3.4    Toxic to most plants

Extremely acid 3.5 - 4.4    Restrictive to most plants

Very strong acid 4.5 - 5.0

Strongly acid 5.1 - 5.5 Acid-tolerant plants

Moderately acid 5.6 - 6.0 

Slightly acid 6.1 - 6.5    Best nutrient availability for most plants

Neutral 6.6 - 7.3

Slightly alkaline 7.4 - 7.8 Alkaline-tolerant plants

Moderately alkaline 7.9 - 8.4

Strongly alkaline 8.5 - 9.0     Restrictive to most plants

Very strongly alkaline 9.1 - 11.0   Toxic to most plants

USDA pH Classification

Lower or higher pH decreases availability of different nutrients 
Humus (compost) buffers pH towards optimal 6.3 to 6.8 



pH influences 
plant growth 
indirectly 
through its 
effects on the 
solubility of 
ions and the 
activity of 
microorganisms 

Teaming With Nutrients, Jeff Lowenfels
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pH
Potential Soil/Plant 
Problems

Common Plant 
Symptoms

Lack of drainage,
Sodium toxicity

Marginal leaf burn
Chlorosis, Death

Iron, Zinc, Manganese
deficiency

Interveinal Chlorosis and 
Bleaching of new growth

Aluminum toxicity, Calcium
and Magnesium deficiency

Reduced Growth and
Chlorosis in sensitive plants

Aluminum toxicity, Calcium
and Magnesium deficiency

Reduced growth, Chlorosis,
Distorted new growth, 
Necrotic areas

Decreasing Microbial Activity



What Happens to Organic Soil Ammendments?

Plant Residue

Sugars, Proteins (Low Lignin, high N)
Decomposes quickly (months)

Cell walls (High lignin, low N)
Decomposes slowly (years)

Decomposers

Active Fraction
Turnover 1-2 years

Slow Fraction
Turnover 15-100 years

Passive Fraction
Turnover 500-5000 years

Soil structural stability, 
food for microorganisms
and mineralization of 
nutrients

Food for some 
microorganisms, 
mineralization of 
some nutrients

Cation exchange 
capacity, water holding
capacity



Salt!

Air Salt 
vs. 

Soil Water Salt

Soil Water Salt - Similar to 
drought damage

Air Salt - Witches broom and 
dead twigs



Irrigation water

Ground Water

Soil VolumeWeathered Minerals

Fertilizers

Deicing Compounds
Sources of Salt

Generally, 2 inches of proper 
irrigation can leach 50% of salt 
from the top 4 inches of soil.



Salt Tolerance of Various Shrubs and Trees

Taxa Low Medium High

Ailanthus altissima X
Cercis spp. X
Citrus spp. X
Cupressus spp. X
Eucalyptus spp. X
Ficus spp. X
Morus alba, M. nigra X
Pinus halapensis X
P. pinaster X
P. radiata X
Rosa spp. X

Urban Soil in Landscape Design, Philip J. Craul
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http://depts.washington.edu/hortlib/index.shtml

Try the Gardening Answers Knowledgebase, a searchable database of Plant Answer 
Line question/answer sets and recommended websites. 

Call the Plant Answer Line at 206-897-5268 (206-UW-PLANT)
or email hortlib@uw.edu.


