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Understand and explain the definition 
of soil development

Understand and explain the difference 
between soil properties and 
interpretations

Objectives: 



Why Should We Care About Soil?



Definition of Soil
• USDA-NRCS: The unconsolidated mineral or 

organic material on the surface of Earth that 
supports plant growth and has been subjected 
to and shows effects of genetic and 
environmental factors of climate, organisms, 
relief, and parent material over time 
(pedogenesis).  

• Hans Jenny: “Soil is the hidden, secret friend, 
which is the root domain of lively darkness 
and silence.”

• Charles E. Kellogg: “Essentially, all life 
depends on soil…. There can be no life 
without soil and no soil without life they have 
evolved together.”

Antigo silt loam

WI State Soil



What is Soil?

SAND

SILT

CLAY



Soil Forming Factors

Hans Jenny 

Swiss Soil Scientist

1899-1992

UC Berkley Researcher

1941: Soil is open system; properties 

are functionally related; system 

changes when property(ies) 

change(s)

s = f (cl, o, r, p, t....)



Climate

NOAA 30 Year Average Temperature & Precipitation  

(1981-2010)

WI Tension Zone



Organisms

Pedoturbation (soil mixing)_ 

Cycling of nutients

Spodosols form in coniferous 

forest in cool, moist climates 
1830s: 63% Forested 

27% Savanna 

10% Prairie/sedge meadow

Spodosol Mollisol

Cruse et al. 2014

Mollisols form on grasslands 

where vegetation is deep 

rooted 



Relief (Topography)

Source: Esri,
Maxar, GeoEye,



Parent Material

Every soil inherits traits from the geologic material from which it formed 



Time



Soil Description



USDA Soil Texture

%sand + %clay + %silt = 100%



Organic Soils & USDA Soil Textures
Muck (texture = sapric; horizon = Oa)

Mucky peat (texture = hemic; horizon = Oe)

Peat (texture = fibric; horizon = Oi)



Soil Structure 

Massive

Single Grained

Granular Blocky

Platy

Prismatic



Soil Color



Soil Color Notation

10YR 2/1



O Horizon

A Horizon

E Horizon

B Horizon

C Horizon

R Horizon

Idealized Master Soil Horizons

Ap

Bkg

Ak

Ap

E

Bt

Cg



Soil Classification & Mapping 

Alfisols,  44%

Entisols, 12% 

Histosols, 9%

Inceptisols, 4%

Mollisols, 10%

Spodosols, 16%

Ultisols, <0.5%

Non-Soil, 6%



Soil Properties, Qualities and Interpretations

Properties can be measured or inferred 

from direct observations in the field or 

lab

Qualities cannot be directly measured; 

behavior or performance attribute

Interpretations are predictions about 

how soil will behave (suitability and 

limitations)



Interpretations

Soil survey interpretations predict 
soil behavior for specified soil uses 
and under specified soil 
management practices. 

– Laws, programs, and regulations 

– Broad land use planning
• NSSH 617

The accuracy of the prediction 
depends on the how well the data is 
populated and the completeness of 
the criteria. 

– Need to be written with the participant 
who works with the intended use



Interpretations

Site features, such as slope 
gradient and mean annual air 
temperature

Whole soil properties, such 
as depth to a restrictive layer 
or depth to seasonal high 
water

Individual horizon features, 
such as clay content, pH, or 
content of rock fragments



Interpretation Style
Types of Interpretations: 

Suitability 0 – 1

0 = not suited  

1 = highly suited (suitability for 
roads)

Limitation 0 – 1
0 = not limited 
1 = highly limited (dwellings 
with basements)

Numeric 
• Crop Productivity
• Soil Erodibility Factors 

Classes
• Hydrologic Soil Groups
• Drainage Class
• Farmland Classification



Soil Properties 

What properties do you extract 

from a pedon description?

Pedon Description

Properties

Interpretations

Lab Data



Soil Properties

Inherent Properties:

• Change little, if at all, with land use or 

management practices. 

• Reflects natural characteristics, based on soil 

forming factors.

Dynamic Properties:

• Properties that change with land use, 

management, and disturbance over the human 

time scale (decades to centuries).

(http://soilquality.org/basics/inherent_dynamic.html)



Soil Texture: USDA vs USCS

Soil Properties

LL- PL = PI



(Weil and Brady 2017)



Soil Properties

Restrictive Features:
Physical, chemical, or thermal properties that significantly impede the movement of water and air 

through the soil or that restrict roots or otherwise provide an unfavorable root environment.

Depth to Bedrock Water Table and Drainage



Soil Organic Matter 

(SOM): 

Decomposed plant, 

animal, and microbial 

residues

Soil Properties

(SavoryInstitute: (L) rotational frazing; 

(R) Conventional Grains)

https://www.denbow.com/soil-stormwater-

management-tool/



(Weil and Brady 2017)

Organic 

Matter



Soil Properties
Soil Water Dynamics 

Permeability: defined qualitatively as the ease with which gases, liquids, or plant roots penetrate or 

pass though a soil mass or layer

Infiltration Rate: Speed at which water enters into a soil during rainfall event

Saturated Hydraulic Conductivity (Ksat): Ease at which pores of a saturated soil permit water 

movement (m/s or in/hr); Used in soil interpretations and based on structure, porosity, texture, 

consistence

Available Water Capacity: Amount of available soil water that a soil of a given texture will hold (water 

held between field capacity and the wilting point)



Hydrologic Soil Groups (HSGs)

Groups of soils that have similar runoff 

potential under similar storm and cover 

conditions

A: Low runoff potential

B: Moderately low runoff potential

C: Moderately high runoff potential

D: High runoff potential

A/D, B/D, C/D: high runoff potential unless 

drained



HSGs: Criteria

Saturated Hydraulic 

Conductivity
Depth to Water Table Depth to Restrictive 

Layer

Assumptions:
• Conditions of maximum yearly wetness 

• Soil is not frozen

• Bare soil surface

• Maximum swelling of expansive clays. 

• Slope is not considered

Ksat: 0–0.9 µm/s

(0.1 inches per hour)



Soil Erosion Factors 

K Factor: Susceptibility of soil to sheet and rill erosion by 

water (0.02 to 0.69)

T Factor: Estimate of the maximum average annual rate of 

soil erosion that can occur without affecting crop productivity 

(tons per acre per year) 

Wind Erodibility Group (WEG)/Index (WEI): Susceptibility 

to wind erosion in cultivated areas. (Group 1-8)



Planning Reports



Soil Survey: A tool for exploring soil properties, 

qualities, and interpretations
So many interps!

Use the search bar!

Ask your local soil 

scientist for 

technical assistance



QUESTIONS?


