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Why in 2014?

ÅWorld population is estimated to be at 9.1 billion by 2050

ÅTo sustain this level of growth, food production will need to 
rise by 70 percent

ÅBetween 1982-2007, 14 million acres of prime farmland in 
the U.S. was lost to development

ÅEnergy demands

ïIncrease use of biofuels (53% of corn used for ethanol)

ïIncrease use of fertilizer (use of Anhydrous up 48%, Urea up 93%)

ïWe need to begin solving the problem of poor soil 
health instead of treating the symptoms.



Soil Health What is It?

ÅThe continued capacity of the soil to 
function as a vital living ecosystem that 
sustains plants, animals, and humans
ïNutrient cycling

ïWater (infiltration & availability)

ïFiltering and  Buffering

ïPhysical Stability and Support

ïHabitat for Biodiversity



Soil is a Living Factory

ÅMacroscopic and 
microscopic 
organisms

ïFood

ïWater

ïShelter

ïHabitat

ïPowered by 
sunlight

ÅManagement activities 
improve or degrade soil 
health

ïTillage

ïFertilizer

ïPesticides

ïGrazing

ïPlant Diversity
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Ecology:
the study of 

relationships between 
people, animals, and 

plants, and their 
environment.

Interconnectedness

Soil Surface
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How do these Ecosystem flourish 
without human inputs?

Prairie Forest



Characteristics of a Stable Ecosystem
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What Functions Do You Expect Your 
Soil to Perform?

ÅGrow Crops

ïInfiltrate Water

ïSupply Nutrients
ÅHow does soil perform these functions?



What is the energy source or food for the microbes? 

How does the soil function?
What is the green stuff in the leaves?      What is the process?What are the products?What elements are in carbohydrates?Where does the plant get the carbon from?Why do plants feed microbes?What is the most important element in this diagram?



Glue-makers

ÅLǘΩǎ ŀƭƭ ŀōƻǳǘ ǘƘŜ CƻƻŘ

ÅBacteria ςstick it to me.

ïmicroaggregation

ÅFungi ςseal the pipes.

ïMacroaggregation

ÅAggregates are habitat

ÅMicrobes must be fat to make good 
aggregates.



What the Soil FoodwebDoes

ÅPlant nutrient immobilization / cycling

ÅCreates stable soil aggregates 

ïWater infiltration / retention

ïHabitat for soil foodweb

ïRoot movement

ïNematode, microarthropodmovement

ïAir movement

ÅLess than .1% of the organisms that live in the soil 
have been identified and described.



Disrupted Soil Ecosystem

This soil is naked, hungry, thirsty and running a fever!

Ray Archuleta 2007
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The Battle is Won or Lost  Here



Agricultural soils do not have a water 
erosion/runoff problem, they have a 
water infiltration problem.



Soil Disturbances that 
Impact Soil Health

ÅPhysical

ïTillage

ïCompaction

ÅBiological

ïLack of Plant Diversity 

ïOver grazing

ÅChemical

ïMisuse of fertilizer, pesticides, manures and soil 
amendments



What is Tillage?

The physical manipulation of the soil for the 
purpose of:

ÅManagement of previous crop residue

ÅControl of competing vegetation (weeds)

ÅIncorporation of amendments (fertilizer/manure)

ÅPreparation of a soil for planting equipment

ÅwŜŎǊŜŀǘƛƻƴ ŦƻǊ Ŧƻƭƪǎ ǿƘƻ ŘƻƴΩǘ ŦƛǎƘ ƻǊ ƎƻƭŦΦ



What Tillage does to the Soil

ÅDestroys aggregates

ÅExposes organic matter to decomposition

ÅCompacts the soil

ÅDamages soil fungi

ÅReduces habitat for the Soil Food Web

ÅDisrupts soil pore continuity

ÅIncreases salinity at the soil surface

ÅPlants weed seeds



ά¢ƘŜ truth is that no one has ever
advanced a scientific reason for ǇƭƻǿƛƴƎέ

tƭƻǳƎƘƳŀƴΩǎ Cƻƭƭȅ мфпл  ōȅ 9ΦIΦ CŀǳƭƪƴŜǊ

ά²Ŝ have equipped our farmers with a greater tonnage of 
machinery per man than any other nation. Our agricultural 
population has proceeded to use that machinery to the end of 
destroying the soil in less time than any other people has 
been known to do it in recorded historyΦέ

ά¢ƘŜ chief trouble with our farming is that we have concerned 
ourselves with the difficult techniques of supplying our farm 
crops with new materials for growth, when we could easily 
take full advantage of the almost automatic provisions of 
nature for supplying plants with complete rations in 
secondhand form. We have made a difficult job of what 
should be an easy ƻƴŜέ



Forest 
SOM = 4.3 %

CT 17 yr- Soybean monoculture 
SOM = 1.6 %
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Management Changes Soil Properties 
& Capacity of Soil to Function

62.8%  loss 
of SOM after 

17 yr 
intensive 

tillage



Study: Use-dependent Soil Properties

Dr. Cathy Seybold, NASS-NRCS

Infiltration rate Soil Nitrate 
loss

5o in./hr 1.8 lbs. N/ac.

Infiltration rate Soil Nitrate 
loss

.5o in./hr 15 lbs. N/ac.

Conventional Tillage-Corn-
Soybean: Bulk Density-1.40 g/cm3

Wooded Soil: Bulk Density-1.01 
g/cm3



CO2
CO2CO2

PHYSICAL DISTURBANCE: Tillage 
induces the native bacteria to consume 
soil carbon; byproduct is C0 2.

Tillage Destroys Soil 
Habitat and Reduces Soils 
Capacity to Function



Reicoskyet al., 1995



Subsoil tillage

Different tillage = Different rates of Carbon loss

Moldboard plow Chisel plow

3X 2X 1X

Reicosky,2000



Effect of tillage on microbial activity

Havlin et al. (1999)

The primary factors controlling microbial activity vary with time

+ SOM

Which tillage system has more 

microbial activity when crops benefit 

most from the CO2 and nutrients 

released by microbial activity?

Soil respiration in CT system
Soil respiration in NT systemCT

NT



Biological Disturbance

ïNo crop rotation diversity

ÅGrowing single species or few crops in rotation

ÅLack of diversity limits diversity of plant root exudates

ÅHampers the development of a diverse soil biota

ïOvergrazing

ÅPlants are exposed to intensive grazing for extended 
periods of time, without sufficient recovery periods



1. Reduced root mass
2. Increased weeds 
3. Reduced soil fungi 
4. Reduced water infiltration
5. Increased soil temperature
6. Diminished soil habitat

Biological Disturbance of Overgrazing


