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Mt. Haleakala, Maui, Hawaii 

Goals During this Presentation: 
 

• Give overview of soils as systems. 
• Relate the former to soil health in Missouri. 

• Provide useful perspectives. 



The Crab Nebula, from Hubble 

Physical cosmology is the scientific study of the origin, evolution, 
structure, dynamics and ultimate fate of the universe and the natural 

laws that keep it in order.  



Why the reference to cosmology? 

• Many soils are ancient (Oregon’s Painted Desert below). 

• Life on Earth as we know it would not exist without soils.  

• Soils, climate and their associated biota co-evolve through 

geologic time. 

• Soil is the accumulated legacy of terrestrial life on Earth. 

• Soils are quickly and easily eroded, but evolve slowly. 

• Many misperceptions exist. 
 

 
 

•   



Soils form at the rate of one inch per 
1000 years. 

 
“The soil and its underlying parent material . . .” 



Parent material 
accumulation often 

results from 
catastrophic 

events. 



Understanding and appreciating soils requires a 
shift from our normal perspectives. 

 

Most soils form in multiple parent materials. 



I t is, really, all about scale, perspective  

and what we think we know . 

Photograph of montmorillonite 
taken with SEM.  



Perspective – 
 

What we think we know, the lens through which 
we view, and the framework from which we 

describe and explain what we think we have seen. 
 

The human perception/model always is 
incomplete and inaccurate. 

 
Beliefs and “knowings” affect our perceptions. 

 
 
 

“I  wouldn’t have seen it if I  hadn’t believed it.”   
A geology Ph.D. candidate examining satellite imagery evidence of plate 

tectonics. 
 
 
 

  
 



Mount St. Helens, WA 
Sept. 5, 2013 

   

What are soils, and how do they form? 



What is a soil? 

Lake 

Dog 
 

Bridge 



Soils are natural bodies that exist as three-phase 
systems (solid, liquid and gas), composed of mineral 

and organic materials, hosting microbial life and 
capable of supporting plants out-of-doors. 

• Soils form as a result of the accumulation 
of parent materials and the development 
of horizons. 
 

• The soil profile is the historical record of 
the developmental history of the soil. 
 

• The former discovery is the most 
important in the history of pedology. 
 

• The interactions of soils and water are the 
most important abiotic processes on Earth. 



“The Soil” is a chromatographic continuum 
across the landscape,  

and soil individuals (boundaries) are human 
constructs based upon soil morphology, soil 

chemistry soil drainage, etc.   
 

Where does one soil end and another begin? 



The soil survey is based 
upon a “soil landform” 

paradigm which is a logical, 
scale-adjustable model that 

each soil scientist refines 
on the basis of knowledge, 

experience and skill. 

Soil series 

Soil associations Soil orders 



Two conceptual models, 

the “Factors of Soil 

Formation” and the 

“Processes of Soil 

Formation,” combine to 

form a holistic earth 

science model. 

Dokuchev (1876) 

Simonson (1959) 



The Factors of Soil Formation: 
 

Climate 
Living organisms 

 
Parent material 

 Time 
Topography 



The Processes of Soil Formation 
 Two steps: 

 Accumulation of Parent Materials 
Development of Horizons 

 
Gains – Losses – Transformations -- Translocations  

 



Crompton’s “Richness of weathering” 
vs. “intensity of leaching” 

The proportions, 
sizes and kinds of 

minerals in the 
parent materials 

Richness of weathering 

The extent to which products 
of weathering are organized 

and relocated in the soil 
profile and landscape, or are 
removed from the system. 

Intensity of leaching 
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Why do we have different soils in the 
same landscape? 

 

Organic soil in  
Nooksack River Basin 

Mineral soil in  
Nooksack River Basin 



How do vegetation and soils interact? 

Forest soil Prairie soil 

Organic matter 
added below the 

soil surface. 

Organic matter 
added to the soil 

surface. 
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Soils, plants, associated biota and landscapes  
co-evolve through geologic time. 



The soil is a system  
with intimately 

connected hydrologic, 
biologic, nutrient 

cycling and energy flow 
components. 



It’s a little more complex than I thought!! 24 





Native prairie ecosystems are 
diverse, efficient, resilient, 
sustainable, productive and 

beautiful. 
 

They conserve and build the soil 
and with no human inputs, deliver 

quality water to aquifers. 

Courtesy Pat Whalen 

Courtesy Heidi Natura 
Conservation Research Institute 



Surface water runoff 

seldom occurs under 

native vegetation in 

humid environments. 



1993  2013 

Missouri 

Missouri 

Kansas 

Oregon 



Sediment-laden meltwater 
from accelerated glacial 

thawing.  Northern Alaska, 
2013. 

Sediment plumes around 
Mississippi River delta in  

Louisiana, 
2013 



Sustainable Soil Management: 
What is required? 

• Knowledge of the soil’s attributes and properties, w ith 
emphasis on the abilities of water and roots to occupy the soil 
volume. 

 
• Understanding how this soil functions in its landscape setting. 

 
• Maintaining the capacity of the soil to infiltrate water and host 

microbial populations. 
 

• Stabilizing the soil surface . 
 



From 
 

The soil profile . . . 
 

To the hillslope . . . 
 

To the watershed.  



Landscape position affects the quantity and 
quality of the rooting volume, water and 

nutrients, with plant productivity increasing 
farther downslope. 

 
Data from Taberville Prairie 
Landscape is Konza Prairie 



Healthy soils filter water and deliver 
it clean to aquifers. 

 
The soil is a water reservoir and a slow 

water release system to aquifers.  



Soil Health 
Soil quality, also referred to as soil health, is defined as 

how well soil does what we want it to do.  
 

Healthy soil gives us clean air and water, bountiful crops 
and forests, productive grazing lands, diverse wildlife, and 

beautiful landscapes. 
 

As defined on NRCS web site 



Specific SOIL FUNCTIONS include, 
but are not limited to: 

1. Water  infiltration, percolation, filtering, and delivery 

to aquifers and plants in “clean” condition; 

2. Decomposition of biological detritus; 

3. Carbon sequestration; 

4. A source of support, nutrients and water for plant 

communities; 

5. Home for immeasurable species of soil fauna; 

6. Energy transformation and distribution; 

7. Sustainable interactions among soil, soil fauna, 

vegetation and water. 

 



Hillslope hydrology – water infiltration and its 
subsequent storage and pathways of movement w ithin 
the soil landscape—a complex system of site- and soil-

specific parts and functions. 

 
 

The most important 
interface in the  

biosphere. 



Permeable soil surface. 
Strongly structured surface. 

High O.M. content. 
Minimal erosion. 

Strong subsoil structure. 
Rapid water percolation. 

High available water-holding 
capacity. 

 
Favorable soil texture throughout. 
Excellent quality and quantity of 

rooting volume. 

Water infiltration, percolation and 
storage are excellent in this soil.  

 

Marshall Soil 



Soil water movement 
and storage are 

functions of: 
• Layering of materials, 

• Soil structure, 

• Mineralogy, 

• Texture (sand, silt, clay). 

• Slope attributes. 



The ability of soil to support plant life is 
dependent upon the quantity and quality of the 

rooting volume. (T.S. Coile, 1952) 

Soil Quantity = Volume of soil 
available to plant roots - 

Presence of restrictive 
layers: 

Chemical 
Physical 
 Claypan 
 Fragipan 
 Compact layer 

 
Rock fragment content 
 



Quality of the Rooting Volume 
(initial soil health concept was “soil quality”) 

• Chemical environment: 
• pH 
• Nutrients in the proper 

proportions and abundance. 
• Aeration. 

• Plant-available water. 
• Interactions with beneficial soil 

fauna. 
• Absence of pathogens and disease. 

• Soil surface temperature. 

 



The Roles of Microorganisms 

• Fix nitrogen 
• Decompose organic detritus 
• Cycle nutrients 



Soil Fertility 
The capacity of the soil to 

supply essential nutrients for 
plant growth . . . 

in the proper amounts and 
ratios . 

Implications: 
• Plant species are 

matched to soil, site and 
climate; 

 
• Adequate water during 

growing season; 
 

• No other restrictions 
(altered soil attributes). 
 
 



Functions of Soil Organic Matter 
(Direct Effects) 

• Aggregates soil particles. 
 

• Source of plant-essential nutrients. 
• N S 
• P Micronutrients 
 

• Source of microbial energy. 
 

• Accelerates synthesis of clay minerals. 
 
• Aids in translocation of soil colloids. 

 



0        50       100      150    200 0        50       100         150      200  

Time 

Time (years) 

Soil Organic Matter: 
 

Decline and recovery during 
and after disturbance. 

 
 

Undisturbed -- 
Dynamic Equilibrium 

Conventional Tillage 
Loss of 40-60% in 40-60 

Years 

Recovery  
150 - 250 Years 
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Measureable Components of Soil Health 
by Broad Categories 

1. Soil biology 

2. Soil physical properties 

3. Soil chemical properties 

4. Soil-water interactions 

5. Soil organic carbon (SOC) 



• P, N, herbicides and pesticides not in sufficient 
quantities to cause water quality problems in the event 
of an unexpected erosional event or normal hydrology; 

 
• Rooting volume sufficient in quantity and quality to 

sustain a permanent vegetative cover; 
 

• Sustainable under its land use or management system. 

Attributes of a Healthy Soil  

• Stable soil surface with good soil structure; 
 

• SOC in dynamic equilibrium with its management and the 
environment; 
 

• Robust, diverse microbial population that efficiently decomposes 
detritus and cycles nutrients; 
 

• Effectively infiltrates, percolates and transmits precipitation; 
 
 
 



Soil Health Laboratory Analyses 
(Specific to “A” horizons) 

 

1. “Active fraction” of soil organic matter. 

2. Total soil organic matter. 

3. Phospholipid fatty acid analyses– PFLA. 

4. Aggregate stability (can water infiltrate throughout rainfall event?). 

5. Bray 1 and Bray 2 phosphorus. 

6. Texture by pipette. 

7. pH. 

8. Mineralizable N. 

9. On selected sites and reference areas – infiltration and Ksat. 

10. Over time . . . relationships among these. 

11. Rates of response to cover cropping systems. 



How to manage for 
soil health? 

1. Stabilize the soil surface and manage 
for maximum organic matter; 

2. Maximum water infiltration; 
3. Nutrient efficiency (cycling and total 

rooting volume). 
4. Keep pH at an optimum. 

 



A Tenant of Soil Health is 
Cover Cropping – Imitating 

Natural Systems  

• Continuous vegetative cover on the soil 
optimizes above- and below ground 
biomass and diversity. 

 
• Stable soil surface. 

 
• Maximum water infiltration. 

 
• Efficient nutrient cycle. 

• No leaks, 
• Draw nutrients from depth, 
• Everything is used. 

 
• Builds biologically available source  
of limiting nutrients (P, micronutrients). 



Soil Structure Cannot Be Over Emphasized 

Soil surface structure 
allows water infiltration, 
aeration, root penetration, 
larger surface area for 
roots and microbes . . . 

Subsurface structure 
important for water 
movement, root 
penetration . . . “the 
quantity and quality of the 
rooting environment.” 





Organic matter coatings on ped faces at depth 
of eight feet in native prairie soil (sw MO). 

 
Roots are observed on ped faces also.  The 
rooting environment is different than the 
environment of the crushed soil volume. 



Carbon and P distributions on ped surfaces and 
ped interiors  in native prairie soil (MO) 



Bolivar Dennis Doniphan Gerald 

1. Different soils will have different “health” values. 

2. Not all soil health attributes will improve at the same rates. 
3. Interactions among soil health attributes are largely unknown, 

particularly among soils and with respect to various cover 
cropping practices. 

4. We don’t have a soil health baseline, so . . . 

5. We will have difficulty making recommendations for a while. 

 



Things to do. 

• Be in the field and be observant. 
• Keep excellent records. 
• Talk with others – keep learning. 
• Invest in data. 
• Manage for long-term objectives that build the soil. 
• Trust your instincts and judgment as your skills grow. 
• Be willing to take calculated risks based on skills, 

data and your growing expertise. 
• Use nature as a template. 
 



We think our approach 
is logical, cost-effective, 

and involves the 
landowner in ways that 

will increase his/her 
knowledge of their soil 

systems, their 
management goals, and 

their management 
techniques. 

 
 

We’re looking forward 
to serving and working 

with you. 
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