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Historical Perspective:
Dust Bowl Era

o Homestead Act (1909) offered small parcels of 
land near the Oklahoma Panhandle. People 
plowed native grasslands to grow wheat in the 
1920’s.

o In 1931, the depression, drought and an all time 
low in the wheat market ($0.19/bu) created a 
man-made disaster.

o May 9, 1934 soil from the prairies of the western 
U.S. deposited in New York, Washington D.C., 
and on ships 200 miles offshore in the Atlantic.

o In 1935, most residents in the area on government 
assistance to keep from starving. 2.25 million 
acres were purchased by the government, who 
figured this was cheaper than providing relief to 
hold onto marginal land. 

"Well, I know I've got to make a move but I don't know 
where to. I can stay off relief until the first of the year. 
After that I don't know. I've eat up two cows and a pair 
of horses this past year. Neither drink nor gamble, so I 
must have eat'n 'em up. I've got left two horses and two 
cows and some farm tools. Owe a grocery bill. 

Native Texan farmer on relief, Hardeman County, 
Texas, 1937. Farm Security Administration –Office of 
War Information Photograph.

A degraded land leads to poverty



Societal Success Depends 
Upon Soil Stewardship

o “We must be in possession of a certain 
amount of abundance to be provident; a 
starving farmer will eat his seed grain; you 
will do it and I will do it, even though we 
know it will be fatal to next year’s crop. 
Now is the time, while we still have much 
good land capable of restoration to full or 
greater productivity, to carry through a full 
program of soil and water conservation. 
Such  is necessary for building here a 
civilization that will not fall as others…”

~ Conquest of Land Through 7,000 Years

W.C. Lowdermilk, Assistant Chief, SCS, 1939

Ruins of one of the Hundred Dead Cities of Syria. 
From 3 to 6 feet of soil have been washed off most 
of the hillsides. This city will remain dead because 
the land around it can no longer support a city.



NRCS Foundation Goal:
High Quality, Productive Soils

o Expand technical assistance to 
emphasize soil quality. 
Conservation plans, practices. 
Cover Crops.

o Use analytical tools to support 
soil quality monitoring. Soil 
Surveys, RUSLEII



Highest Potential for Erosion, Nutrient 
Loss, & Soil Quality Degradation



MO Parks & Soils Program 
Soil Erosion Benefits

o Estimated Suspended Pollutants Trapped per Year by 
Terraces and Ponds by the Parks & Soils Tax.

9.3 million tons of sediment can cover 4,759 miles of 
streambeds 30 feet wide with a depth of 6 inches in sediment.

Sediment
(1000 tons/yr)

Organic N
(tons/yr)

Organic P
(tons/yr)

9,302.8 9,645.7 5,449.8

* FAPRI-MU Report #31-07, August 2008
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Key Soil Functions

o Receive rainfall and store water for 
root utilization.

o Decompose organic matter and other 
foreign material.

o Support plants or buildings.

Tower of Pisa, Italy – inadequate foundation set in 
unstable soil. Wikipedia, 2010.

James River, Stone County - stream bank erosion 
causes tree to lean. Photo: Steve Hefner, USDA-NRCS



Soils: More than just 
sand, silt, clay 

o The biological component of soils 
cannot be separated from the 
physical. Live and decaying plant 
residues, and the microbes and 
organisms that feed on them are 
just as important.

o Soil microbiology is by in large 
‘invisible’ and thus a ‘elusive’ 
component to understand. 
However, it is essential to 
productive agriculture. (Kennedy 
and Papendick, 1992)

Sand
2.0 - 0.05 mm

Silt
0.05 - 0.002 mm

Clay
< 0.002 mm



Soil Biology
From the Invisible to the Visible

BACTERIA – Break down the proteins and 
carbohydrates in residue which serves as the source of 
food.  Fix and release nitrogen.

FUNGI – decomposition of proteins and 
carbohydrates in residue, glomalin secretion, assist 
with phosphate uptake. 

ARTHROPODS –invertebrates with exoskeletons 
and jointed legs. This millipede is a plant shredder.

Photo credits: Serita Frey, Colorado St U; Randy Molina, Oregon St U; David B. 
Richman, New Mexico St U



Soil Biology:
It’s a War Out There

o Fungal hyphae or filament 
rings that constrict when a 
nematode swims through.

o Fungi then invade the prey 
and use its energy resources.

o Building organic matter and 
encouraging nematode 
predation (fungi) can help 
with control.

Fungi Ring Trap

Photo credit: George L. Barron, University of Guelph, Ontario.



Soil Biology

o Plant roots exude sugars from 
photosynthesis

o Soil fungi use the sugars to live
o In return, fungi expand the root 

system and assist with phosphorus 
and water uptake.

o Fungi in the rhizosphere also help 
protect against disease agents and 
vectors.

Macroscopic Filamentous Fungi

Earthworm

Photo: Steve Hefner, USDA-NRCS



Carbon is Critical

o Plants pull CO2 from air during 
photosynthesis and incorporates the 
carbon into plant matter 
(carbohydrates, fibers, proteins).

o Plants die and residues are the main 
energy and nutrient source of 
microbes. They give back water, 
heat, and CO2.

Photo: Robert DeMoss, USDA-NRCS



Carbon is Critical

o Add more residue than microbes 
can consume, carbon is sequestered 
in the soil. Add less residue than 
microbes can consume, carbon is 
depleted.

o Tillage or disturbance adds oxygen 
to the soil and accelerates microbial 
activity and consumption of carbon 
sources.

o To build OM reduce tillage, grow 
high residue crops, and leave 
undisturbed root systems in the soil 
for microbes. 

USDA-NRCS Photo



Benefits of Organic Matter

o Organic Matter has a lot of 
exchange sites that can buffer soils 
(e.g. when H+ is held by OM it 
removes acidity from soil solution).

o 1% of soil organic matter is 
estimated to deliver 20-30 lbs of 
nitrogen per year.

o Organic matter also can store water. 
It is estimated that  it can hold 90% 
of its weight in water.

o The added water holding capacity 
& soil structure benefits can cut 
erosion rates significantly.

Archived Cartoon from The Furrow Magazine
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Microscopic Proof

Clump of Organic matter 

Mineral particle

Fungal SporePhoto: Emily Bonilla, USDA-NRCS, North Dakota

Magnification = 40X

Male Rhabditis nematode 
consuming bacteria.



Nitrogen Mineralization

o Occurs when protozoa consume 
bacteria.

o Bacteria are richer in proteins 
(N) and the excess N is excreted 
and released into the soil when 
protozoa consume bacteria.

Photo: Emily Bonilla, USDA-NRCS, North Dakota

Protozoa ciliate

Bacteria

Organic Matter



Nitrogen Mineralization

Bacteria
C:N ratio about 5:1

Bacteria Feeding Nematode
C:N ratio about 10:1

Consume two bacteria to get 
enough carbon for respiration 
& body structure

Excrete 1 part N to 
soil solution as 
Ammonia
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Carbon : Nitrogen Ratio

o Carbon makes up large component 
of organic matter. Nitrogen 
comparatively less.

o Soil microbes need nitrogen (for 
proteins) for life cycle and compete  
for the limited amounts.

o A high C:N (lots of carbon) does not 
permit much microbial activity and 
release of nitrogen.

The C:N ratio of straw can approximate 100:1.  
Photo: Steve Hefner, USDA-NRCS



C:N Ratio Example

Wheat Straw
100:1

CO2

respiration

Partial Decomposed Residue 33:1

67 parts carbon
(metabolic waste)

Stable soil C:N ratio 
is approximately10:1

Not enough soil nitrogen for microbes to 
fully utilize the residue. Must either 
acquire soil N in solution or leave residue.

or Immobilize N

23 parts carbon

10 parts carbon
Microbe biomass or 
organic matter.

microbes
Microbial Biomass

Remain Un-decomposed 



Use C:N Ratio in your favor

o Need more residue for erosion 
protection or moisture 
conservation, then use a cover 
crop with a high C:N ratio.

o Need less residue for nutrient 
cycling, then use a low C:N 
ratio.

Newspaper 400-850:1
Sawdust ~250:1
Wheat straw       100:1
Corn Stalks             60-80:1 
Rye 14-20:1
Crimson Clover      15:1
Hairy Vetch 15:1
Cow Manure 10-30:1
Fungi 10:1-25:1
Nematodes ~10:1
Soil                      10:1
Sewage Sludge 5-16:1
Cottonseed Meal 7:1
Bacteria 5:1-7:1
Blood Meal 3:1

Sullivan, 2003. ATTRA Publication # IP024 



Soil Health &Water Quality 
Are Linked 

o Sediment transport  affects water 
quality and is greatest during storm 
events. A few large storm events 
transport the majority of the pollutants. 

o Preparation (through conservation 
implementation) must occur before 
storm events in order to prevent 
sediment transport.  

o Soil is in every watershed. A healthy, 
functioning soil is the best defense 
against sediment transport. Soils that 
function have less runoff, less erosion, 
and filter water.

Beaver Creek, Taney County, MO
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Impact of Disturbed Aggregates 
on Tennessee Cotton Fields

No-tilled 
cotton



Sediment Migration via 
Urban Storm Water

Photo: Steven Hefner, USDA-NRCS

Douglas County, MO



What determines how much 
run-off is produced?

Some factors include…
o How much rain
o How intense
o How long
o Where rain falls
o Moisture & Storage 

Level of Soils
o Conveyance of land

Rainfall
1.5 inches/hour

Infiltration
1 inch/hour

Runoff down slope
0.5 inches/hour

Adapted from Figure 2.6 Stream Corridor Restoration

Hortonian Flow (infiltration excess)



Soil Health Principles

1. Keep Soil Covered 
2. Less Disturbance
3. More Diversity
4. Living Roots

Jay Fuhrer, USDA-NRCS District Conservationist, 
Burleigh County, North Dakota

“The principles to soil health are 
universal.  How you get there 
and how fast is up to you.”

Jay Fuhrer



Soil Quality Principle: 
Always Cover the Soil 

• Cover crops during the dormant 
season leads to greater residue 
on surface, more biological 
activity, erosion protection, and 
ultimately greater organic 
matter. 

• Surface residue reduces surface 
sealing

• Increase in surface soil organic 
C increases water-stable 
aggregation.

Photo: USDA-NRCS



Types of Erosion

o Sheet – soil removed in a 
uniform manner from all 
of the slope

o Rill – soil removed in 
numerous small channels 
only centimeters deep

o Gully – water concentrates 
in channels and removes 
soil to form a deep void.



Soil Temperature

Covered Soil Bare Soil

Bare soils promote drought even though we irrigate.



Soil Quality Solutions:
More Plant Diversity

o Crop rotations  should 
include as many crop 
types as possible – cool 
season grass, cool season 
broadleaf, warm season 
grass, warm season 
broadleaf. 

o 8, 12, and 15 cover crop 
“cocktail” mixes were 
being evaluated with 
positive results.

Photo: Steve Hefner, USDA-NRCS



Cover Crops

o Cover crops in the rotation help 
heal soils by adding organic 
matter, providing cover for 
erosion protection, and 
stimulating microbial activity for 
nitrogen release.

Plow layer easily visible  
in this soil profile and 
impedes root growth

Photo: Steven Hefner, USDA-NRCS



Cover Crops

o Feeds soil microbes and 
helps with nutrient cycling.

o Inhibits weed growth
o Protects from erosion
o Less energy required
o Build OM and soil structure

Photos: Rodale Institute 



Soil Quality Principle: 
Less Soil Disturbance

o Disturbance disrupts the water cycle 
by rupturing pore space between soil 
particles.

o Ratio of fungi to bacteria is less when 
soils are disturbed. Fungi are highly 
desirable.

o Disturbance disrupts the nutrient cycle 
by introducing air to soil bacteria that 
consume the carbon in the soil as a 
food source and release CO2.

Before Disturbance

After Disturbance



Soil Quality Solutions:
Minimize Disturbance

How much of this soil is covered all year? 
How much disturbance has occurred?
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Soil Quality Solutions:
Minimize Disturbance

More Living Roots year round growth feeds micro-organisms.

80% 60% 50% 30%

Overgrazing is 
another type of 
soil disturbance

Photo courtesy of  NRCS East National Technology Support Center



Grazing Condition & Runoff



Soil Structure

o Grouping of soil particles into 
aggregates, which can form into 
plates, columns, blocks, or 
spheres.

o Good soil structure includes poor 
space and is less dense than 
compacted. Structure permits air 
and water movement, and root 
penetration in the soil.

o “The soil should be half 
something and half nothing.”  

Photo Courtesy of USDA-NRCS East National Technology Support Center



Glomalin: “Soil Glue”

o Glomalin: a protein and 
carbohydrate made by fungi 
that serves as “super glue” to 
bind soil particles and organic 
matter (Comis, 2009).

o Strong: it takes a bath of 
citrate combined with heating 
at 250 degrees F for an hour 
to dislodge glomalin in a lab 
study.

o It resists microbial 
breakdown longer than other 
soil components that contain 
nitrogen and carbon.

Photo courtesy of East National Technical Center, origin unknown to author.



Living Roots:
Stimulate Soil Life

o Plant roots exude sugars. 

o Soil biology feeds on 
sugars.

o Microbial activity cycles 
nutrients.

Cover crops used in Indiana to improve soils with platy soil 
structure.   Photo: Steve Hefner, USDA-NRCS



Living “Bio-drillers”

o Earthworms – drill macropores, 
consume residue, excrete waste, 
exude “slime” that bind soils 
together.

o Plant Roots – penetrate soil, cycle 
nutrients, add organic matter when 
die.

Photo: Steve Hefner, USDA-NRCS



Soil Quality in Southern 
Agriculture

o “The virgin fertility of our soils and the vast 
amount of unskilled labor have been more of a 
curse than a blessing to agriculture. This 
exhaustive system for cultivation, the destruction 
of forest, the rapid and almost constant 
decomposition of organic matter, have made our 
agricultural problem one requiring more brains 
than of the North, East, or West.”   

George Washington Carver



Farmer Testimonials

“We’re striving to get on a half-and-half 
cotton/corn rotation. We think we’re seeing 
a pretty good yield increase with that 
program.”

“My grandfather would be rolling over 
in his grave to see combines on this 
farm.”



Farmer Testimonials

“They told Mark Rogers it wouldn’t work – that 
cotton grown behind calves wouldn’t perform 

well because the animals would pack the ground 
so much that the cotton would suffer.”

“Not only is he growing strip-till cotton on 
fields where calves have wintered on 

ryegrass, yields on those fields are 
consistently better than for his 

conventional cotton.”



Farmer Testimonials

“My belief was that the organic matter from the 
ryegrass stubble and from the cow manure should be 
beneficial for the cotton. But, when I mentioned that 
theory to some old time cotton growers, they told 
me it wouldn’t work.”

“The 100 acres of cotton I planted strip-till into the 
ryegrass stubble behind the calves outperformed 
everything else by several hundred pounds.

“ I’ve never had a year when in which cotton behind 
calves didn’t outperform conventional cotton, even in 
side by side fields.”



Farmer Testimonials

“Knowing what I’ve learned about 
soil health the last several years , I 
am convinced that with 5 years and 
free reign, I can farm anywhere 
profitability.”

Gabe Brown
North Dakota Farmer

Photo: Steve Hefner, USDA-NRCS



Personal Observations:
Poultry Litter Amended Soils

o Precision graded crop fields 
that expose sub-soils.

o Application to Ozark hill 
ground facilitates legumes 
growth. 

USDA-NRCS photo



USDA EQUAL OPPORTUNITY 
STATEMENT

The U.S. Department of Agriculture (USDA)  prohibits discrimation in all its 
programs and activities on the basis of race, color, national origin, age, disability, 
and where applicable, sex, marital status, familial status, parental status, religion, 
sexual orientation, genetic information, political beliefs, reprisal, or because all or 
a part of an individual’s income is derived from any public assistance program. 
(Not all prohibited bases apply to all programs.) Persons with disabilities who 
require alternative means for communication of program information (Braille
large print, audiotape, etc.) should contact USDA’s TARGET Center at 202-720-
2600 (voice and TDD).

To file a complaint of discrimination, write USDA, Director, Office of 
Civil Rights, 1400 Independence Avenue, SW, Washington, DC 20250-9410 or call 
(800) 795-3272 (voice) or (202) 720-6382 (TDD). USDA is an equal opportunity 
provider and employer.


