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5 Soil Forming Factors

• Climate

• Relief

• Organisms

• Parent material

• Time



Soil Components



Soil Particle Sizes





Available Water in Soils



Drainage

Soil Perc Test
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Steps
1.  Dig a hole about 0.5 ft.

wide and 1 ft deep.
2.  Place a yardstick in the 

hole so that one of the inch 
marks is level with the top
of your hole.

3.  Fill the hole with water and 
let it completely drain out.

4.  Fill the hole again and note
the time.

5.  If the water drains at 1-2” per 
hour, your soil is draining 
well.  Above 4” is too fast 
and below 1” is too slow.



Soil Chemistry 
and Plant Nutrition
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� Soil pH

� Essential Plant 
Nutrients

� Soil Testing

� Soil Amendments 
and Fertilizers



Soil pH
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Soil pH
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Soil Microbes
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Benefits of Lime

� Supply Ca and 
Mg

� Enhance 
microbial activity

� Enhance 
nutrient 
availability

� Reduce Al and 
Mn Toxicity

Mn Toxicity from low pH
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Low pH and Al toxicity

pH 6.5 pH 5.2 pH 5.5



Liming Soil Reactions

CaCO3 + H2O Ca2+ + H2CO3

+ 2H+



Liming Materials for pH 
Adjustments

Savoy and Joines, 2014. UT Extension Publication #PB 1096



1/13/2016 17



Liming Materials for pH Adjustments

Savoy and Joines, 2014



Essential Plant Nutrients

Macronutrients

• Nitrogen

• Phosphorous

• Potassium

Micronutrients

• “Secondary”

• Calcium

• Magnesium

• Sulfur

Boron
Chlorine 
Cobalt  
Copper
Iron
Manganese
Molybdenum
Nickel  
Zinc



Correcting Problems

Macronutrients

• Usually corrected by 
fertilizer

Micronutrients

• Indicate poor soil pH

• Choose  a fertilizer with 
micronutrients and build 
soil with compost or OM



Nitrogen Basics

• Air is 80% nitrogen gas (N2)

• Most organisms cannot use nitrogen in 
this form. 

• Plants must secure their nitrogen in "fixed" 
form

• Incorporated in compounds such as:

– nitrate ions (NO3
−) 

– ammonium (NH4
+)

– urea (NH2)2CO 



Chemical Forms of 
Nitrogen

• NO3
- and NH4

+ react 
differently in soil.

• Ammonium (NH4
+) is a 

positively charged ion 
and is attracted to the 
negatively charged sites 
on clay particles.

• It is available to plants 
but held tightly enough to 
prevent leaching.
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Chemical Forms of 
Nutrients

• Use ammonium form 
if leaching or 
denitrification are 
serious potential 
problems. 

• In subsoils with a high 
iron oxide content, 
nitrate is absorbed to 
some extent. 
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Nitrogen Sources

• Quick Release

– Readily dissolve in water

– Immediately plant available

– Interval between application and visual 
response – three to five days

• Slow Release

– Dissolve less rapidly

– Breakdown over days to months

– More expensive



Soils and N Fertilization Issues

• Denitrification

– Prevention:  Lighter, more frequent N 
application

• Volatilization

– Prevention:  Apply water after applying urea 
or NH4

+

• Leaching

– Prevention:  Don’t overapply



Soil Testing
Taking samples and 

interpreting the results
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� Determines the need 
for lime and/or fertilizer

� Quantifies how much 
to apply



How to Take a Soil Test

� Determine the area to be 
sampled

� Have the proper tools

� Sample to the proper depth 
(0-6”)

� Take enough subsamples

� Properly mix subsamples 
into one composite sample





The Results



http://soilplantandpest.utk.edu



Why soil health?

• Identify constraints

• Monitor changes

• Build equity

Dr. Abbey Wick, North Dakota State University



1. General field observations

2. Field indicators

3. Comprehensive soil tests

How to measure soil health

Dr. Abbey Wick, North Dakota State University



• How is your health?

General field observations



• Soil health 
scorecards

Crop 

Growth

Soil 

Erosion

Soil pH

Cover 

Crop

Bio 

Activity

Soil 

OM

Soil 

Fertility

Soil 

Color

Water 

Flow

Soil 

Crust

Crop 

Resid.

Field indicators



Field indicators

• Aggregates

• Slake test

Dr. Abbey Wick, North Dakota State University



Field indicators

• Soil crusting, ponding, runoff and erosion

Dr. Abbey Wick, North Dakota State University



Field indicators

• Soil tilth and hardness

Dr. Abbey Wick, North Dakota State University



Field indicators

• Soil organisms



Field indicators

• Root development

Dr. Abbey Wick, North Dakota State University



Field indicators
• Nutrient deficiency symptoms

Dr. Dharma Pitchay, Tennessee State University



Comprehensive soil tests

• Cornell Soil Health Test

Package $50 - $140 per sample

Individual tests $15-25 per sample

http://soilhealth.cals.cornell.edu/index.htm



Comprehensive soil tests

$75/sample, not based on soil physical properties

• Midwest Labs



Comprehensive soil tests

• Other options Soil Quality Kit NRCS



Now that I know what’s wrong, 
what do I do about it?

• Reduce tillage

• Avoid soil compaction

• Grow cover crops

• Use better crop rotations

• Apply organic amendments

• Apply inorganic amendments

Dr. Abbey Wick, North Dakota State University



For more information

Jason de Koff

jdekoff@tnstate.edu

615-963-4929

Twitter: @TSUBioenergy

Building Soils for Better Crops
www.sare.org


