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SoilSoil--Landscape ParadigmLandscape Paradigm
The ContextThe Context

Factors of Soil FormationFactors of Soil Formation
-- Parent MaterialParent Material

-- ClimateClimate
-- OrganismsOrganisms

-- ReliefRelief
-- TimeTime
SoilSoil--landscape units are landscape units are 
spatially predicablespatially predicable
Field Based ActivityField Based Activity

Hudson, B.D, 1992

Photo by Ron Nichols, 1989 – WI



Example 
Landscape 

Units

Co- Crossplain-Clarno Complex

CdA Clarno-Bonilla Loams

CeB Clarno-Davison Loams

Tb Tetonka Silt Loam

Wo Worthing Silty Clay Loam



Example 
Landscape 

Units

BcE Betts Loam 15-40 % Slopes

Bo Bon Loam

Ca Chaska Loam Channeled

CcB Clarno Loam 3-6% Slopes

CdA Clarno-Bonilla Loams 0-3 % Slopes

EbC Ethan Loam 6-9 % Slopes

EcD Ethan-Betts loams, 9-15 % Slopes



SOIL CLASSIFICATIONSSOIL CLASSIFICATIONS

Soil TaxonomySoil Taxonomy
Hydric SoilsHydric Soils



SOIL TAXONOMYSOIL TAXONOMY
DifferentiaeDifferentiae

Higher Categories Higher Categories –– Most useful Most useful 
properties are:properties are:
-- Those that result from soil Those that result from soil 
genesisgenesis
-- or, that affect soil genesisor, that affect soil genesis
-- Those that are important to Those that are important to 
plant growthplant growth
Redoximorphic properties relate Redoximorphic properties relate 
to soil genesis and plant growthto soil genesis and plant growth
-- Are used at the Suborder, Great Are used at the Suborder, Great 
Group and Subgroup higher taxa Group and Subgroup higher taxa 
levels and the Soil Series levels and the Soil Series 

Photo by Jeff Vanuga, 2002 - VA



REDOXIMORPHIC FEATURESREDOXIMORPHIC FEATURES
Higher TaxaHigher Taxa

SuborderSuborder Great GroupGreat Group SubgroupSubgroup

AlbAlb AlbAlb AquicAquic

AquAqu AquAqu AericAeric

EndoEndo OxyaquicOxyaquic

EpiEpi

GlossGloss



AQUIC CONDITIONSAQUIC CONDITIONS

Periodic or continuous Periodic or continuous 
saturation or saturation or 
reductionreduction
Presence is indicated Presence is indicated 
by redoximorphic by redoximorphic 
featuresfeatures
Verified by measuring Verified by measuring 
saturation or saturation or 
reductionreduction

Photo – Soil Taxonomy, 1999



AQUIC CONDITIONSAQUIC CONDITIONS
ExceptionException

Artificial Drainage Artificial Drainage –– removal of free water removal of free water 
from soils with aquic conditionsfrom soils with aquic conditions
Artificial drained soils are included with Artificial drained soils are included with 
soils with aquic conditions in the keyssoils with aquic conditions in the keys
Implication Implication –– Soil Taxonomy is based on Soil Taxonomy is based on 
the genesis of the soil and tries to avoid the genesis of the soil and tries to avoid 
human disturbanceshuman disturbances
Exception also pertains to Hydric SoilsException also pertains to Hydric Soils



TYPES OF SATURATIONTYPES OF SATURATION

Endo Endo –– soil is saturated in all layerssoil is saturated in all layers
Epi Epi –– soil is saturated with water in one or soil is saturated with water in one or 
more layers within 200 cm of the mineral more layers within 200 cm of the mineral 
soil surface and also has one or more soil surface and also has one or more 
unsaturated zones with an upper unsaturated zones with an upper 
boundary above 200 cmboundary above 200 cm
Anthric Anthric –– aquic conditions in cultivated aquic conditions in cultivated 
soils that are flood irrigatedsoils that are flood irrigated



MEASURING REDOXIMPROHIC MEASURING REDOXIMPROHIC 
FEATURES vs. MORPHOLOGYFEATURES vs. MORPHOLOGY

MeasuringMeasuring
-- difficult to integrate difficult to integrate 
over timeover time
-- ExpensiveExpensive
-- Indicator dyes can Indicator dyes can 
give false positives

MorphologyMorphology
-- integrates over timeintegrates over time

-- relatively inexpensiverelatively inexpensive
-- Subjective Subjective –– requires requires 
experienced soil experienced soil 
scientist

give false positives
scientist



HYRIC SOILHYRIC SOIL

Is a soil that formed Is a soil that formed 
under conditions of under conditions of 
saturation, flooding or saturation, flooding or 
ponding long enough ponding long enough 
during the growing during the growing 
season to develop season to develop 
anaerobic conditions anaerobic conditions 
in the upper partin the upper part

Photo 2001 MI



HYDRIC SOIL CONCEPTHYDRIC SOIL CONCEPT

Support growth and regeneration of Support growth and regeneration of 
hydrophytic vegetationhydrophytic vegetation
Artificially wet (anthric) soils are Artificially wet (anthric) soils are 
considered hydricconsidered hydric
Artificially drained soils are considered Artificially drained soils are considered 
hydrichydric
Some soils have phases that may nonSome soils have phases that may non--
hydrichydric



HYDRIC SOIL CRITERIAHYDRIC SOIL CRITERIA
1.1.

All Histels except All Histels except 
Folistels and Histosols Folistels and Histosols 
except Folists, orexcept Folists, or



HYDRIC SOIL CRITERIAHYDRIC SOIL CRITERIA
2.a2.a

Soils in Aquic suborders, great Soils in Aquic suborders, great 
groups, or subgroups, Albolls groups, or subgroups, Albolls 
suborder, Historthels great suborder, Historthels great 
group, Historubels great group, group, Historubels great group, 
Pachic subgroups, or Cumulic Pachic subgroups, or Cumulic 
subgroups that are:subgroups that are:
a. Somewhat poorly drained and a. Somewhat poorly drained and 
a water table equal to 0.0 foot a water table equal to 0.0 foot 
(ft.) from the surface during the (ft.) from the surface during the 
growing season, orgrowing season, or

Photo- Soil Taxonomy, 1999



HYDRIC SOIL CRITERIAHYDRIC SOIL CRITERIA
2.b2.b

Poorly drained or very poorly drained and have either:Poorly drained or very poorly drained and have either:
i.  water table equal to 0.0 ft. during the growing season i.  water table equal to 0.0 ft. during the growing season 
if textures are coarse sand, sand, or fine sand in all if textures are coarse sand, sand, or fine sand in all 
layers within 20 inches (in.) or for other soilslayers within 20 inches (in.) or for other soils
ii.  water table at less than or equal to 0.5 ft from the ii.  water table at less than or equal to 0.5 ft from the 
surface during the growing season if permeability is surface during the growing season if permeability is 
equal to or greater than 6.0 in/h in all layers within 20 equal to or greater than 6.0 in/h in all layers within 20 
in, orin, or
iii.  water table at less that or equal to 1.0 ft from the iii.  water table at less that or equal to 1.0 ft from the 
surface during the growing season if permeability is less surface during the growing season if permeability is less 
than 6.0 in/h in any layer within 20 in, orthan 6.0 in/h in any layer within 20 in, or



HYDRIC SOIL CRITERIAHYDRIC SOIL CRITERIA
3 and 43 and 4

Soils that are frequently Soils that are frequently 
ponded for long duration ponded for long duration 
or very long duration or very long duration 
during the growing during the growing 
season, orseason, or
Soils that are frequently Soils that are frequently 
flooded for long duration flooded for long duration 
or very long duration or very long duration 
during the growing during the growing 
season.season.

Photo by Lynn Betts, 1999 IA



FIELD INDICATORS OF HYDRIC FIELD INDICATORS OF HYDRIC 
SOILSSOILS

Guide to help identify Guide to help identify 
and delineate hydric and delineate hydric 
soils in the fieldsoils in the field
Do not replace criteriaDo not replace criteria
Largely based on Largely based on 
presence of presence of 
redoximorphic redoximorphic 
featuresfeatures



SOIL INTERPRETATIONSSOIL INTERPRETATIONS

Soil PropertiesSoil Properties
-- Particle sizeParticle size
-- Soil Moisture Status (water table)Soil Moisture Status (water table)
-- FloodingFlooding
Soil QualitiesSoil Qualities
-- Natural DrainageNatural Drainage
-- Frost ActionFrost Action



SOIL MOISTURE STATUSSOIL MOISTURE STATUS
Water State ClassesWater State Classes

Water State ClassWater State Class DefinitionDefinition

DryDry >= 15 bar suction>= 15 bar suction

MoistMoist <15 Bar to >=0.00001 <15 Bar to >=0.00001 
barbar

WetWet < 0.00001 bar; free < 0.00001 bar; free 
water present (satiated)water present (satiated)

National Soil Survey Handbook, 2003



SOIL MOISTURE STATE BY MONTH AND DEPTH
Udic Mesic
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NATURAL DRAINAGENATURAL DRAINAGE

ClassesClasses

ExcessivelyExcessively
Somewhat Somewhat 
ExcessivelyExcessively
Well Well 
Moderately WellModerately Well
Somewhat Somewhat 
PoorlyPoorly
PoorlyPoorly
Very PoorlyVery Poorly

Based on:Based on:

Hydraulic ConductivityHydraulic Conductivity
Frequency and duration Frequency and duration 
of wetnessof wetness
Depth of wetnessDepth of wetness
Relationship to plant Relationship to plant 
growthgrowth



SOIL QUALITIESSOIL QUALITIES

Corrosion of Uncoated SteelCorrosion of Uncoated Steel
-- Ratings based on natural drainage Class and Ratings based on natural drainage Class and 
stratification of parent materialstratification of parent material

Potential Frost ActionPotential Frost Action
-- Ratings based on Soil Moisture Regime and Ratings based on Soil Moisture Regime and 
Particle Size ClassParticle Size Class



SOIL INTERPRETATIONSSOIL INTERPRETATIONS
ExamplesExamples

Building SitesBuilding Sites
Construction MaterialConstruction Material
Recreational Recreational 
DevelopmentDevelopment
Sanitary FacilitiesSanitary Facilities
Waste ManagementWaste Management
Wildlife HabitatWildlife Habitat
Agronomic

Soils are rated as to Soils are rated as to 
limitations or limitations or 
suitability for specific suitability for specific 
land usesland uses
Based on restrictive Based on restrictive 
featuresfeatures

Agronomic



INTERPRETATIONS GUIDEINTERPRETATIONS GUIDE
LIMITSLIMITS

RESTRICTIVERESTRICTIVE
PROPERTYPROPERTY SLIGHTSLIGHT MODERATEMODERATE SEVERESEVERE FEATUREFEATURE

1.USDA TEXTURE1.USDA TEXTURE ------ ------ ICEICE PERMAFROSTPERMAFROST

2.2. TOTAL SUBSIDENCETOTAL SUBSIDENCE ------ ------ >24>24 SUBSIDESSUBSIDES
(IN)(IN)

3.3. FLOODINGFLOODING NONENONE RARERARE FREQ,FREQ, FLOODINGFLOODING
OCCASOCCAS

4.4. DEPTH TO BEDROCKDEPTH TO BEDROCK >72>72 4040--7272 <40<40 EPTH TO ROCKEPTH TO ROCK
(IN)(IN)

5.5. DEPTH TO CEMENTEDDEPTH TO CEMENTED >72>72 4040--7272 <40<40 CEMENTED PANCEMENTED PAN
PAN (IN)PAN (IN)

6.PONDING6.PONDING ------ ------ ++ PONDINGPONDING

7.7. DEPTH TO HIGHDEPTH TO HIGH >6>6 44--66 <4<4 WETNESSWETNESS
WATER TABLE (FT)WATER TABLE (FT)

8.8. PERMEABILITYPERMEABILITY 2.02.0--6.06.0 0.60.6--2.02.0 <0.6<0.6 PERCSPERCS
(24(24--60", IN/H)60", IN/H) SLOWLYSLOWLY

8a.8a. PERMEABILITYPERMEABILITY ------ ------ >6.0>6.0 POORPOOR
(24(24--60", IN/H)60", IN/H) FILTERFILTER

9.9. SLOPE (PCT)SLOPE (PCT) <8<8 88--1515 >15>15 SLOPESLOPE

10.10. WEIGHT PERCENTWEIGHT PERCENT <25<25 2525--5050 >50>50 LARGE STONESLARGE STONES
>3" (WEIGHTED >3" (WEIGHTED 
AV. TO 40")AV. TO 40")



RESTRICTIVE FEATURESRESTRICTIVE FEATURES
Related to Redoximorphic FeaturesRelated to Redoximorphic Features

FloodingFlooding
Frost ActionFrost Action
PondingPonding
Shallow to WaterShallow to Water
WetnessWetness

Photo by Bob Nichols, 2000 NE



EXAMPLE INTERPRETATIONSEXAMPLE INTERPRETATIONS
Dwellings with BasementsDwellings with Basements

SevereSevere
-- depth to water table < 2.5 ft (Wetness)depth to water table < 2.5 ft (Wetness)
-- flooding (Flooding)flooding (Flooding)
-- ponding (Ponding)ponding (Ponding)



EXAMPLE INTERPRETATIONSEXAMPLE INTERPRETATIONS
Septic Tank Absorption FieldsSeptic Tank Absorption Fields

SevereSevere
-- occasional flooding (Flooding)occasional flooding (Flooding)
-- ponding (Ponding)ponding (Ponding)
-- water table < 4 ft ( Wetness)water table < 4 ft ( Wetness)
ModerateModerate
-- rare Flooding (Flooding)rare Flooding (Flooding)
-- water table 4water table 4--6 ft.  (Wetness)6 ft.  (Wetness)



SOIL INTERPRETATIONSSOIL INTERPRETATIONS
Prime FarmlandsPrime Farmlands

Soils that either have no water table or Soils that either have no water table or 
have a water table that is maintained at a have a water table that is maintained at a 
sufficient depth during the cropping sufficient depth during the cropping 
season to allow cultivated crops common season to allow cultivated crops common 
to the area to be grownto the area to be grown
Soils that are not flooded frequently Soils that are not flooded frequently 
during the growing seasonduring the growing season



SOIL INTERPRETATIONSSOIL INTERPRETATIONS
Land Capability ClassificationLand Capability Classification

Capability Classes (ICapability Classes (I--
VIII)VIII)
Capability subclasses Capability subclasses 
e e –– erosion and runofferosion and runoff
w w –– excess waterexcess water
s s –– rootroot--zone zone 
limitationslimitations
c c –– climatic limitationsclimatic limitations

w w –– excess waterexcess water
Poor drainagePoor drainage
High water tableHigh water table
overflowoverflow



SUMMARYSUMMARY

Soil Survey is a FieldSoil Survey is a Field--
Based ActivityBased Activity
-- Reading the Reading the 
LandscapeLandscape
-- MorphologyMorphology
-- Landscape Landscape 
RelationshipsRelationships
-- Factors of Soil Factors of Soil 
FormationFormation

Photo By Lynn Betts, 1999, Iowa



SUMMARYSUMMARY
Use of Redoximorphic FeaturesUse of Redoximorphic Features

Development of the Development of the 
Landscape model for Landscape model for 
mappingmapping
Soil Taxonomy Soil Taxonomy ––
Suborder, Great Suborder, Great 
Group, SubgroupGroup, Subgroup
Hydric Soils Hydric Soils –– field field 
indicatorsindicators
Soil InterpretationsSoil Interpretations
Soil qualitiesSoil qualities
Land use limitationsLand use limitationsPhoto by Tim McCabe, 1999, Iowa



OPEN DISCUSSIONOPEN DISCUSSION

QuestionsQuestions
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