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Since WWII,

soil management 

research & practice  

has done a remarkable job of 

identifying and alleviating 

limiting factors



Drainage

Compaction

Soil acidity

Low nutrient levels 

Pests & Pathogens

How have these limiting factors been managed on your farm?

What has been the impact of managing these limiting factors?



Jimmy, this farm’s 
yields have tripled!



Grandpa, has 
our SOM tripled?



Degraded soil

Degraded aquatic ecosystems



Degraded soil

Degraded aquatic ecosystems

Rural communities??

Food Quality??

HUMAN HEALTH??

Climate Change??

Wildlife??



There is growing 

recognition that 

optimum soil management

involves more than

alleviation of limiting factors



OPTIMUM

SOIL MANAGEMENT
increases crop productivity 

&

R EG E N E R AT ES
other important soil functions 

including C sequestration, 
water purification,  

resisting degradation… 



Optimum soil 

management

improves 

crops & 

Soil HEALTH

IN SIMPLER TERMS



Is this
really 

possible? 

Soil  improved by >40 yrs of NT w/cover crops on Dave Brandt’s farm in Carroll, OH

regeneration

> alleviation



higher & more 
consistent yields 
where the field 
history = hayhas higher SOM

Many farmers have observed the benefits of higher SOM



What is a fulcrum?



Inputs

SOM



Inputs

Soils with a little more SOM  
normally produce 

higher yields 

SOM
Disproportionate impact!



How does SOM have so much impact?

SOM enhances biological activity
Energizes most biological processes in soil

Promotes healthy root growth and function

Promotes biocontrol of pests and pathogens

SOM improves soil structure
Resists erosion and compaction

Creates porosity and stabilizes aggregation

Prevents crusting, especially in fine-textured soils

SOM increases water availability
Improves water infiltration

Improves rooting depth 

Increases water holding capacity, especially in sandy soils

SOM increases nutrient availability
Increases the nutrient holding capacity of soils

Serves as a slow release form of nutrients

Chelates nutrients increasing their bioavailability

Enhances biological cycling of nutrients 
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Inputs such as 

fertilizer, irrigation, 

and pesticides 

can substitute for 

some of the 

functions of 

SOM but 

no input is 

as multi-functional 

as SOM



SOM creates 

po ros i t y
and stabilizes 

soil aggregates



Least Limiting Water Range

dry Soil water content, cm3/cm3 *100     wet

10     15      20 25      30     35 40 45     50     55

 LLWR for loose well-aggregated soil   →

LLWR for compacted  soil→

Not 

enough O2

for root 

respiration

Soil too 

hard for 

roots to 

penetrate

Ray Weil
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Easy to observe ☺



Easy to observe ☺

Improvements in soil 

structure are a good 

early indicator that

C is accumulating



I received this book for Xmas shortly before I arrived at WIU



The book suggests that conventional agriculture turns soil 

into a biological ghost town

Is this an accurate description of the soil on OH/IN/MI farms 

that receive conventional management 

(i.e., tillage, fertilizers, pesticides…)?



Conventional soil management practices do NOT normally sterilize soils
FungivoreBacterivore

PredatorPlant parasite
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but do modify the composition and function of soil biology



Conventional soil management practices do NOT normally sterilize soils
FungivoreBacterivore

PredatorPlant parasite

Plant parasitic nematodes often 

dominate in conventional 

management systems but tend 

to be a small part of the 

nematode community in 

diversified cropping systems
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Sooo… what is different in 

diversified cropping systems?  



DIVERSIFIED CROPPING SYSTEMS can:

ENHANCE SOIL HEALTH
Solve specific agronomic problems 

(weeds, pests, diseases)

Overcome bottlenecks

Offset inputs

Reduce risk



the performance of an entire system 

is limited by a single or small # 

of components or resources

What is a bottleneck?
I need a bigger planter!



Assuming the same # of total crop acres, 
which of these rotations warrants a 

bigger planter?



Assuming the same # of total crop acres, 
which of these rotations warrants a 

bigger planter?



Many types of bottlenecks
(e.g., limited availability of manure, 

limited time when crop size & soil conditions 

are appropriate for cultivation, 

limited availability of labor for walking beans, 

limited availability of equipment or skilled labor for 

planting/cultivation/harvesting, …) 
can be resolved by

DIVERSIFIED CROPPING SYSTEMS





If you are 

looking for 

some 

interesting 

winter 

reading…



Do you know what a LEY is? LEY = perennial sod soil building 

phase of rotation

a good article

in the collection



§205.205 Crop rotation practice standard.
The producer must implement a crop rotation 
including but not limited to sod, cover crops, green 
manure crops, and catch crops that provide the 
following functions that are applicable to the 
operation: 

(a) Maintain or improve soil organic matter content; 

(b) Provide for pest management in annual and 
perennial crops; 

(c) Manage deficient or excess plant nutrients; and 

(d) Provide erosion control. 

What do the National Standards require? 



Simple rotations such as 

corn-soybean or even

continuous corn w/ CCs

are NOT explicitly 

prohibited 



When evaluating if the crop rotation standard is being 

met on a farm, review the following 7 points:

1) Are practices used which increase or maintain organic matter content? 

Is monitoring done?

2) Are pests and weeds controlled adequately?

3) Do the yields reflect acceptable fertility for soil? Is soil testing done? 

Manure used? Compost? Off-farm fertility inputs? 

4) Are there erosion concerns? Slope? Soil type? Are conservation measures such 

as contoured strips and waterways employed?

5) Are cover crops used if hay/sod is not part of the rotation?

6) What other practices might be in place to reflect stewardship?

7) What about one/two-year deviations because of crop failures or other issues?

Organic farmers who want to 
use simple rotations should be 
prepared to answer these Qs



https://www.alcanada.com/pdf/Tech_Bulletins/Soil/Optimum_Levels/553-
Soil_Optimum_Levels_CEC.pdf
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Soil 

testing 

should be 

viewed 

as a tool 

to help 

solve 

problems

Soils w/ higher CEC (more clay and OM) can normally supply sufficient P @ lower soil test P levels

Soils w/ higher CEC normally need higher soil test K, Ca and Mg levels to provide sufficient avaiilability

Lower cation saturation %s are normally sufficient in soils w/ higher CEC

https://www.alcanada.com/pdf/Tech_Bulletins/Soil/Optimum_Levels/553-Soil_Optimum_Levels_CEC.pdf


https://www.alcanada.com/pdf/Tech_Bulletins/Soil/Optimum_Levels/553-
Soil_Optimum_Levels_CEC.pdf

lo
w

e
r

h
ig

h
e
r

lo
w

e
r h
ig

h
e

r

Soil 

testing 

should be 

viewed 

as a tool 

to help 

solve 

problems

Low or high soil 
test #s are 
NOT the 
problem!

Soils w/ higher CEC (more clay and OM) can normally supply sufficient P @ lower soil test P levels

Soils w/ higher CEC normally need higher soil test K, Ca and Mg levels to provide sufficient avaiilability

Lower cation saturation %s are normally sufficient in soils w/ higher CEC

https://www.alcanada.com/pdf/Tech_Bulletins/Soil/Optimum_Levels/553-Soil_Optimum_Levels_CEC.pdf


https://www.alcanada.com/pdf/Tech_Bulletins/Soil/Optimum_Levels/553-
Soil_Optimum_Levels_CEC.pdf

lo
w

e
r

h
ig

h
e
r

lo
w

e
r h
ig

h
e

r

Soil 

testing 

should be 

viewed 

as a tool 

to help 

solve 

problems

Low or high soil 
test #s are 
NOT the 
problem!

Soils w/ higher CEC (more clay and OM) can normally supply sufficient P @ lower soil test P levels

Soils w/ higher CEC normally need higher soil test K, Ca and Mg levels to provide sufficient avaiilability

Poor crop 
performance & 
inefficient use of 

nutrient resources 
are problems! 

Lower cation saturation %s are normally sufficient in soils w/ higher CEC

https://www.alcanada.com/pdf/Tech_Bulletins/Soil/Optimum_Levels/553-Soil_Optimum_Levels_CEC.pdf


Why do some soils have more SOM?

The amount of organic matter in soil is the result of two processes: 

additions and losses. 5 main factors affect both additions and losses. 

Soil texture - Fine-textured soils can hold much more organic matter than sandy 

soils for two reasons. First, clay particles form electrochemical bonds that 

stabilize organic compounds. Second, decomposition occurs faster in well-

aerated sandy soils. Sandy loams rarely have more than 2% organic matter. 

Historical vegetation - In prairies, much of the organic matter that dies and is 

added to the soil each year comes from grass roots that extend deep into the soil. 

In forests, the organic matter comes from leaves that are dropped on the surface 

of the soil. Thus, farmland that was once prairie will normally have higher 

amounts of organic matter deep in the soil than land that was previously forest. 

Climate - High temperatures speed up the degradation of organic matter. In 

areas of high precipitation (or irrigation) there is more plant growth and therefore 

more roots and residues entering the soil. 

Landscape position - Low, poorly-drained areas have higher organic matter 

levels, because less oxygen is available in the soil for decomposition. Low spots 

also accumulate organic matter that erodes off hill tops and steep slopes. 
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So what is 

the 5th

factor?



CROP

Nutrient

Management
Water

Management

SOM

MANAGEMENT5th factor = 



Saturation deficit

Saturation of capacity

Actual C

Practically 

attainable C

Potential C

(Dick and Gregorich, 2004)

Disturbance factors

Input factors

capacity factors
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= opportunity

Residue yield

Soil  
type



Fencerows are a simple way to estimate a 

a soil type’s capacity for C accumulation

Fields or portions of 
fields that are far 

below capacity are the 
best places implement 

SOM building 
practices.



Large differences in %OM are readily detected by a % OM test. 

Smaller differences resulting from a new SOM building practice are 

likely to be detected sooner by an active OM test. 



The active soil C measured by the new procedure was 

more sensitive to management effects than total organic C, 

and more closely related to biological and physical soil 

properties, such as respiration, microbial biomass and 

aggregation than several other measures of soil organic C.  



Permanganate oxidizable C

a routine test for “active” soil C ??





This classic commentary provides good food for thought

Journal of Soil and Water Conservation - 1995

???



This classic commentary provides good food for thought

Journal of Soil and Water Conservation - 1995

???FEAST&FAMINE,               

DEAD RESIDUE DIET 

What are the 
symptoms of a 

“white bread diet”?

HIGH C:N RATIO



This classic commentary provides good food for thought

Journal of Soil and Water Conservation - 1995

???

DEGRADED SOIL 
STRUCTURE



This classic commentary provides good food for thought

Journal of Soil and Water Conservation - 1995

???

slower infiltration 
resulting in 

more erosion 



This classic commentary provides good food for thought

Journal of Soil and Water Conservation - 1995

???

Less efficient 
retention  
of SOM



https://www.youtube.com/watch?v=mXwh4JN6c6M

https://www.youtube.com/watch?v=mXwh4JN6c6M


Just like a cow, “soil 
bugs” benefit from 

a balanced diet

https://www.youtube.com/watch?v=mXwh4JN6c6M

https://www.youtube.com/watch?v=mXwh4JN6c6M


SOIL BUGS 
not plant residues 

are the main 
ingredient of SOM

https://www.youtube.com/watch?v=mXwh4JN6c6M

https://www.youtube.com/watch?v=mXwh4JN6c6M


This was my main focus for about 5 years 

Precision planted CCs = more management but fewer benefits than expected



Diverse cover crop mix planted mid-August at the Allison Farm

I am now more interested in CC mixes





Nodulation on a sunn hemp root



Soil Surface! 



Review: Endophytic microbes and their potential 

applications in crop management

James F White,Kathryn L Kingsley,Qiuwei Zhang,Rajan Verma,Nkolika

Obi,Sofia Dvinskikh,Matthew T Elmore,Satish K Verma,Surendra K Gond,Kurt

P Kowalski

First published: 22 June 2019, Abridged by JB Gruver

https://doi.org/10.1002/ps.5527

Abstract

Endophytes are non-pathogenic microbes (mostly bacteria and fungi) active inside plants. 

Endophytic microbes have been shown to: (i) obtain and transfer nutrients to plants in the 

rhizophagy cycle and other nutrient-transfer symbioses; (ii) increase plant growth and 

development; (iii) reduce oxidative stress of hosts; (iv) protect plants from disease; (v) 

deter feeding by herbivores; and (vi) suppress growth of competitor plant species. 

Because of the effective functions of endophytic microbes, we suggest that endophytic 

microbes can significantly reduce use of agrochemicals (fertilizers, fungicides, 

insecticides, and herbicides) in crop production. The loss of endophytic microbes from 

crop plants during domestication and long-term cultivation could be remedied by transfer 

of endophytes from wild relatives of crops to crop species. 

Reading for this week

https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=White%2C+James+F
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Kingsley%2C+Kathryn+L
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Zhang%2C+Qiuwei
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Verma%2C+Rajan
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Obi%2C+Nkolika
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Dvinskikh%2C+Sofia
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Elmore%2C+Matthew+T
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Verma%2C+Satish+K
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Gond%2C+Surendra+K
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Kowalski%2C+Kurt+P
https://doi.org/10.1002/ps.5527




We have developed a 

revolutionary process which 

uses directed selection to 

discover beneficial 

teams of microbes



https://youtu.be/2f5aru4103I

https://youtu.be/2f5aru4103I?list=PLBwhoK0hSpr1piSi8Ss8GoB7LEy7vB0hB


BioAg Facility in Augusta IL for production 

of compost teas & extracts



=  zone ofhighmicrobialactivity in, on and near seeds



https://youtu.be/CvYVDvtz7WA











Cutting 

edge 

science



BUILD IT AND THEY WILL COME 

is the most important strategy for 

managing soil biology!

I am glad they 

stopped tilling

so much !

…and started 

providing 

better food!


