
OJT Training Module Cover Sheet 
Title: 007 Understand the processes of mapping soils. 
 

Type:         X  Skill        Knowledge 
• Performance Objective: Trainee will be able to Know and understand types of 

soil variability. 
• Know and understand scales of soil variability. 
• Understand the goal of mapping soils (e.g., mapping soil variability), and how to 

achieve that goal (tasks). 
• Map the soils in a small assigned area meeting standards set by the trainer 

Trainer Preparation: 
• Trainer should be familiar with the assigned reading/review material in the lesson 

plan that follows. 
• Have one or more block diagrams or other landscape representations of your 

survey area available 
Special Requirements: 
Initiate an external learning request with a SF-182 in Aglearn for this activity. Instructions 
and a template are located on the training webpages for OJT modules. 

Prerequisite Modules: 
• 005 How to differentiate between scales and orders of mapping in soil survey. 
• 006 Know what environmental issues exist-how to deal with emergencies. 

Notes: 
None 

Authors: 
Samuel J. Indorante 
 

Approved by: 
Marc Crouch 
Craig Ditzler 

 
  



The Five Step OJT Cycle for Procedural Training 
(Skill) 
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                        Trainer coaches as 
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 OJT Module Lesson 
Title:   007 Understand the processes of mapping soils. 
WHAT WHY, WHEN, WHERE, HOW, SAFETY, QUALITY 

Cycle step 1 

Discuss the objectives of the module and the why-
when-where-how of getting it done, and any safety 
concerns in your survey area. 
 
Open the attached Understanding the processes 
of mapping soils.pdf. Review and use it as a guide 
for this training.  
 
Other attachments to this module are referenced 
and used within the pdf. 

Cycle step 2 
Demonstrate the process of mapping following the 
the ppt process. 

Cycle step 3 
Follow the practical exercises outlined on slides #43 
and 44 of the ppt. 

Cycle step 4 

Assign a section or equivalent size area (500-1000 
acres) and have trainee complete an initial soil map. 
Trainer decides whether to be present or not at this 
stage. 

Cycle step 5  

See the Module Lesson Measurement of Learning 
that follows. Return to the assigned area to look at 
mapping. Discuss what you see and provide tips to 
help the trainee out if needed. 

 



OJT Module Lesson Measurement of Learning 
Title:   007 Understand the processes of mapping soils. 

WHAT WHY, WHEN, WHERE, HOW, SAFETY, QUALITY 

Complete Quiz (attached below)  

Assign mapping 

Assign more extensive area to be mapped. Have 
trainee work on the area without supervision until 
ready to have it reviewed. Complete a Quality 
Control review and provide appropriate feedback. 

 
 
 
 

SF-182 
 
Trainee and/or supervisor access Aglearn to verify completion of the module via its 
SF-182. 
 



Quiz 
 
  
1) What is the primary goal of making a soil map? 

 
 

2) Name the three kinds of soil variability? 
 
 

3) Soil Survey focuses on mapping and understanding primarily which type of soil 
variability? 

 
 

4) Soil scientists are concerned primarily with mapping soil variability at what scale? 
 
 

5) Explain how a “Hole Mapper”  makes a soil map? 
 
 

6) Define a soil landscape unit? 
 
 

7) Why are soil landscape units critical to creating a soil map? 
 
 

8) Soils are: a) pedons  b) landscapes c) profiles  d) landscapes as well as profiles 
 
 

9) List these from smallest to largest: landform component, landscape, landform. 
 
 

10) Summarize the 4 key concepts in making a soil map. 
 
 

11) You have been just been dropped off at a randomly selected MLRA Soil Survey 
Office.  Your first job is to make a soil map of a section of land.  Outline the steps 
you would take to develop a soil map from scratch?  Take special note of the 
information you will be collecting (office work) and the fieldwork you will be doing 
to create the map. 
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Quiz 
 
1) What is the primary goal of making a soil map? 


 
To observe and map geographic patterns of soils by grouping soils 
with similar genesis and by separating soils where there is a 
change in one or more of the soil-forming factors. 


 
2) Name the three kinds of soil variability? 


 
Spatial, temporal, and taxonomic 


 
3) Soil Survey focuses on mapping and understanding primarily which type 


of soil variability? 
 


Spatial 
 


4) Soil scientists are concerned primarily with mapping soil variability at what 
scale? 


 
Landscape and Landform 


 
5) Explain how a “Hole Mapper” makes a soil map? 


 
A soil surveyor digs a hole and tentatively identifies the soil (series); 
he then digs another hole and compares its profile to the first soil.  
Then if he believes that the second pedon is outside the definitive 
limits of the first soil, he draws a boundary between the two holes 
without regard to the soil landscape. 


 
6) Define a soil landscape unit? 


 
Can be thought of as a landscape unit (landscape, landform, or 
landform component) further modified by one or more of the soil-
forming factors.  Within a soil landscape unit, the five factors of soil 
formation interact in a distinctive manner. 


 
7) Why are soil landscape units critical to creating a soil map? 


 
Areas of a soil-landscape unit have a relatively homogeneous soil 
pattern.  A soil surveyor perceives soil patterns by first conceptually 
dividing the landscape into soil landscape units.  The boundaries 
between dissimilar landscape units are placed where one or more 
of the soil-forming factors change within a short lateral distance.  
Soil-landcape units are the basis for creating a soil map. 







  







8) Soils are: a) pedons  b) landscapes c) profiles  d) landscapes as well as 
profiles 


 
d) landscapes as well as profiles 


 
9) List these from smallest to largest: landform component, landscape, 


landform. 
 


Landscape, landform, landform component. 
 


10) Summarize the four key concepts in making a soil map. 
 


1. In mapping soils at any scale, it is  necessary to assume that 
there is a pattern of order in the spatial distribution of soil 
characteristics. 
 
2. The soil genesis model, which defines soil as a function of parent 
material, climate, living organisms, relief, and time, provides a basis 
(model) for predicting order. 
 
3. A soil surveyor quickly learns that the geographic pattern of soils 
is related to the five soil-forming factors. 
 
4. A soil surveyor observes and maps a geographic pattern of soils 
by grouping soils with similar genesis and by separating soils where 
there is a change in one or more of the soil-forming factors. 


 
11) You have been just been dropped off at a randomly selected MLRA Soil 


Survey Office (or you can choose your present office).  Your first job is to 
make a soil map of a section of land.  Outline the steps you would take to 
develop a soil map from scratch?  Take special note of the information you 
will be collecting (homework) and the fieldwork you will be doing to create 
the map. 


 
Outline of  procedure is presented in (“A Pedological Tale).  Details 
are presented in Hudson (1990).  Answer should be customized for 
the area selected. 


 





		Quiz






Concepts of Soil Mapping and Interpretation 
 


Berman D.  Hudson, USDA-SCS, Lincoln, NE 
                        


SOIL SURVEY HORIZONS - FALL 1990 - pgs. 63 to 72 
 


Soil scientists classify and delineate bodies of soil on the landscape by directly examining < 1% of the soil below 
the surface.  Those who have never mapped soils or who have had limited experience in the field do not under- 
stand how this can be done.  Furthermore, we who specialize in mapping and interpreting soils do a poor job of 
explaining how and why the process works.  When critics question the validity of the soil mapping process 
because of the small sample directly observed, we do not have a meaningful rebuttal.  Our practical experience 
has convinced us that soil maps are reliable and provide valid interpretations.  However, we have failed to describe 
a comprehensive conceptual model to explain how soils are mapped and interpreted.   


This failure has created a crisis of confidence within the soil survey itself.  Many in the soil survey are beginning to 
have doubts about our product.  The numerous discussions and papers concerning the spatial variability of soils 
and the search for elaborate statistical procedures to characterize map unit variability are symptoms of a serious 
problem.  Some in the National Cooperative Soil Survey (NCSS) have lost confidence in the reliability of our maps.   


This paper discusses the historical reasons for this crisis of confidence.  Specifically, the concepts or models we 
have developed to guide soil mapping and interpretation will be outlined.  The following questions will be 
addressed: How did these concepts originate? Are they logical? Have these concepts contributed to our current 
problems? I will try to clarify some of the assumptions that have guided both soil mapping and soil interpretation.  
The mapping of soils and the interpretation of soils will be discussed separately.   


     Soil Mapping 
“Even though soils form a continuum on the landscape, the objective of a soil survey is to break this continuum into 
a reasonable number of segments or units.”  This quote from Miller et al. (1980) expresses the generally accepted 
concept that soils form a continuum on the landscape.  In order to break this soil continuum up into meaningful 
delineations, the mapper must have a basic concept of soil geography.  That is, the soil scientist must have some 
model to explain how different kinds of soils are distributed on the landscape.   


Two major concepts have been used to make sense out of soil variability on the landscape.  One is the soil factor 
equation, outlined by Dokuchaev (Glinka, 1927) and Hilgard ( 1906).  This well known model identifies the five 
factors of soil formation.  This model implies that, by watching for changes in one or more of these factors as the 
landscape is crossed, one can predict where changes in the soil continuum are likely to occur.  Since its 
introduction near the end of the 19th century, this concept has served as a general model affirming that soils 
theoretically can be mapped.   


Another concept applied to soil mapping could be called the plant ecology model or, more appropriately, the plant 
ecology analogy.  This idea involves drawing parallels between soils and plants.  Plant ecologists consider 
individual plants and natural bodies or groupings of plants on the landscape.  Similarly, soil scientists have tried to 
conceptualize soil individuals and natural groupings or bodies of soils on the landscape.  This influence is reflected 
in the terms borrowed from plant ecology to identify soil map units.  Plant ecologists used the term consociation to 
identify a climax plant community dominated by one species.  They used the term association to designate a 
climax plant community dominated by two or more species.  Soil scientists borrowed these terms and applied them 
to bodies of soil with approximately the same meanings, except they are referring to the dominance of a soil map 
unit by soil taxa.  A major reason for trying to draw this parallel was to lend credence to the idea that soils are 
organized, natural bodies on the landscape.   


The problem with these two concepts is that they are very general and largely descriptive.  It has been pointed out 
that less than 99 percent of the soil delineated by the field mapper is not observed below the ground surface.  
These models do not explain how it is possible to map something as variable as soil with so little ground truth.  
They do not explain how the soil within delineations can be identified consistently from only a few observations.  
Furthermore, they do not explain how accurate and precise boundaries can be drawn between soil delineations.   


A better model clearly is needed.  Fortunately, it already exists.  However, it is present only in the minds of 
intelligent, perceptive soil mappers.  The soil-landscape model is used daily by good field soil scientists.  However, 
few of them can describe a generalized soil-landscape model to anyone else.  This is because they arrived at it 
only tacitly and intuitively.  They have internalized the concepts gradually by walking and observing soils, and 
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landscapes day after day for many years.  As far as I know, no one has tried to organize and write down the 
concepts used by the most astute field scientists in map- ping soils.  With much trepidation, I will try to do this.   


    The Soil-Landscape Model 
Understanding the soil-landscape model requires one to break faith with a long held tenet of soil science.  That is 
the idea that soil is a continuum on the landscape.  The word continuum is derived from the Latin continuus, 
meaning uninterrupted.  However, the soil cover is interrupted frequently by nonsoil areas such as rock and water.  
Even within soil areas, the continuum is marked by frequent, often abrupt discontinuities.  It is these fortuitous 
discontinuities that make soil maps possible at a reasonable cost.  With this idea in mind, the major concepts of 
the soil-landscape model are presented.   


1. Soil-landscape units are natural terrains resulting from the same five factors conventionally cited in 
the functional equation for soil formation.  A soil-landscape unit has a recognizable form and 
shape on the surface of the earth.  A soil-landscape unit is similar to a landform, but is more 
narrowly defined.  For example, two areas could be designated as slopes and, thus, would be the 
same landform.  However, the soil on a south-facing slope might be drastically different from the 
soil on a north-facing slope.  Therefore, at least two soil-landscape units would be recognized on 
this landform.  A soil-landscape unit can be thought of as a landform further modified by one or 
more of the soil forming factors.  See Hawley and Parsons (1980) for a comprehensive definition 
of the term landform.   


2. Soil-landscape units have a predictable spatial relationship to one another.  For example, one kind 
will always be located below another, etc.  


3. In a given soil survey area, there are relatively few soil-landscape units.  These few are replicated 
again and again.   


4. Generally, the more different two adjacent soil-landscape units are, the more abrupt and striking 
the discontinuity separating them.  An example is the boundary between a steep side slope and 
an alluvial flat at its base.  Conversely, the more nearly alike two adjacent soil-landscape units are, 
the less striking the discontinuity separating them.   


5.  The boundaries between distinct soil-landscape units can be observed and mapped as 
discontinuities on the earth’s surface.  As a result, they can be delineated accurately by trained 
mappers. 


6. A distinctive, relatively homogenous soil cover develops on each soil- landscape unit.  Two 
distinctively different soil-landscape units typically sup- port soil covers that are significantly 
different from each other in appearance and behavior.  The more stable the landscapes, the 
higher the covariance between soil and landscape unit.  Once the soil-landscape relationships are 
determined in an area, the soil cover can be inferred by examining the landscape.  Soil is 
examined directly only as needed to validate this relationship. 


7. Since the boundaries between distinctly different landscape units tend to be abrupt and prominent, 
the boundaries between their associated soils tend to be abrupt and prominent. 


8. As a result of no.6 and 7 previously, adjacent soils that are distinctly different will tend to be on 
distinctly different landscape units separated .by abrupt discontinuities.  As a general rule, the 
more different two adjacent soils are, the easier it is to locate the boundary between them 
accurately and precisely.  This is a fortuitous relationship.  Because of it, adjacent soils that differ 
markedly in appearance and behavior tend to be separated in map- ping with precision and 
accuracy.   


9. Within a given soil-landscape unit, soil variation, at the human scale of perception, is mostly cyclic.  
Adjacent soils tend to be similar and the boundaries between them tend to be indistinct and 
gradational.  Soils within the same landscape unit normally cannot be separated with precision.   


 


Summary 
Soil mapping is possible because of observable discontinuities between landscape units and the strong covariance 
between landscape units and soils.These relationships make it possible to accurately delineate bodies of soil with 
limited observations.   


             
             A small percentage of the time one encounters adjacent soils that differ markedly in behavior due: to someproperty 


not reflected in the landscape.  These rare situations require special procedures.  However, in most cases, 
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extreme difficulty in delineating soils is a result of poor survey design.  For example, attempts are sometimes made 
to separate soils having only a minor difference in subsoil color.  The covariance between this kind of difference 
and landscape units is very low.  As a result, the mapping is frustrating and he product is poor. 


   
The validity of the soil-landscape model assures that soil boundaries can be located accurately and precisely.  The 
model explains how this can be done using affordable field procedures.  It provides a strong theoretical basis for 
he way we map soils.  Assuming that soil boundaries can be located accurately, we still have the following 
important question to consider: Are the soil bodies we draw lines around uniform enough that we can make 
reasonable interpretations?  This issue is addressed in the next section.   


     Interpretation of Soils 
Statements such as the following (Miller et al., 1980) are made frequently concerning soil maps.   


...The user should be aware of how soil landscapes are sampled by the soil scientist and how inferences 
derived from such observations are extrapolated to produce the delineations that result in the map.  The 
user should also be aware of the composition of the map units with respect to inclusions, the relationship 
of taxonomic heterogeneity to interpretive accuracy, the different degrees of variability of soil properties, 
and the confidence limits of the statements that can be made about the behavior of the soil map units it 
delineates. 


Many soil scientists totally agree with such statements.  They believe that there are so many inclusions in soil map 
units that they cannot be interpreted unambiguously.  They maintain that to properly interpret a map unit, one must 
identify and characterize inclusions, explain variation in the map unit, and convey all of this information to the user.  
Furthermore, if the statements above are any indication, the user must have an extremely high level of technical 
knowledge.  Otherwise, the user cannot understand the spatial variability within map units, the relationship of 
taxonomic heterogeneity to interpretive accuracy, etc.  The fact that statements such as this are being written by 
so many is a sad commentary on the soil survey.  It indicates a loss of confidence in our product.   


There is a growing feeling that something is fundamentally wrong with soil maps and no one can figure out how to 
fix it.  One symptom of this problem is the obsession with variability in map units. Recently, no technical meeting 
has been complete without a discussion of transects and new computer programs to calculate statistics.  There is 
unending discussion of how information about map unit variability can be presented in soil survey reports.Over the 
last decade, numerous work groups and committees have been formed to examine the problem of map 
unit variability and inclusions.  Despite all of this discussion, no real progress has been made.  We are still 
having the same arguments and discussions that were going on 15 years ago.   


Much of the concern about and obsession with the variability in map units is unfounded.  This perceived 
problem results largely from using a poor conceptual model to explain how we interpret map units.  The problem is 
not what we do to interpret map units.  The problem is how we think about what we do.  In order to develop this 
argument it is necessary to consider the concepts we have chosen to use in interpreting soils.  The development of 
these concepts and how they have contributed to our present dilemma will be discussed.   


Historical Perspective 
One cannot deny the fact that there is variability among pedons making up a soil map unit.  In that respect, map 
units are no different from any other natural population.  However, the way soil scientists chose to view the 
variability of map units was atypical.  Originally, they vastly underestimated the natural variability of the pedon 
population in soil map units.  Because of this, they chose an unlikely statistic to characterize them.  Early in the soil 
survey the decision was made to use the mode to make inferences about the population of pedons in a soil map 
unit.  To do this, the class of soil found to occur most frequently in the map unit was determined.  A modal pedon, 
selected to represent this class, then used to mane the map unit and as a basis for interpreting it. 


The mode was chosen to name and interpret map units because of early assumption about map unit variability.  At 
the time it seemed to be an extremely logical decision.  Map units were assumed to be very homogeneous.  It was 
thought that the modal soil would make up 80 to 90 percent or more of the map unit.  With these assumptions, 
using the modal class to represent the map unit made perfect sense. 


However, it soon became apparent that soil map units were not as homogeneous originally assumed.  Soil 
scientists had to face the following embarrassing fact: What was designated as the modal class of soil for a map 
unit typically made up a relatively small part of the map unit area.  Over the years, a number of things were done in 
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attempts to cope with or explain away the deficiency. 


One approach taken was to increase the percentage of inclusions permitted in a soil map unit.  For example, the 
Soil Survey Manual (Soil Survey Staff, 1951) allowed up to 15 percent inclusions in a map unit named for one soil.  
By 1967, Soils Memo 66 allowed up to 50 percent similar inclusions in a map unit. 


In addition to increasing the allowable inclusions in map units, a number of qualifying phrases were coined to help 
identify and explain such inclusions.  For example, phrases such as limiting and non-limiting inclusions and similar 
and dissimilar soils came into common usage.  During this period a number of formal studies reinforced the 
growing perception that soil map units had inclusions of unknown magnitude (McCornack and Wilding, 1969; 
Amos and Whiteside, 1975; Powell and Springer, 1965; Wilding et al., 1965; Campbell, 1978).  The need to 
quantify map unit variation was stressed.  Although they did a good job of pointing out the problem, none of these 
studies offered a good solution.  The increasing realization that map units were being named and interpreted 
based on a modal class that often made up only a small part of the map unit area led to the development of 
another concept.  This idea, invalid in my view, can be called the Taxonomic Unit-Map Unit Duality.  It asserts that 
taxonomic units are pure concepts, whereas soil map units are real.  This duality was created in an attempt to 
disassociate the concepts of map units and taxonomic units.   


If one thing is considered real, while the other is deemed conceptual, then the lack of correspondence between 
them can be dismissed.  Whether map units and taxonomic units are considered real depends upon one’s 
assumptions, i.e., how the two things are defined and what in those definitions is considered acceptable evidence 
of reality.  I believe this supposed dichotomy between taxonomic units and map units was accepted without rigid 
philosophical scrutiny because the perceived need to put some instance between them was so great.   


Despite steps taken to increase the percentage of allowable inclusions, to create the map unit-taxonomic unit 
duality, and the use of new terms to describe inclusions, no real progress has been made in resolving this 
problem.  We still do not know how to deal with variability in soil map units.  We are still setting up committees and 
working groups, and publishing studies, all to no avail.  


 
The latest proposed solution is elaborate statistics coupled with computer analysis.  The thinking is thus: If we take 
enough transect data and analyze it properly, we can account for and explain the variability in map units.  This 
statistical information (means, standard deviations, confidence intervals, etc.) will be presented to users along with 
the maps.  The user will evaluate the statistics, thereby determining the level of confidence he can place in each 
map unit.  Then he can proceed to use the soil survey report properly, i.e., understanding all of our caveats and 
disclaimers.   


Field Perspective 
If variation within map units is such a problem, it should be affecting the use of soil maps in the field.  Most users of 
soil maps are totally oblivious to all of our concerns about such things as map unit purity, dissimilar inclusions and 
spatial variability.  In fact, nearly all users do exactly what so many are afraid they will do.  Being unaware of the 
uncertainties about inclusions and map unit variability, they assume that map units are largely homogeneous.  
Furthermore that a map unit is mostly made up of the soil used to name it.  Therefore, they see no problem in 
using interpretations for this named soil to make decisions concerning the map unit.   


Surprisingly, this process has worked well.  Planners, sanitarians, real estate appraisers, tax officials; all of these 
and others have used soil maps and interpretations at face value for many years with few problems.  Having 
worked in two rapidly developing areas of the country, I can speak from personal experience.  In North Carolina 
and Maryland soil maps were relied upon heavily to make decisions about street location, suitability for onsite 
sewage disposal, wetland determinations, crop insurance, and many other uses.  During more than ten years in 
the field, I know of no cases in which relying on a soils map resulted in a bad decision.  In fact, after people had 
used soil maps and became familiar with them, they were convinced of their reliability.  I recently queried several 
soil scientists who have spent many years in the field interpreting soil maps.  Their experience was similar to mine; 
they found that soil maps performed very well, even for very specific interpretations.  With all of the inclusions and 
variability we maintain in soil map units, how is this possible?  Considering these theoretical problems, soil maps 
should not work nearly as well as they do.   


In order to explain why soil maps function well in practice despite theoretical shortcomings, it is necessary to 
present a model or, more correctly, a paradigm for map unit interpretation.  This model is really just an accounting 
of what we actually have been doing for many years.   
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Model for Interpreting Soil Map Units 
For purposes of illustration, this model assumes the simplest case, a stable landscape and relatively uniform 
parent material.  This simplest case actually is very common in the USA.  The main points of a functional model for 
interpreting soil map units follow.   


1. Stable soil-landscape units in relatively uniform parent material have a uniform soil cover.   
a) Within the soil-landscape unit, most of the soils do not differ greatly in depth, texture, drainage and other 


important properties.   
b) No general statements can be made about taxonomic purity, because some soils that are very similar 


physically and chemically can be far apart in Soil Taxonomy.   
c) However, many soil-landscapes are dominated by similar series or similar soil families.  Most of the soil 


variation, at the scale of human observation, is continuous and cyclic over the landscape unit.  This 
dominant area, or dominant population of pedons, typically covers 90 percent or more of the landscape 
unit.   


2. Interpretations for a soil map unit can be based on the mean soil condition of the dominant pedon population in 
the soil landscape unit.  Using transects or other methods, the soil that represents the average condition in 
the dominant pedon population with respect to depth, texture, drainage, and other important properties is 
selected.  This pedon is used to name the map unit and interpret it.  Variation in the dominant pedon 
population is mostly cyclic over the soil-landscape unit.  Therefore, the mean pedon, which averages out 
cyclic, short distance variability within a map unit, is a good predictor of how an area of soil will behave.   


3. There often is a small component of the soil-landscape unit, typically < 10%, containing soils significantly 
different from the dominant population.  An example is small intermittent wet spots scattered throughout a 
landscape unit dominated by well drained soil.  Such irregularities are common in many map units.  The user 
can be informed about the possibility of encountering small areas of very dissimilar soils.   


Comparison of Mode and Mean to Interpret Map Units 
The statistic one uses to make inferences about the pedon population in a map unit depends upon how one views 
soil variability within map units.  The widely held modal concept assumes that individual soils occur as discrete, 
identifiable areas within the map unit.  Therefore, the soil chosen to name and interpret the map unit is the one that 
covers the largest area in the map unit.  However, any modal soil chosen, unless defined very broadly, will 
make up only a small part of the map unit area.  Therefore, one feels compelled to account for and explain the 
variability of all of the non-modal pedons.  Furthermore, thinking about all of those unexplained, non-modal 
inclusions has cast serious doubts on the reliability of the soil maps.   


Despite the perceived problems with variability and inclusions, those using soil maps have found that they work 
very well.  The problem is not what we are doing.  The problem is how we think about what we are doing.  
The modal concept is based on a questionable assumption about the spatial variation of soils in a map unit.  In 
contrast to the widely held modal concept, the approach outlined above asserts that most variation within a soil 
delineation, at the human scale of perception, is continuous and cyclic.  This variation tends to occur randomly 
over small distances within delineations.   


Soil maps have worked well despite all of the theoretical reasons they should not for the following reasons.  In 
most cases, when the modal pedon has been selected, the mean pedon also was selected by default, because the 
mean tends to fall within the modal class.  The mean pedon is one which, over a typical decision-making area of a 
map unit, represents the average, or mean soil condition.  As mentioned before, this mean soil condition tends to 
average out cyclic, short distance variability within a map unit, and is a good predictor of how an area of soil will 
behave.  Therefore, using the modal soil to name and interpret map units has not caused problems in 
interpretation.   


However, thinking about doing it has caused severe problems.  Trying to cope with the theoretical problems 
inherent in using the mode to make interpretations about a population has caused great inefficiency.  There has 
been a perceived need to totally characterize map unit variability and account for non-modal inclusions only 
because we have been trying to make an unsuitable concept work.  The obsession with map unit variability and all 
of the concern about inclusions and taxonomic purity are the result of conceptual, not technical deficiencies.  The 
use of the mode to interpret map units has made variability the major issue in interpreting soils.   


We have been operating with faulty concepts.  In order to make proper inferences about the pedon populations of 
map units, a statistic that averages out cyclic variation and estimates the mean soil condition of the dominant 
pedon population is required.  Interpretations are made for areas of land.  They should not be unduly controlled by 
pedon-to-pedon variation within delineations.   
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Using the mean soil condition of the dominant pedon population to interpret map units does not require that we do 
anything drastically different.  It simply requires that we bring the theory of interpreting map units into line with 
practice.  Basing interpretations on the average soil condition assumes that pedon populations of map units vary, 
just as in any population.  However, the model rejects the idea that pedon-to-pedon variation can be assimilated, 
understood and used in making decisions about areas of land.  Land use and management are based on the 
average soil condition in a decision-making area.  This model is consistent with the way soil maps are interpreted 
in the field. 


 
Recognizing that interpretations are based on the average condition the dominant population in a map unit has 
one more advantage.  Interpretations are no longer viewed as being based on a modal group of soils within the 
map unit.  Therefore, one is not forever trying to quantify and justify a large percentage of non-modal inclusions.   


Early soil mappers recognized, as we do, that most map units are dominated by large bodies of relatively uniform 
soil.  They found, through experience, that this body of soil could be used to characterize and interpret the map 
unit.  However, they assumed that it was sufficiently homogeneous to be represented by a modal class of soil.  
When discussing the dominant pedon population, I am referring to this same dominant body of soil.  However, 
although this body of soil is uniform enough to interpret well, it has too much short distance cyclic variabilities to 
represent a reasonable modal class.  Therefore, the mean soil condition should be used to characterize this body 
of soil - and to name and interpret the map Unit.   


Researchers must continue to study soil geography including the nature of variation in soil delineations and the 
relationships between taxonomic units and map units.  However, such issues will not significantly affect the way in 
which most soil maps are made and interpreted.  Therefore, field soil scientists need not be overly concerned with 
them.  Many soil scientists struggle with such issues as similar inclusions and soil variability in attempts to over-
come conceptual, not operational problems.  They hope that by extensively documenting map unit inclusions and 
taxonomic variability they somehow can make an invalid concept work.  However, such efforts will be in vain.  
Using the modal class of soil to interpret map units will continue to create conceptual dilemmas that cannot be 
resolved.   
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DIVISION S-5-SOIL GENESIS, MORPHOLOGY
& CLASSIFICATION


The Soil Survey as Paradigm-based Science
Herman D. Hudson*


ABSTRACT
Thomas S. Kuhn developed the paradigm theory of science. The


soil survey is an example of paradigm-based science. The soil-land-
scape model, on which the soil survey is based, is an operative par-
adigm. An extreme reliance on tacit knowledge, the knowledge gained
by experience, creates serious inefficiencies, both in learning the soil-
landscape paradigm and in disseminating the information resulting
from its application. This article introduces concepts important to
understanding paradigm theory and the nature of tacit knowledge.
Among these are elements of Gestalt psychology, the theory of natural
families, maps as conveyors of knowledge, and the linguistic nature
of human perception. Students and field soil scientists should be pro-
vided explicit instruction concerning the paradigm on which soil map-
ping and interpretation are based. I also recommend that more of the
soil geographic relationships discovered while making detailed soil
maps be described and published so that the knowledge can be com-
municated to others.


THE TERM paradigm and the phrase paradigm shift
have been used with increasing frequency. These


words refer to ideas first put forth by physicist-phi-
losopher Thomas S. Kuhn (1962, 1970). The term
paradigm, as conceived by Kuhn, refers to a broad
explanatory concept that provides a foundation and
Structure for an entire field of scientific inquiry. Kuhn
proposed a new model for the way progress is made
in a scientific field, arguing that a guiding paradigm
is a prerequisite to significant progress. Kuhn's theory
of paradigm-based science was a radical challenge to
the conventional thinking of his time. Kuhn explained
his theory in exhaustive detail and supported it with
numerous examples from the physical sciences. The
following is only a brief summary of his work.


The former view of scientific progress assumed a
gradual, uninterrupted accumulation of knowledge and
understanding (Kuhn, 1970). Science was seen as a
slow, inexorable march forward, with each generation
adding marginally to the information it inherited and
then passing on the slightly larger total to the next
generation. Kuhn rejected this view. He argued that
science is not entirely a slow, methodical process.
Instead, Kuhn asserted, cumulative scientific progress
is interrupted periodically by episodes of intense con-
flict between supporters of competing paradigms.


Paradigms and human perception are intricately re-
lated. A paradigm determines, to a large extent, how
a scientist views the world. It often is necessary, how-
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ever, for a scientist to change the was he or she views
certain aspects of the world in order to learn a para-
digm. Since concepts relating to human perception are
so important to understanding paradigms, several per-
tinent topics from psychology and philosophy will be
introduced. These include the concepts of tacit knowl-
edge (Polanyi, 1966), natural families (Wittgenstein,
1976), gestalt shifts (Kohler, 1980), and Hanson's
(1969, p. 108 and 124-146) concepts of "seeing."
These topics are especially important in understanding
how Kuhn's paradigm theory can be applied to the
soil survey.


KUHN'S PARADIGM THEORY
Kuhn (1970) stated that a paradigm is based on "


... one or more past scientific achievements that some
particular scientific community acknowledges for a
time as supplying the foundation for its further prac-
tice." He went on to specify two essential character-
istics of a successful paradigm. First, the paradigm
should be capable of capturing the imagination of a
group of scientists and attracting them away from
competing modes of scientific activity. Second, it should
be nonspecific and open-ended enough to leave many
interesting problems for practitioners to solve.


Preparadigm Science
Kuhn asserted that, in the absence of a paradigm,


all facts that could pertain to an area of study are likely
to seem equally relevant. As a result, scientific prac-
tice tends to be a nearly random activity. Perhaps the
best-documented example (Kuhn, 1970; Shapiro, 1987)
of preparadigm science is that of the 19th century
physician Ignaz Semmelweis and his search for the
cause of childbed or puerperal fever. In the 19th cen-
tury, a large percentage of women in hospitals died
horribly of childbed fever — a massive infection fol-
lowing childbirth. Knowing nothing of the germ the-
ory of disease, Semmelweis was forced to rely on trial
and error. Aside from the contention that the illness
was caused by "cosmic-telluric" influences, medical
science of the day had no theories to offer. Among
other possible causes, Semmelweis assessed the psy-
chological effect of priests passing through the wards
to give last rites to dead patients and whether women
lay on their back or sides while giving birth. He even-
tually noted that patients attended by medical students
had a much higher mortality rate than those attended
by midwives. It was common practice in the hospital
for medical students to go to the wards and examine
women after a morning session conducting autopsies.
When a colleague died of symptoms similar to childbed
fever after sticking himself with a needle during an
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autopsy, Semmelweis saw a possible connection. Per-
haps students were transmitting some harmful sub-
stance from the cadavers to the women they examined.
To test this, he mandated that students clean their
hands thoroughly following autopsies. As a result the
incidence of childbed fever declined dramatically.
Semmelweis did not understand why his solution
worked. The explanation was provided by Pasteur,
with his germ theory of disease, which gave a reason
for doctors to be clean.


A less dramatic, but simpler, example of prepara-
digm science is the effort of medieval alchemists to
turn base metals into gold. These researchers operated
with no guiding paradigm — or one which was ex-
tremely simplistic. They knew nothing about the atomic
structure of matter and very little about the properties
of metals. Their "research" consisted of trying every-
thing possible that came to mind. It is interesting to
note that these endeavors, carried out with no effective
paradigm, are not even considered science by most
people.


Paradigm-based Science
Kuhn (1970) contended that, in order for a scientific


field to make substantive progress, a dominant guid-
ing concept or paradigm must eventually arise. A par-
adigm enables a group of scientists to focus its efforts
on a narrow range of problems. When they can take
a paradigm for granted, scientists no longer need to
explain the meaning of each concept used. Further-
more, they are not required to justify their field anew
in each major work. Instead, they can concentrate with
confidence on the esoteric problems that the paradigm
and existing knowledge define for them. A paradigm
enables the scientific community to reach a consensus
concerning which problems are important and which
techniques to solve them are appropriate.


A paradigm provides the practitioners of a mature
specialty with an ordered view of what the world and
their science are like. It does not have to answer all
of the outstanding questions in a field in order to be
accepted by a scientific community. Instead, as Kuhn
demonstrated with numerous examples, a scientific
community need only make an intuitive judgment that
the paradigm will lead them in the right direction.


Kuhn (1970) argued convincingly that modern sci-
entists, especially in the natural and physical sciences,
are specifically trained for paradigm-based research
— or what he referred to as "normal science" or
"puzzle-solving." In fact, few practicing scientists
are aware that there is any other kind of science. Such
individuals are fortunate; working in a field with a
successful paradigm can be extremely rewarding and
productive. Failures are rare. Scientists practicing nor-
mal science or puzzle-solving under the auspices of a
paradigm are comfortable in the knowledge that, with
proper skill and ingenuity, they can solve a puzzle
that no one has solved before. Furthermore, they are
practically assured of getting meaningful and publish-
able results. A particularly striking example of para-
digm-based science as puzzle-solving is the factorial
field plot experiment common in agronomy.


Kuhn (1970) pointed out that, in normal or para-
digm-based science, attention is focused on a narrow


range of esoteric problems. This both enables and forces
the scientist to investigate narrow problems in detail
that would be impossible without a paradigm. An op-
erative paradigm makes it possible for a science to
move fast and penetrate deeply into the field under
study. The astounding progress of many scientific dis-
ciplines has been made possible by interactive com-
munities of practitioners united under a common
paradigm.


Scientific Revolution
Kuhn (1970) cited numerous cases in which the


kind of intense study made possible by a paradigm
actually brought about its downfall. As research con-
tinues, more and more facts can be uncovered that
simply do not fit into the overall conceptual frame-
work. Some anomalies can be accommodated by
slightly adjusting the original paradigm. However,
others are impossible to reconcile. Notwithstanding
attempts to resolve them, they become more obvious
and disturbing. The operating paradigm itself can be
threatened. Unresolved anomalies can increase until
the ruling paradigm breaks down and is replaced. When
this occurs, the scientists soon regroup, resume nor-
mal science with the new paradigm, and begin to make
progress again. The confidence and hope of individual
scientists are renewed.


THE SOIL-LANDSCAPE PARADIGM
Trained soil scientists can delineate bodies of soil


accurately on the landscape by directly examining less
than one-thousandth of the soil below the surface. They
can do this because of the validity of the soil-land-
scape model. A powerful paradigm, it enables soil
scientists to make very accurate predictions about their
world. The soil-landscape paradigm has its origin in
the soil factor equation outlined by Dokuchaeiv (Glinka,
1927) and Hilgard (Jenny, 1961). This well-known
equation identifies the five factors of soil formation.
Soil is characterized as a function of parent material,
climate, organisms, relief, and time. The equation im-
plies that, by looking for changes in one or more of
these factors as the landscape is traversed, one can
accurately locate boundaries between different bodies
of soil.


The original soil factor equation is itself a powerful
paradigm. It meets the two requirements outlined by
Kuhn. First, the idea implicit in its formulation at-
tracted a large number of adherents, who were in-
trigued by its promise. They were excited by the idea
that this apparently simple concept could be used as
the basis for accurately locating soil boundaries and
delineating bodies of soil anywhere in the world. This
was a compelling idea.


Because it lacked specifics, the soil factor equation
met Kuhn's second criterion for a successful para-
digm. It simply is a general statement implying that
soils are natural bodies that are distributed in a pre-
dictable way and in response to a systematic interac-
tion of environmental factors. There are no details.
Nothing is stated, for example, about the mechanics
of how soils vary, or which properties vary in different
climates. Lacking specificity, it pointed the way to a
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wide variety of interesting problems for practitioners
to solve.


Jenny spent much time and effort validating the soil
factor equation. He developed statistical correlations
relating soil properties to the individual factors of soil
formation. For example, in a transect from west to
east in the USA, he demonstrated that the N content
of the soil surface layer increased linearly as rainfall
increased (Jenny and Leonard, 1934). He and his fol-
lowers discovered many such relationships. Variation
in different soil properties were soon related to changes
in all of the soil-forming factors. This work, culmi-
nating in Jenny's book on the factors of soil formation
(Jenny, 1941) provided experimental validation of the
soil factor equation. However, this work merely af-
firmed and added detail to the original soil factor
equation. It did not modify the original paradigm or
develop it further.


Since its introduction more than 90 yr ago and its
subsequent validation by Jenny and his coworkers, the
soil factor equation has served as a general model of
soil geography. It leads to the inference that soils are
organized, mappable bodies. A large organized pro-
gram of normal science or puzzle-solving has taken
place under the general direction of this initial para-
digm. This organized program, the U.S. soil survey,
has been in existence now for nearly a century.


The soil-landscape model has now become the
guiding paradigm for soil survey in the USA. This
more specific and more deterministic paradigm evolved
from the original soil factor equation during decades
of puzzle-solving by field soil scientists. Until re-
cently (Hudson, 1990), however, the paradigm had
not been written down. Instead, each new soil mapper
had to learn it by trial and error.


To understand the soil-landscape paradigm, one must
break faith with a widely espoused tenet of soil sci-
ence: the idea that soil is a continuum on the land-
scape. Soil does behave as a continuum within short
distances. However, it is characterized by frequent,
often abrupt discontinuities that can be discerned by
trained observers. The term discontinuity, as used here,
refers to a boundary area on the landscape in which
one or more of the soil-forming factors changes rap-
idly within a short lateral distance. A concomitant
change in soil properties typically occurs at the same
zone and within the same lateral distance. These ab-
rupt soil changes at observable discontinuities make
soil mapping a practical enterprise.


Understanding the soil-landscape paradigm also re-
quires that one understand the concept of soil-land-
scape units. These are natural terrains resulting from
the interaction of the same five factors conventionally
cited in the functional equation for soil formation. A
soil-landscape unit has a recognizable form and shape
of the surface of the earth. It is similar to a landform,
but is more narrowly defined. For example, two areas
could be identified as slopes, and thus would be the
same landform. However, the soil on a south aspect
might be significantly different from the soil on a north
aspect. Therefore, at least two soil-landscape units
would be recognized within this landform. A soil-
landscape unit can be thought of as a landform further
modified by one or more of the soil-forming factors.


(For a discussion of landforms, see Hawley and Par-
son, 1980.) The main elements of the soil-landscape
paradigm stated below are paraphrased from Hudson
(1990).


SUMMARY OF THE SOIL-LANDSCAPE
PARADIGM


1. Within a soil-landscape unit, the five factors of
soil formation interact in a distinctive manner. As a
result, all areas of the same soil-landscape unit de-
velop the same kind of soil. In a given soil survey
area, there is a relatively small number of different
soil-landscape units. Individual areas of each unit oc-
cur again and again.


2. Generally, the more different conterminous areas
of two soil-landscape units are, the more abrupt and
striking the discontinuity separating them. An exam-
ple is the boundary between a steep backslope and a
gently sloping alluvial fan at its base. Conversely, the
more similar conterminous areas of two soil-land-
scape units are, the less striking the discontinuity sep-
arating them tends to be.


3. Generally, the more similar two landscape units
are, the more similar their associated soils tend to be.
Conversely, very dissimilar landscape units tend to
have very dissimilar soils.


4. Adjacent areas of different soil-landscape units
have a predictable spatial relationship one to another.
For example, one area will always be located above
another on the landscape, or between another and a
stream.


5. Once the relationships among soils and landscape
units have been determined for an area, the soil cover
can be inferred by identifying the characteristic soil-
landscape unit. The soil is examined directly only as
needed to validate this relationship.


The soil-landscape paradigm makes soil mapping
possible because of observable discontinuities be-
tween conterminous areas of different soil-landscape
units. Conterminous soils that are distinctly different
tend to be on distinctly different soil-landscape units
separated by abrupt discontinuities. As a general prin-
ciple, the more different two conterminous areas of
soil are, the easier it is to locate the boundary between
them accurately and precisely. This is a fortuitous re-
lationship. Because of it, conterminous areas of soil
that are the most different generally can be separated
most accurately and precisely in mapping.


THE ROLE OF TACIT KNOWLEDGE
The soil-landscape model is a very successful par-


adigm. It has captured the imagination and allegiance
of a large number of practitioners, and is the driving
force behind a large, enduring technical program. The
National Cooperative Soil Survey program, using the
soil-landscape paradigm, has prepared detailed soil
maps on more than 600 million ha in the USA. There
is an increasing demand for these maps and the soils
information that accompanies them. Notwithstanding
its success and power, the soil-landscape model has
one major weakness — an extreme reliance on tacit
knowledge. Tacit knowledge refers to information and
techniques learned through experience. The role of
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tacit knowledge in the soil survey and the problems
associated with it are evaluated below.


Polanyi (1966) argued brilliantly that much of a
scientist's success depends on tacit knowledge ac-
quired through practice. His thesis proceeds from the
simple premise that "we can know more than we can
tell." For example, each of us can recognize a per-
son's face, even among thousands of faces. However,
none of us can explain how we distinguish one face
from a thousand others. Those who have acquired tacit
knowledge rarely are able to explain it to anyone else.
Furthermore, they usually are unable to explicitly state
the rationale behind decisions that are made using tacit
knowledge. Medicine often is referred to as the "art"
of healing. Many describe soil mapping as an art.
Kuhn and Polanyi would argue that such "arts" ac-
tually are sciences based on a large reservoir of tacit
knowledge. Applying the soil-landscape paradigm is
almost totally dependent on the acquisition of tacit
knowledge. Two concepts of human perception that
are critical to this process are gestalt shifts and the
recognition of natural families.


Gestalt Shifts
The ideas given here are based on an application of


concepts advanced by Kuhn (1970) and Hanson (1969)
to the mental process of mapping soils. To the un-
trained eye, the landscape is a dimly perceived back-
drop for objects of more interest, such as trees, animals,
or humans. In order to recognize and delineate soil
bodies, beginning soil scientists first must learn to see
the landscape as an entity unto itself. Then they must
learn to recognize distinct soil-landscape units. This
requires them to mentally carve the landscape up into
facets and to visualize interactions and processes af-
fecting the landscape and its facets. To accomplish
these conceptual tasks, a soil scientist must learn to
see the physical world in a new way. The formerly
indistinct landscape must "shift" and then take on a
new appearance. Most soil scientists make this con-
ceptual shift after only a short time in the field. After
this happens they are incapable of looking at a land-
scape without mentally breaking it up into distinct
facets. Furthermore, they cannot even remember how
landscapes appeared prior to the conceptual shift.


The process described above is analogous to the
visual phenomenon commonly referred to as a gestalt
shift. This refers to the reversible-perspective figures
that appear in textbooks of Gestalt psychology (Koh-
ler, 1980). A well-known example is the picture that
at first glance looks like a young woman. However,
as one stares at the picture, it seems to "shift" and
change into an old woman. Kuhn draws an analogy
between simple visual gestalt shifts and the kind of
change in perception experienced by field soil scien-
tists.


One cannot simply choose to experience a gestalt
or conceptual shift (Kuhn, 1970). Instead, it is some-
thing that "seizes" one. For example, Pearce (1971)
tells of a mathematics student in the final years of his
doctoral studies in topology. After years of study, the
student suddenly was "seized and changed" by the
concepts of topology. According to Pearce, "The


structure of his mind, and his resulting world, were
never again the same as that of nonmathematicians."


Natural Families
After learning to recognize and delineate soil-land-


scape units, a more difficult task lies ahead. Soil sci-
entists then must learn to place a large number of soil
delineations into a much smaller number of similarity
groups, or map units. In terms of human perception,
they must learn to group soil delineations into what
Wittgenstein (1976) calls "natural families." Follow-
ing is a brief discussion of this concept.


Philosophers have asked, "What must one know in
order to apply terms like dog or leaf or dance to ob-
jects or activities without disagreement among ob-
servers?" This kind of question is very old. It has
been answered in the past by asserting that we must
know consciously or intuitively all of the character-
istics of a dog, or a leaf, or a dance (Wittgenstein,
1976). However, Wittgenstein disagreed. Considering
the way we use language and the nature of the world
to which we apply it, he reasoned that no such set of
characteristics need exist. Instead, by recognizing only
some of the attributes shared by some dances, or dogs,
or leaves we are able to use the corresponding term.
However, there is no set of characteristics that is si-
multaneously applicable to all members of the class
and only to them. Instead, when observing an activity,
we might apply the term dance because what we see
bears a close "family resemblance" to a number of
activities that, through experience, we have learned to
call by that name.


Throughout life one learns to recognize many nat-
ural families and identify them quickly because there
is "perceptual space" around them. This learning is
almost entirely by trial and error. One rarely sits down
with a child and says, "These are the characteristics
that distinguish a joke," or "When you see an activity
with these characteristics, it is a dance," and so on.
Instead, each of us learns to recognize most of the
things and activities we see and to group them into
natural families through experience.


Natural families of soil delineations that can be in-
terpreted similarly are the ultimate and elusive goal
of soil mapping and classification. Achieving this goal
represents an especially difficult conceptual task. The
main difficulty arises from the fact that learning to do
it is an iterative, trial-and-error process. One must
learn to group soil delineations by recognizing and
comparing only some of the attributes they share. Re-
cognizing soil-landscape units and grouping them into
natural families require the acquisition of a large amount
of tacit knowledge.


IMPLICATIONS OF TACIT KNOWLEDGE
Knowledge and Linguistics


In the process of learning to recognize and delineate
soil-landscape units and group them into natural fam-
ilies, one intuitively learns the main concepts of the
soil-landscape paradigm. However, despite the fact
that this paradigm has been the basis for a large tech-
nical program for many years, it has not been explic-
itly stated or written in any soils text or technical
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document. The concepts of the paradigm have resided
mostly in the minds of perceptive, experienced soil
geographers, who use them regularly in their work.
However, very few of them can express the concepts
verbally. This is because they acquired them as this
author did, intuitively or tacitly. The concepts of the
paradigm were internalized by observing the relation-
ships between soils and landscapes day after day in
different areas. The fact that the soil-landscape par-
adigm has been used for decades and yet has not been
expressed linguistically is a strong indication of its
tacit nature.


An almost exclusive reliance on tacit knowledge to
impart a paradigm is extremely inefficient. Hanson
(1969) has argued convincingly that all human seeing
has a linguistic component. He cited the example of
Charles Darwin. During an expedition, Darwin and
his companion could not see obvious features in a new
environment simply because they had not been told
about them or taught to see them. Darwin wrote (1902),
"Neither of us saw a trace of the wonderful glacial
phenomena all around us; we did not notice the plainly
scored rocks, the perched boulders, the lateral and
terminal moraines ... " As Hanson (1979) main-
tained, you must tell people what you know before
you can show them what you see.


This idea has important ramifications for the soil
survey. A paradigm that is not expressed linguistically
can be learned only with great inefficiency and at con-
siderable expense. It normally takes 2 to 3 yr for a
new field soil scientist to thoroughly internalize the
soil-landscape paradigm and begin to operate at the
"journeyman" level.


Knowledge and Maps
Much of the knowledge gathered using the soil-


landscape paradigm is in the form of maps. This, too,
causes serious inefficiencies. Hanson (1969) asserted
that, if research findings are not expressed linguisti-
cally — not written down, they will not affect the
general body of scientific knowledge. He made the
following distinction between pictures and language:
"It is a point of profound logical significance that the
pictures on our retinas and the pictures sense-datum
theorists talk about are first and foremost pictures,
while what is called scientific knowledge is first and
foremost expressed in language." He describes maps
as occupying an intermediate position between pic-
tures and human language, stating " ... there is a
logical gulf between pictures and language which maps
partially bridge." He goes on to say that maps are "
... a half-way house between pictures and modern
language; unlike pure pictures, maps have the rudi-
ments of a vocabulary."


Since maps have only the rudiments of a vocabu-
lary, they are not efficient conveyors of knowledge.
Maps, including soil maps, mostly serve as pictorial
representations of some aspects of a real terrain. In
order to impart specific knowledge about that terrain,
icons are required (Hanson, 1969). Icons are symbols
placed on a map and defined or described in order to
convey information. Map-unit symbols and ad hoc
symbols on soil maps are examples of icons. It is
important to note that, when employing maps and icons,


most of the knowledge still is imparted linguistically;
one must read about the icon to acquire information.
Abstracting additional knowledge (knowledge not
conveyed by icons) from a map requires that one pos-
sess some level of prior knowledge. For example, in
order to understand the many relationships between
soils and landscapes shown on a soil map, the viewer
must possess similar basic knowledge as the individ-
ual who made the map.


The iconic nature of maps severely limits the kind
and amount of knowledge they can convey. Maps can
efficiently provide information about individual points
or areas identified by icons. However, they are not
effective in conveying scientific concepts or complex
relationships that are shown by the imagery. Such
knowledge must be expressed linguistically and in
highly sophisticated language to be understood by those
not already acquainted with the relevant concepts and
relationships.


MAINTAINING THE PARADIGM
Typically, scientific paradigms are maintained and


reinforced by university instruction, textbooks, and
scientific publications. However, explicit information
concerning the soil-landscape paradigm is nearly ab-
sent from soil science curricula and texts. Further-
more, there has been little substantive academic research
dealing with soils as natural bodies on the landscape.
The applied research (soil mapping and investigations)
that has taken place under the guidance of the soil-
landscape paradigm has generated a vast amount of
knowledge concerning the soils of the USA. As with
the paradigm itself, however, much of this informa-
tion is not part of the scientific literature. Instead, it
remains in the form of maps, a nonlinguistic form that
is not available to the larger soil science community.


This raises an interesting and important question:
considering its reliance on tacit knowledge, how is the
soil-landscape paradigm maintained and reinforced?
This is accomplished largely by requiring each prac-
titioner to take part in a continuing socialization process.
On learning the basic soil-landscape model, a new
soil scientist becomes part of a close-knit scientific
community. The mores of this community are con-
stantly reinforced. This is done through frequent com-
munal gatherings at every level.


In the U.S., a field review, normally a week long,
is held yearly in every progressive soil survey project.
These reviews are attended by technical supervisors
from the Soil Conservation Service state office and,
often, by their regional counterparts. Representatives
of the experiment station and other cooperating agen-
cies in the state also take part. The stated purpose of
field reviews is to provide technical oversight and
guidance to the soil survey project. However, it also
accomplishes another important goal. It reinforces the
paradigm. Ideally, the project leader and party mem-
bers end the review convinced that they are involved
in important scientific work and that they are part of
an enduring scientific community.


Such interaction and paradigm reinforcement take
place at every level of the National Cooperative Soil
Survey. Communal gatherings include soil survey
conferences held annually in each state and confer-
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ences held in alternate years at the regional and na-
tional level. As with the field reviews, practitioners
leave these meetings with the confidence that both the
paradigm and the pleasant communal scientific life it
supports are important and will continue to thrive. As
long as much of the soil survey is based on tacit
knowledge, formal meetings of National Cooperative
Soil Survey cooperators will serve the vital purpose
of maintaining the paradigm on which the organiza-
tion is based. This can be as important as any technical
or managerial achievements. (See Shapiro [1987] for
a discussion of the role of formal gatherings in main-
taining scientific communities.)


CONCLUSION AND RECOMMENDATIONS
I have categorized the soil survey as paradigm-based


science. I also have argued that the soil-landscape
paradigm, on which soil survey is based, is overly
dependent on tacit knowledge. For example, relying
on tacit processes to teach the soil-landscape para-
digm is very inefficient. Furthermore, much of the
knowledge that has resulted from applying the para-
digm remains on maps, which do not convey concepts
or complex information efficiently. This is an addi-
tional cause for concern. Because it has remained on
maps, much valuable information gathered during a
period of many years has not become part of the soil
science literature.


As has been pointed out before, most human learn-
ing has a linguistic component. Hanson (1969) as-
serted that employing language to reduce reliance on
tacit knowledge is an almost uniquely human ability
— and one to which we owe much of our progress as
a species. What one can observe and learn depends
largely on what one has been prepared to observe and
learn. According to Lewes (1879, p. 108), "... the
new object presented to Sense, or the new idea pre-
sented to Thought, must also be soluble in old expe-
riences, be recognized as like them, otherwise it will
be unperceived, uncomprehended." New visual ex-
periences can be perceived more readily if some com-
prehensive framework of knowledge has been
established into which the new visual experience can
be fitted.


Hanson (1969) and others use the term set to refer
to the process of preparing a person to see new phe-
nomena and to see it in a certain way. Studies have
shown (Hanson, 1969) that, if an observer is "set"
to see the names of animals, he will read the nonsense
syllables sael and wharl as seal and whale. However,
if he is "set" to see words related to boats, he will
immediately perceive the same syllables as sail and
wharf. Students or trainees can be "set" to perceive
soil-landscape units more easily by prior explicit in-
struction in the soil-landscape paradigm.


If all new soil scientists received explicit instruction
concerning the soil-landscape paradigm, nearly all of
them would learn it. Furthermore, if they were "set"
properly, their learning time could be significantly re-
duced. It is even possible that, by using linguistics to


draw the right series of mental pictures, one could
teach the basics of the paradigm entirely in a class-
room setting.


In addition to teaching the paradigm more effi-
ciently, the information acquired by applying it must
be made more widely available. The concepts inherent
in the soil-landscape paradigm must be explicitly ex-
pressed in soils textbooks and taught to students. Fur-
thermore, the mass of information that has resulted
from applying the paradigm must be abstracted from
soil maps, conceptualized, and published in the soil
science literature. Preparing detailed maps requires that
one determine the many geographic and genetic re-
lationships among the soils in an area. After the soil
maps are prepared, however, the landscape and soil
relationships that made them possible are rarely com-
municated. As a result, it is not uncommon for a re-
searcher to "discover" relationships that have already
been recognized by field soil scientists and used for
many years in mapping soils.


The last and perhaps most important recommen-
dation is that soil scientists should try to gain a new
appreciation for the overwhelming power of ideas and
concepts. Mental constructs such as paradigms are of
paramount importance in everything we do. To par-
aphrase a statement attributed to N.W. Pirie (Webster,
1977), "A sensible philosophy controlled by a rele-
vant set of concepts ... can nearly act as a substitute
for genius."
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Understanding the processes of  
mapping soils 
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Performance Objectives 


• Know and understand types of soil 
variability. 


• Know and understand scales of soil 
variability. 


• Understand the goal of mapping soils 
(e.g. mapping soil variability), and 
how to achieve that goal (tasks). 
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Three objectives of module.
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Types of Soil Variability 


• Spatial 
• Temporal 
• Taxonomic 
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Three types of soil variability to be concerned with.  Note that taxonomic variability is also a type of variability.  







4 


Spatial Variability 
(variation in space) 


• Laterally across the landscape. 
• Vertically  downward through the soil. 
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Soil maps, map unit descriptions, and pedon descriptions are the tools that are used to record and display spatial variability.
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Temporal Variability 
 


(variation in time) 
 


• Recent 
• Geologic 
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Examples of recent “Temporal Variability” include soil changes due to tillage, erosion, drainage, and changes in land use.Stratigraphic layering is  an example of “Temporal Variability” over geologic time.
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Taxonomic Variability 
 


(variation in soil classification 
across the landscape) 


 
• Soil taxonomic variation within a map unit. 
• Soil taxonomic variation among map units. 
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Over the years there has been much discussion of the development and the application of Soil Taxonomy to soil survey.Read Chapters 1 and 5 of Soil Taxonomy to achieve a basis for understanding the role of soil classification in soil survey.  Chapter 5  (“Application of Soil Taxonomy to Soil Surveys”) emphasizes the use of Soil Taxonomy for labeling soil geographic order (e.g., soil spatial variability).
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Soil Survey Focuses on 
Understanding Soil Spatial 


Variability 
(variation in space) 
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Soil maps, map unit descriptions, and pedon descriptions are the tools that are used to record and display spatial variability.
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Scales of Soil Spatial 
Variability 


    Global                                           >1000 km2 


       Regional                             500 – 1000 km2 


             State                                10 – 100 km2 


                 County                             1 – 10 km2 


                     Landscape           100 m2 to 1 km2 


                        Landform          10 m2 to 100m2 


                            Pedon                1 m2 – 10 m2 


                                  Horizon         mm2 – cm2 


                                       Microscopic   microns 
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Soil scientists are primarily interested in mapping and describing soil variability at the landscape and landform level using soil maps and map unit descriptions.Soil scientists describe soil profiles, including soil horizons, in detail.
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Global 
Soil 


Variability 
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Global scale. Discuss what is observed here.
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Regional 
Soil 


Variability 
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Regional scale. Discuss what is shown here and other possibilities at this scale (temperature regimes, etc.)
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State-Wide 
Soil 


Variability 
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State scale. Discuss what is shown here. If you have other examples locally, show them to the trainee.
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General Soil Map, Plymouth County Massachusetts 
 


County 
Soil 


Variability 



Presenter

Presentation Notes

County scale. Discuss what is shown here. If you have other examples locally, show them to the trainee.
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Soil Catenas, Plymouth County Massachusetts 
The relationships between soils, landscapes, geology, and parent material 


Landscape 
Soil 


Variability 
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Landscape/landform scale. Have local examples of block diagrams or other landscape/landform representations ready to show here.
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Landscape/ 
Landform 


Soil 
Variability 
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Landform/landform component scale. Discuss what is shown here via the photo tones, geomorphic positions, etc. Relate how photo tones can be utilized in your soil survey area.
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Landform 
Component 


Soil 
Variability 
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Landform component scale. Discuss what is shown here. You should be able to point out two components in this road cut.
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Landform 
Component 


Soil 
Variability 



Presenter

Presentation Notes

Landform component level. Look at the A, E, and B horizon thicknesses and relate them to the two-dimensional (hillslope) positions as labeled. Discuss what processes have occurred and relate them to variability at the component level. Use local examples also.
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Pedon 
Soil 


Variability 
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Soil profile, pedon scale. A detailed pedon description will quantify pedon scale soil variability.
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Horizon 
Soil 


Variability 
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Soil horizon scale. A detailed soil horizon description quantifies horizon scale soil variability.
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Microscopic 
Soil 


Variability 
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Scanning electron micrograph representing the microscopic scale of variation.
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Summary of Soil Spatial 
Variability 


 


• The are multiple scales of soil variation. 
 


• In field soil survey we are primarily concerned with 
mapping soil variation at the landscape, landform, and 
landform component level. 
 


• We describe soils in detail at the soil profile or pedon 
level.  Essentially, when you are describing a pedon, you 
are mapping soil horizons. 
 


• Mapping variation at the microscopic (mineralogical and 
biological) level helps with our understanding of the 
genesis and classification of the soil at the pedon level. 
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Mapping Soil Variability 
 


   (Mapping Soil Geographic 
Variability) 
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Summary of Soil Variability*There a three types of soil variation:         Spatial         Temporal         Taxonomic*There are multiple scales of soil spatial variation (soil geographic variation).*In field soil survey we are primarily concerned with mapping soil variation at the landscape, landform, and landform component level.*We describe soils in detail at the soil profile or pedon level.  Essentially, when you are describing a pedon, you are mapping soil horizons.*Mapping variation at the microscopic (mineralogical and biological) level helps with our understanding of the genesis and classification of the soil at the pedon level.
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Four Key Concepts for 
Mapping Soils 
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From chapter 5 of Soil Taxonomy.
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1.In mapping soils at any scale, it is  
necessary to assume that there is 
a pattern of order in the spatial 
distribution of soil characteristics. 
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Key concept #1. Discuss this. Relate to your local soils for examples.
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2. The soil genesis model, which 
defines soil as a function of parent 
material, climate, living organisms, 
relief, and time, provides a basis 
(model) for predicting order. 
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Key concept #2. Discuss this. Relate to your local soils for examples.
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3. A soil surveyor quickly learns that 
the geographic pattern of soils is 
related to the five soil-forming 
factors. 
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Key concept #3.
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4. A soil surveyor observes and maps a 
geographic pattern of soils by 
grouping soils with similar genesis and 
by separating soils where there is a 
change in one or more of the soil-
forming factors. 


 
Note: This summarizes the primary goal 


when making a soil map. 
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Key concept #4.
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Review the contents of each of 
the three references: 


 


1) Indorante, S. J. 1986. A Pedological Tale. 
Soil Survey Horizons 27:28-29 


 
2) Chapter 1 of  Soil Taxonomy 
 
3) Chapter 5 of Soil Taxonomy 
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Review the contents of each of the following:Indorante, S. J. 1986. A Pedological Tale. Soil Survey Horizons 27:28-29      (See the attachment in the OJT module pdf file)2) Chapter 1 of  Soil Taxonomy (previous reading assignment).3) Chapter 5 of Soil Taxonomy (previous reading assignment).
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• Summarize Key Concepts In: 
 


A Pedological Tale 
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The importance of conceptual models (referred to as glasses in the tale) in science and, in particular, in mapping soils in a meaningful way.Note the difference between taxonomic order (taxonomic variation) and geographic order (spatial variation). Taxonomic models (Soil Taxonomy) are important for focusing in on important soil properties that soil scientists use when they classify and name a soil.  These models are critical for observing categorical order. Geographic models (soil-forming factor models) are important for observing and mapping (spatial variability) cartographic order. Both taxonomic models and geographic models must be applied in the proper order if an accurate soil map with maximum long-term utility is to be made.If one maps soils using predominantly taxonomic glasses (models), a soil scientist runs the risk of  becoming a “Hole Mapper.”  A taxonomic map can display the taxonomic make up of an area, but the map may be of little use to land use planners and managers.
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• Summarize Key Concepts In: 
 


 Chapter 1 and Chapter 5 
 


of 
 


Soil Taxonomy 
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Chapter 1 (“The Soils That We Classify”) emphasizes describing  and mapping vertical soil variation downward through the soil profile (e.g., pedon descriptions). Chapter 5 “Application of Soil Taxonomy to Soil Surveys” emphasizes the mapping of soil variation laterally across the landscape (e.g., map unit descriptions).These two chapters are the taxonomic glasses (chapter 1) and the geomorphic, geologic, genetic glasses (chapter 5) referred to in “A Pedological Tale.”
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The Goal of Mapping Soils? 


• To group soils that are similar, 
and separate soils that are 
different. 
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The above map is at a scale of 1:15,840.Most soil surveys in the  National Cooperative Soil Survey were completed at large scales (1:12,000 to 1:31,680) and intermediate scales (1:31,680 to 1:100,000).
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The grouping is accomplished 
by developing and applying soil- 
landscape models and soil 
taxonomic models. 
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Note: The order of application of the two models is critical (See “A Pedological Tale.”)
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Basic Steps In Mapping, 
And Classifying Soils 
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Reread chapter 5 of Soil Taxonomy.Pay particular attention to the section:Mapping and Labeling Soil Geographic Order at Large (1:12,000 to 1:31,680) and Intermediate (1:31,680 to 1:100,000) Scales.And to the subsections:Mapping Soil Geographic OrderThe Soil landscape Paradigm and Soil SurveyLabeling Soil Geographic Order With Soil TaxonomySoil Geographic Order and Soil Taxonomy In Soil Survey
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•Design and Describe the map unit 
& 


 Describe and name the soil(s) 


•Label and interpret the map unit 


•Interpret the landscape 
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This slides summarizes the 3 “Basic Steps in Mapping and Classifying Soils.”Refer to chapter 5  of  Soil Taxonomy, second edition.  Specifically, look at the section “Mapping and Labeling Soil Geographic Order at Large (1:12,000 to 1: 31,680) and Intermediate (1:31,680 to 1:100,000) Scales.”Three other useful sources of information for soil mapping and classification are:United States Department of Agriculture, Natural Resources Conservation Service. National Soil Survey Handbook,. Soil Survey Staff	(Refer to Section 627)United States Department of Agriculture, Soil Conservation Service. 1993. Soil Survey Manual. Soil Surv. Div. Staff. U.S. Dep. Agric. Handb. 18.      (Refer to Chapter 4)
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• Step 1 - Interpret the landscape 
 


    a) study landforms 
 
       b) study soil forming factors and  
            soil profiles. 
 
             c) recycle above until a working  
                  model of soil landscape  
                     relationships is created. 
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You can use DEM’s, DRG’s, Slope Maps, Geologic Maps, Aerial Photography (including stereo pairs) etc. (office work)Any local or regional information (soil surveys, text books, circulars, bulletins etc.) that provides information on the soil-forming factors (s = cl, o, r, pm, and t). (office work)   Select, study, describe, and classify soils that occur on representative landscapes and landforms.  (field work)      (Refer to Chapter 4 of the 1993 Soil Survey Manual for mapping techniques).c) Create a working  soil landscape model. Block diagrams are excellent tools for modeling soil landscape relationships for an area or region.As you can see, soil survey is a combination of office work and field work.  Soil survey information (maps, descriptions, and interpretations) are built on and improved through a combination of office work and field work.
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Example of a working  soil landscape model. Block diagrams are excellent tools for modeling soil landscape relationships for an area or region.  Soil landscape models and soil maps can evolve over time as new knowledge is gained and new technologies are applied to soil survey.From: Oschwald, W.R., F.F. Riecken, R.I. Dideriksen, W.H. Scholtes, and F.W. Schaller. 1965. Principal Soils of Iowa. Special Report NO. 42. Department of Agronomy.NOTE: "All Models Are Wrong But Some Are Useful." From ; George E.P. Box ("Robustness is the Strategy of Scientific Model Building" in Robustness in Statistics. eds., R.L. Launer and G.N. Wilkinson, 1979, Academic Press, p. 202.)D’Avello’s Corollary - All soil maps are models, and some soil maps are less wrong than others.No soil landscape model, no classification model, and no soil map model is perfect, but each of the models should provide accurate and useful information to land users. 
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Soil Landscape References 
 
• Hudson, B.D. 1990. Concepts of soil mapping 


and interpretation. Soil Surv. Horiz. 31:63-73. 
 


• Hudson, B.D. 1992. Soil survey as paradigm-
based science. Soil Sci. Soc. Am. J. 56:836-
841. 
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Note: Both of these articles are available as attachments within the module OJT lesson plan.  The 1990 article gives an excellent overview of the mapping and interpretation process.  This article is highly recommended if you want to understand the history of soil mapping and interpretations, the problems and concerns of the past, and suggestions for performing soil survey in the future (the future looking ahead from 1990, that is).  The 1992 article provides the scientific and philosophical basis for soil survey.
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Soil Landscape References 
(continued) 


• Peterson, F.F., Landforms of the Basin & Range Province Defined for Soil Survey. 
1981. . Nevada Agric. Exp. Stn. Tech. Bull. 28. 
 


• Ruhe, R.V. 1969. Quaternary Landscapes in Iowa. Iowa State Univ. Press 
 


• Daniels, R.B. and R.D. Hammer. 1992. Soil Geomorphology. John Wiley and Son, 
Inc. 
 


• Peter W. Birkeland. 1999. Soils and Geomorphology, 3rd edition. Oxford 
University Press 
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Note: The Fred Peterson bulletin is available as an attachment within the OJT module lesson plan.  It is an excellent resource for the study of soil landscapes and soil survey.  The soil landscape principles in the bulletin are universally applicable.You may be able to locate the other references provided. If so, they may prove informative as you strive to understand mapping soils. 
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•Step 2 - Design and Describe the 
map unit 


& 
 Describe and name the soil(s) 
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Step 2Refer to chapter 5  of  Soil Taxonomy, second edition.  Specifically, look at the section “Mapping and Labeling Soil Geographic Order at Large (1:12,000 to 1: 31,680) and Intermediate (1:31,680 to 1:100,000) Scales.”United States Department of Agriculture, Natural Resources Conservation Service. National Soil Survey Handbook,. Soil Survey Staff     (Review Part 627)United States Department of Agriculture, Soil Conservation Service. 1993. Soil Survey Manual. Soil Surv. Div. Staff. U.S. Dep. Agric. Handb. 18.      (Review pages 22 to 44)
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•Design and Describe the map unit 
& 


 Describe and name the soil(s) 
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See the attachment of an example of a Transect Form. Review the transect form used in your office.Documentation of soil landscape relationships and soil variability within and among map units is a key component in soil survey.  The Transect Form is an example from Illinois.  It is one way to systematically study and document soil landscape relationships.  Some soil scientists use the transect method to present soil variability as a statistical probability, and the transect sheet can serve as a form to record observations.  Other modules and references cover the subject of transects and statistical analysis.  Traverses and transects are two ways to systematically study soil landscape relationships.  Details on performing traverses and transects are covered in Chapter 4 of the 1993 Soil Survey Manual.  Hudson’s (1990) article is an excellent reference on transects and statistics.On the Illinois transect form, emphasis is placed on recording the soil setting along with recording soil properties.  This was done on purpose in order to emphasize the understanding of soil landscape relationships, with statistical analysis being a secondary concern. You should follow your own guidelines for the MLRA SSO.
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•Design and Describe the map unit 
& 


 Describe and name the soil(s) 
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The Pedon Description Form is the recommended way to record point data.  It is the linking between site data and the pedon description that is a key component to documenting and verifying the soil landscape relationships.  United States Department of Agriculture, Soil Conservation Service. 1993. Soil Survey Manual. Soil Surv. Div. Staff. U.S. Dep. Agric. Handb. 18.      (Refer to Chapter 4 “Mapping Techniques”)
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•Step 3 - Label and interpret the map 
unit 
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Step 3Refer to Chapter 5 of  Soil Taxonomy, second edition.  Specifically, look at the section “Mapping and Labeling Soil Geographic Order at Large (1:12,000 to 1: 31,680) and Intermediate (1:31,680 to 1:100,000) Scales.”United States Department of Agriculture, Natural Resources Conservation Service. National Soil Survey Handbook,. Soil Survey Staff     (Review Parts 617 to 625)United States Department of Agriculture, Soil Conservation Service. 1993. Soil Survey Manual. Soil Surv. Div. Staff. U.S. Dep. Agric. Handb. 18.      (Review Chapter 6)
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Here is an example of basic soil information that can be used to generate various soil interpretations for soils. This example is over 50 years old.   We now have our interpretations generated in NASIS.From: Oschwald, W.R., F.F. Riecken, R.I. Dideriksen, W.H. Scholtes, and F.W. Schaller. 1965. Principal Soils of Iowa. Special Report NO. 42. Department of Agronomy.
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Practical exercise 
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Select several sites in your soil survey area that represent the various landscapes and landforms.With the trainee, observe and/or traverse these landscapes and landforms and discuss what you see. Do not observe pedons at this time; see the big picture first. Ask the trainees to identify the: Landscape Landform Geomorphic position (3-Dimensional) Hillslope position, if applicable (two-dimensional)
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Practical exercise 
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Return to the same sites or selected others.  This time, observe components by observing pedons along a traverse over the landscape and landforms within.  Note the major horizons and only record enough to classify the pedon.  This is not a time to fully describe pedons. Ask the trainee to: Note the major differences in pedons observed. Relate these differences to the landform and landform 3-D and 2-D positions observed. Either in 2-D (cross section) or 3-D (block diagram), have the trainees sketch the landscape and landforms and relate the component observed appropriately (landscape model).  Have the trainees attempt to include parent material.Discuss the five soil-forming factorsHave the trainees place lines separating map unit polygons. Using your map base products for mapping soils (imagery and topography at the minimum), have the trainees place lines on the map in relationship to their 2-D/3-D landscape model. Discuss the interpretive value of the map units they have created. Do they provide interpretive differences? Can they be mapped consistently?
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