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INTRODUCTION 
 

 Land Judging in Colorado was prepared to assist vocational agriculture teachers as they 
instruct their students about soils and prepare them for the Land Judging Contest.  This event 
consists of three exercises:  Soil Characterization and Agricultural Interpretations, Homesite 
Evaluation, and Soil Survey. 
 
 An understanding of the soil is central to appropriate land use and effective land 
management.  To that end, Land Judging in Colorado was designed to familiarize students with 
many of the soil characteristics important to evaluating the suitability of a soil for particular land 
uses.  We remind the reader that soils are complex and heterogeneous systems; the rules and 
definitions outlined herein are generalizations for which there are exceptions in nature. 
 
 The land judging guide is organized by exercise.  Each discussion considers the 
information required of the student in the order presented on the respective score sheet.   
 
 Educators, and interested students, are referred to the following websites for further 
information about soil properties and formation processes.   
 
http://www.globe.gov/tctg/tgchapter.jsp?sectionId=86  
http://soils.usda.gov/teachers.html  
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SOIL CHARACTERIZATION AND  
AGRICULTURAL INTERPRETATIONS 

 
    In this exercise the soil is evaluated for agronomic use.  The student is required to 
characterize soil and site properties important to agricultural production, recognize any problems 
affecting its use, and make appropriate conservation and fertilizer recommendations. 
 
Soil Horizons 
 
 A soil horizon is a layer, approximately parallel to the soil surface, with characteristics 
produced by soil-forming processes.  A soil profile is a vertical section of soils through all of its 
horizons and extending into the parent material.  It is necessary to characterize every horizon in a 
soil profile when making a description on which to base use and conservation needs.   

Three kinds of symbols are used to designate horizons.  Capital letters (A,B,C,E,O,R) 
identify master horizons, and are used singly or in combination.  For example, an AC horizon 
has characteristics of both A and C horizons, and is often described in profiles lacking a B 
horizon.   The following diagram is a hypothetical soil profile indicating master horizons. 
 

 
 
 
Lower case letters are used as suffixes.  For example, an Ap horizon designation indicates that 
the horizon is an A but that it has been plowed.  Arabic numerals are used as suffixes to indicate 
divisions within a horizon (e.g. C1,C2) and as prefixes to indicate a change in lithology within 
the soil profile (e.g. B, 2C).   For contest purposes, the student is asked to describe characteristics 
of only two horizons, the surface horizon, and a selected subsoil horizon that will be clearly 
identified in the pit. 
 

O - Organic horizon of decomposed and undecomposed organic matter.  Present in 
forested soils.  Absent in grassland, cultivated and many other soils.   
 

A - Mineral horizon that is usually the darkest horizon in the soil profile due to the 
accumulation of decomposed organic matter, primarily from plant roots.  It is the first 
mineral horizon and, therefore, is usually at the surface. 
 

E - Mineral horizon that is usually light in color due to the leaching out of iron, 
aluminum, clay and organic matter.  Typically present in forested soils. 
 

B - Mineral horizon characterized by the accumulation of clay or iron and aluminum 
oxides.  Commonly, this horizon is higher in clay and has more pronounced structure than 
the other horizons. 
 
 

C - Mineral horizon that is relatively unaffected by soil forming processes and lacks the 
properties characteristic of  A,E or B horizons.  It is the material from which the soil 
developed, or may be unconsolidated material not related to the soil above it. 
 
 

R - Underlying consolidated bedrock such as granite or shale.  Absent under many soils. 
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Soil Texture 
 
 Soil texture refers to the proportions of sand-, silt- and clay-sized particles in the soil.  
Soil texture is determined in the field by moistening a soil sample and feeling with the fingers.  
The following flow diagram may be used to determine soil texture by feel. (source:Thien, SJ. 1979.  
A flow diagram for teaching texture-by-feel analysis.  Journal of Agronomic Education 8:54-55) 
 

 
 
 
 
 

START:  Place approximately 3 tablespoons of soil in palm.  
Add drops of water and knead the soil to break down 
aggregates.  Soil is at the proper consistency when it is 
plastic and moldable.  If soil is too dry, add more water; if it 
is too wet, add more soil. 

Does soil remain in a 
ball when squeezed? 

Place ball of soil between thumb and forefinger, gently pushing the soil with 
the thumb and pushing upward to form a ribbon.  Allow the ribbon to emerge 
and extend over the forefinger, breaking from its own weight. 

Does soil form a ribbon? 

Is the ribbon 
1 inch 

long before 
breaking? 

Is the ribbon 
1-2 inches 

long before 
breaking? 

Is the ribbon >2 
inches before 

breaking? 

                   Excessively wet a pinch of soil in palm and rub with forefinger. 

  Does soil feel 
  very gritty? 

  Does soil feel 
   very gritty? 

  Does soil feel 
  very gritty? 

  Does soil feel 
  very smooth? 

  Does soil feel 
  very smooth? 

  Does soil feel 
  very smooth? 

Neither       
grittiness or    
smoothness  

predominates 

Neither  grittiness 
or smoothness 
predominates 

Neither grittiness 
or smoothness 
predominates 

NO 
SAND 

NO 

LOAMY  
  SAND 

  NO  NO 

NO 

NO 

SANDY 
LOAM 

SILT 
LOAM 

LOAM 

NO 

NO 

NO 

NO 

SANDY 
CLAY 
LOAM 

SILTY 
CLAY 
LOAM 

CLAY 
LOAM 

SANDY 
CLAY 

SILTY 
CLAY 

CLAY 
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The following descriptions are helpful in making texture determinations. 
 
 Sand – Sand is loose and single-grained; individual grains can be readily seen or felt.  
Squeezed when dry, it will fall apart when the pressure is released.  Squeezed when moist, it will 
form a cast that will crumble when touched.  Sands found in eastern Colorado usually adhere to 
the hand and need to be brushed off. 
 Loamy sand – Loamy sands generally leave more sand grains adhering to the skin and 
leave more staining.  Moist casts can be handled more freely.  This soil texture does not ribbon, 
but will break with the first push to form a ribbon. 
 Sandy loam - A sandy loam contains more than 50% sand, but has sufficient silt and clay 
to make it somewhat coherent.  Individual sand grains can be readily seen or felt.  Squeezed 
when dry, it forms a cast that stands careful handling.  A cast formed from moist soil can be 
freely handled.  Sandy loam ribbons should push out between thumb and forefinger 1 to 4 times. 
 Loam – A loam is a soil that feels as if it has an even mixture of sand, silt and clay. It is 
mellow with a somewhat gritty feel, yet fairly smooth and slightly plastic.  Squeezed when dry, it 
will forms a cast that will bear careful handling, while the cast formed by squeezing the moist 
soil can be handled quite freely without breaking.  Loam ribbons should push out between thumb 
and forefinger from 4 to 8 times and the ribbon will show a slight glaze. 
 Silt loam – A silt loam has more than 50% silt, a moderate amount of the fine grades of 
sand and only a small amount of clay.  When dry it may appear cloddy, but the lumps can be 
readily broken.  When pulverized it feels soft and floury.  When wet the soil readily runs 
together and puddles.  Either dry or moist it will form casts that can be freely handled without 
breaking.  Silt loam ribbons should push out between thumb and forefinger 4 to 8 times, but will 
appear checked and will be relatively weak.  Ribbons may show a slight glaze. 
 Sandy clay loam – A sandy clay loam has more than 50% sand and approximately 30% 
clay.  Individual sand grains can be seen and felt.  Weak, dry casts can be formed and moist casts 
are strong and distinctly sticky.  Ribbons should push out between thumb and forefinger from 6 
to 12 times and show a glaze. 
 Clay loam – A clay loam has approximately 35% clay and usually breaks into clods or 
lumps that are hard when dry.  When moist, the soil is sticky and plastic and will form a cast that 
will bear much handling.  When kneaded in the hand it does not crumble readily but tends to 
work into a heavy compact mass. Ribbons will push out between thumb and forefinger 8 to 12 
times, have a glazed surface, and retain finger or thumb prints.  The ribbon is usually thin and 
will break readily, barely sustaining its own weight. 
 Silty clay loam – A silty clay loam differs from a clay loam in having less than 20% sand, 
a smoother, more floury feel, and a lesser glaze on the ribbon.  Ribbons will push out between 
thumb and forefinger 8 to 12 times.  
 Clay – A clay contains more than 50% clay-sized particles.  The soil forms very hard 
clods when dry and is very plastic and usually sticky when wet.  Ribbons will push out between 
thumb and forefinger at least 8-12 times, have a very distinct glaze, and retain distinct finger or 
thumb prints. 
 Sandy clay – A sandy clay has less than 20% silt and more than 35% clay.  The soil is 
very similar to clay but feels gritty.  Ribbons will push out between thumb and forefinger 8-12 
times, and grains will stand out from the glazed surface.   
 Silty clay – A silty clay has less than 20% sand.  Because it contains more than 40% silt, 
it is smoother to the touch and less sticky when moist than clay.  Ribbons will push out between 
thumb and forefinger 8-12 times and show a glaze.   
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For the purpose of the land judging contest, soil textures will be grouped as noted on the 

texture triangle, above, and written below. 
 

TEXTURE CLASSES 
______________________________________________________________________________ 
 
FINE  clay (C), sandy clay (SC), clay loam (CL), silty clay (SiC), silty clay loam (SiCL) 
 
MEDIUM sandy clay loam (SCL), loam (L), silt loam (SiL), silt (Si) 
 
COARSE sand (S), loamy sand (LS), sandy loam (SL) 
______________________________________________________________________________ 
 
 
 

COARSE 

MEDIUM 

FINE 
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Soil Color 
 
 Soils initially inherit the color of their parent material.  However, as soil forming 
processes continue through time, the horizons tend to develop characteristic colors. For example, 
organic matter accumulation in mineral surface horizons generally results in black or dark black-
brown colors not typically found in horizons without organic matter additions.  Red colors are 
usually associated with well-drained subsoil horizons in which the iron compounds are oxidized, 
whereas yellow colors are associated with poorly-drained soils in which the iron compounds are 
chemically reduced.  The grayest colors occur in soils that are permanently saturated or gleyed.  
In forested soils, whitish colors in upper profile horizons are often an indication of the removal 
of clay particles and organic matter by leaching, resulting in the concentration of quartz minerals. 
Whitish colors in grassland subsoil horizons are often attributed to the accumulation of lime or 
gypsum. 
 Munsell Soil Color Charts are used to describe soil colors.  
Each page contains color chips of the same hue (dominant spectral 
color), arranged vertically on a scale of 0-10 according to value 
(increasing lightness of the spectral color), and arranged 
horizontally on a scale of 0-8 according to chroma (increasing 
purity or strength of the spectral color).  The standard notation for 
soil color is written as Hue Value/Chroma, as in 10YR 5/2.    In 
this example the hue is noted as 10YR, the value as 5 and the 
chroma as 2. 
 For the purpose of the land judging contest, soil colors will 
be grouped as noted, below.  Moist soils are usually darker than dry soils; moist, crushed colors 
will be used for all horizons described in the contest.  To determine soil color, take a ped from 
the horizon being described and break it open.  Moisten the freshly exposed surface with water. 
Squeeze the ped gently to help the water penetrate; the surface should be moist but not wet.  
Open the color book to the hue page which generally approximates the color of the ped.  Stand 
with the sun shining directly over your shoulder and onto the page and soil being described.  
Place the ped behind the color chips to match color.  Please do not put soil on color chips! 
 

SOIL COLOR CLASSES 
______________________________________________________________________________ 

 
DARK    red (R) and yellow red (YR) hues with values < 3 
 
MEDIUM   red (R) and yellow red (YR) hues with values of 4 to 6 
    yellow (Y) hues with values < 5 
 
LIGHT   yellow red (YR) hues with values of  7 and 8 
    yellow (Y) hues with values > 6 
 
______________________________________________________________________________ 
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Soil Structure 
 

Soil structure refers to the aggregation of primary soil particles (sand, silt, clay) into 
clusters or aggregates, which are separated from adjoining aggregates by surfaces of weakness.  
These natural soil aggregates called peds differ from clods or fragments.  Clods and fragments 
are transient masses of soil caused by disturbance such as plowing or digging where the 
separation of a soil mass from the surrounding body of soil is along a surface created by the 
implement of disturbance.  Massive or structureless soil horizons, so named because they lack 
naturally occurring soil aggregates, are broken into clods or fragments by force of an implement 
and not between peds.  Structure is described in terms of both shape and size.  Typical shapes are 
pictured (source: http://ltpwww.gsfc.nasa.gov/globe/pvg/prop1.htm) and described below. 
 
 
 

    
 

  
   

 
 
 
 

 
 
Granular – Small spheroids with no flat surfaces.  Granular 
peds have curved surfaces that have slight or no 
accommodation to the surfaces of surrounding peds.  
Typically a surface horizon structure. 
 
 
 
 
Blocky – Peds that tend toward having 6 sides; all 3 
dimensions (height, width, depth) are of the same magnitude. 
Ped surfaces accommodate the surfaces of surrounding peds.   
Angular blocky peds have flattened surfaces with mostly 
sharp, angular vertices.  Subangular blocky peds have a 
combination of rounded and flattened surfaces with mostly 
rounded vertices.  Typically a subsoil horizon structure. 
 
 
 
 
 
Prismatic – Prism-like peds wherein the vertical dimension 
(height) is considerably greater than the other two (width and 
depth).  Vertical surfaces are well defined and the vertices are 
angular.  The tops of the peds are not rounded.  Typically a 
subsoil horizon structure. 
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Concretions, which are the result of local concentrations of compounds that irreversibly 
cement the soil particles together, are not considered soil structure.  Concretions take the form of 
hard nodules and are generally the color characteristic of the cementing compound.  For 
example, iron concretions are red-brown to yellow-brown and lime concentrations are white to 
gray.   
The size of structure refers to the size of the individual peds, described below. (1 inch = 25 

millimeters) 

 
 
Columnar – Prism-like peds wherein the vertical dimension 
(height) is considerably greater than the other two (width and 
depth).  Vertical surfaces are well defined, however, the vertices 
are somewhat rounded.  The tops of the peds are rounded like 
the top of a muffin. Typically a subsoil horizon structure. 
 
 
 
 
 
 
 
Platy – Plate-like ped wherein the horizontal dimension is 
considerably greater than the vertical.  Typically an upper 
subsoil horizon structure. 
 
 
 
 
 
 
 
 
Single grained – Each soil particle is separate from the other 
because there is insufficient clay or organic matter to bind them 
together.  Typically found in very coarse-textured soils. 
 
 
 
 
 
 
 
 
Massive – No observable aggregation or orderly arrangement of 
natural planes of weakness.  Typically a subsoil or parent 
material horizon structure. 
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SOIL STRUCTURE CLASSES  

______________________________________________________________________________ 
 
Size  Granular or Platy  Blocky     Prismatic or Columnar 
 
FINE          1-2 mm                          5-10 mm   10-20 mm 
 
MEDIUM         2-5 mm            10-20 mm                                  20-50 mm 
 
COARSE         5-10 mm                        20-50 mm                                 50-100 mm 
______________________________________________________________________________ 
 
 The shape and size of soil structure is easily identified in the field if a sample is collected 
properly.  In order to obtain a structure sample, dig back into the profile, away from the face of 
the soil pit.  This is done to avoid sampling the compressed and scoured pit wall.  Samples taken 
directly from the pit wall do not represent natural soil structure; the action of the back hoe will 
have compressed the soil such that pieces of soil pried from this surface will be flattened and 
unnaturally elongated.  Once the scoured and compressed pit wall has been removed, drive a 
probing instrument (knife or other) into the pit at a right angle and pry out a fist-sized quantity of 
soil.  Observe the size and shape of the clods which naturally separate in the hand. 
 
Slope 
 
 Slope refers to the incline of the soil surface and is an important factor in soil 
development and drainage.  For a given soil type, runoff and erosion increase as the slope 
increases.  This can result in a decrease in soil depth due to retarded soil development and/or 
removal of soil material.  Slope is expressed in percent, which is the vertical elevation change in 
feet for each 100 foot horizontal distance.  For example, the slope between two points 100 feet 
apart with a difference in elevation of 5 feet would be 5%. 
 The % slope is determined directly with an Abney level or a slope finder (see Appendix 
1, page 38).  Slope is easily measured by two persons.  One person, using either instrument, 
sights in on the other person at the spot that corresponds to the height of the user’s eye.  The 
persons measuring slope must be far enough apart to be sure they have covered a representative 
portion of the slope, but do not need to be any prescribed distance from each other. 
 
Internal Drainage 
 

Internal drainage refers to the ease with which water can move through the soil profile.  
Internal drainage may be affected be several factors such as texture, structure, bedrock, or high 
water table.  Soils with weak structure are less permeable than similarly textured soils with 
moderate or strong structure.  Compact layers, or structureless or massive horizons, will restrict 
the flow of water. 
 The effect of soil texture is modified somewhat by the shape and size of structure, 
however, the ability of water to move through the soil profile will usually decrease as the 
percentage of finer particles increases. 
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INTERNAL DRAINAGE CLASSES 
______________________________________________________________________________ 
 
NONE-VERY SLOW  No free water passes through the soil.  Water table is at or near the  
    surface most of the year.  Soil textures are variable. 
 
SLOW Saturation with water occurs for a period of a week or two, 

adversely affecting the roots of many crops.  Drainage is too slow  
 for optimum growth of important crops.  Soil may have a shallow, 
 seasonally high water table. Soil may have a clay or silty clay 

texture in conjunction with > 19 inches annual precipitation or 
irrigation. 

 
MEDIUM Saturation with water is limited to a few days, less time than would 
 cause injury to crop roots.  Free of mottling throughout the A and 

all or most of the B horizons. 
 
RAPID Saturation with water is restricted to a few hours.  Drainage is too 

rapid for optimum growth of important crops.  Lacks a water table 
and has sand or loamy sand soil texture. 

 
______________________________________________________________________________ 
 
Erosion 
 
 Soil erosion is determined by the amount of the original surface soil removed by either 
wind or water.  Evidence of wind erosion includes the pedestalled appearance of plants resulting 
from deflation of surrounding soil, soil accumulation on the windward side of plants, presence of 
small dunes, and the occurrence of soil deposits around fence posts and other obstructions.  
Evidence of water erosion includes the pedestalled appearance of plants resulting from splashing 
of surrounding soil into crowns of plants, pedstalling of rock fragments, soil and debris deposits 
against minor obstructions, and the presence of rills and gullies.   
 

SOIL EROSION CLASSES 
______________________________________________________________________________ 
 
SLIGHT There is little or no evidence of soil movement.  Plants and rocks show 

little to no evidence of pedestalling.  Gullies are absent. 
 
MODERATE Litter is deposited against rocks and plant crowns.  Small rock and plant 

pedestals are present.  Rills ½ to 6 inches deep are present at > 10 foot 
intervals.  Gullies are present and eroding along < 10% of their length. 

 
SEVERE Soil is deposited against rocks and plant crowns.  Most rocks and plants 

are pedestalled and plant roots may be exposed.  Rills 3 to 6 inches deep 
may be present at <5 foot intervals.  Gullies are numerous, well-developed 
and eroding along > 50 % of their length. 

______________________________________________________________________________ 
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Effective Soil Depth 
 
 Effective soil depth refers to the total thickness of surface, subsoil and parent material 
that is favorable for root development. Therefore, it is measured as either the depth to an 
impenetrable layer or pit depth, if such layer is not evident. The roots of the plants growing at a 
given site may not be a satisfactory indicator of effective soil depth as the plants may naturally 
have shallow root systems.  Soil depth classes, in inches, are:  VERY SHALLOW (<10), 
SHALLOW (10-20), MODERATELY DEEP (20-40), DEEP (40-72) and VERY DEEP (>72). 
 
Problems Affecting Use 
 

Any condition that limits or interferes with plant growth, or requires some special 
practice or treatment in order to render the land suitable for agricultural practices, is considered a 
problem affecting use.  These problems also affect the Land Capability Classification.  The 
following is a list of common problems affecting agricultural land use. 
 Rooting depth - Rooting depth is an important factor in plant growth because it 
determines the volume of soil which holds water and soil nutrients.  Bedrock, cemented and 
massive (structureless) soil horizons with clay or silty clay textures limit the depth to which plant 
roots can extend.  Rooting zones less than 2 feet deep limit production of many plant species. 
 Surface soil texture – Texture is a key factor in the erodibility of soil.  Sand, loamy sand 
and sandy loam surface textures on fields with unsheltered distances of > 300 yards are 
susceptible to wind erosion; silt loam, silty clay loam, clay loam, clay or silty clay surface 
textures on fields with > 5% slopes are susceptible to water erosion.  
 Erosion - Soil texture, soil structure (aggregate size and stability), infiltration capacity, 
and permeability are soil factors that influence soil erodibility.  Site factors which influence 
erodibility include such factors as degree of slope, length of slope, and unsheltered distance 
across the site. For contest purposes, erosion should be considered if moderate to severe erosion 
exists on the site. 
 Stoniness – Stoniness influences infiltration, runoff and moisture storage.  Fifteen to 20% 
of the soil volume should be occupied by fragments larger than coarse sand before stoniness is 
identified as a problem. 
 Poor drainage – Drainage is considered problematic when the root zone is saturated 
during the growing season for days-weeks.  Poorly drained soils exhibit gray colors and mottles 
(spots of color that differ from the color of the soil matrix) in the saturated zone.  For contest 
purposes, poor drainage should be considered if there is evidence of a water table within 2 feet of 
the soil surface. 
 Seasonal flooding – Seasonal flooding refers to land that may be inundated during 
periods of the year when stream flow is high.  Proximity to streams and elevation above the 
streambed should be considered when determining if seasonal flooding is a problem.  For contest 
purposes, flooding should be considered when more frequent than one year out of two. 
 Saline-alkali – High salinity and/or alkalinity is a condition where the soluble salt content 
of the soil is so high it interferes with nutrient availability and soil water uptake.  For contest 
purposes, saline-alkali should be considered  if evidence of salt accumulations occur on the soil 
surface, > 5% by volume of salts occur within the upper 3 feet of the soil, or where electrical 
conductivity (EC) > 8. 
 Available soil water – Soils that have an available soil water problem generally have 
either low water holding capacity, or are associated with droughty environmental conditions.  
For contest purposes, < 19 inches of precipitation, sand or loamy sand textures, or >50 by 
volume rock fragments throughout the soil profile, should be considered problematic. 
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Land Capability Classification 
 

The Land Capability Classification is a grouping of soils that are similar with respect to 
selected characteristics that determine their suitability for most agricultural uses.  The grouping 
is based on problems affecting use (limitations), the risk of damage when used, and how the soils 
respond to conservation treatment.  There are 8 capability classes, designated by Roman 
numerals.  Class I soils have the fewest limitations, the lowest risk of damage when used and the 
widest range of agricultural land use.  Soils in other classes have progressively greater 
limitations.  Class VIII soils have severe limitations, are subject to severe damage if cultivated, 
and do not produce worthwhile yields of crops, forage or wood.  Classes I – IV are considered 
suitable for cultivation and classes V-VIII are not (see exception class VI).  Following is a brief 
definition of each class. 
 Class I – Land subject to no, or very slight, limitations in use or risks of damage when 
cultivated; land that is suited for intensive cropping use, such as production of corn and other 
intertilled crops.  It is level or nearly level land with deep, productive, easily worked soils and is 
not subject to more than slight wind or water erosion.  It can be cultivated safely with ordinary, 
good farming methods.  

Class II – Land subject to moderate limitations in use or moderate risks of damage when 
cultivated. Limitations such as gentle slope, slight erosion hazard, or moderate wetness reduce 
the choice of crops or require moderate conservation practices that are easy to apply. 
 Class III – Land subject to severe limitations in use or severe risks of damage when 
cultivated; land that can be used regularly for crops in rotation, but needs intensive treatment.  
Limitations such as moderately steep slope, slow subsoil permeability or shallow rooting depth 
reduce the choice of crops or require intensive conservation practices that are more difficult to 
apply.   
 Class IV – Land subject to very severe limitations in use or very severe risks of damage 
when cultivated; land that is best maintained in perennial vegetation such as pasture or hay but 
can be cultivated with very careful management.  Limitations such as steep slopes, inherent 
erodibility and adverse climate require intensive conservation practices if the land is cultivated. 
 Class V – Land suited for permanent vegetation, grazing or forestry with few or no 
limitations in use or risks of damage.  Cultivation is not feasible because of one or more 
limitations such as permanent wetness or stoniness.  The land is nearly level and not subject to 
wind or water erosion. 
 Class VI – Land subject to moderate limitations or moderate risks of damage when used 
for grazing or forestry.  Limitations such as erodibility, shallow rooting depth, excessive wetness 
or droughtiness require careful management.  Some Class VI land can be tilled just enough to 
establish pastures; some can be used for tree crops if permanent cover is maintained; some may 
be cultivated if slope is the exclusive limitation and terraces are installed. 
 Class VII – Land subject to severe limitations or severe risks of damage when used for 
grazing or forestry.  It is very steep, eroded, rough, shallow, dry, swampy or otherwise limited, 
but can be used for grazing or forestry if handled with great care. 
 Class VIII – Land that has limitations that make it unfit for cultivation, grazing or 
forestry.  It is suited for wildlife, recreation or aesthetic uses.  It includes such areas as marshes, 
deserts, badlands and high mountain land. 
 For the purposes of the contest, Land Capability Class will be determined using the 
limited number of criteria included on the table, following page.  Soils are assigned to the most 
restrictive class meeting any of the considered characteristics.  Present land use should not be 
considered an indicator of capability class 
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Determination of Land Capability Class 

 
 

                     *Climate 
 
 

       Precipitation/       
        Evaporation                                    Frost-free Growing Season (days)                
            Index                                                    

                                            >140      120-140     100-120       70-100         <70 
 

      IRR OR >44 
         31-44 

         25-31 
            19-25 
            13-19 
          < 19 
 
 

Land 
Capability 

Class 

Minimum 
Rooting 
Depth 
(in) 

Surface 
Soil 

Texture 

Maximum Coarse 
Fragments 
< 3 inches 

(%) 

Maximum Coarse 
Fragments 
> 3 inches 

(%) 

Maximum
Slope 

 
(5) 

Climate 

* 

 
I 

 
60 

CL, 
SiCL, 

SCL, L 
SiL, SL 

 
15 

 
0.01 

 
1 

See 
table 
below 

 
II 

 
40 

Above, 
plus C, 
SiC, LS 

 
35 

 
0.1 

 
3 

 

 
III 

 
20 

Same 
as 

above 

 
35 

 
1.0 

 
6 

 

 
IV 

 
20 

Same 
as 

above 
plus S 

 
65 

 
3.0 

 
12 

 

V 40 Any 65 15 5  

VI 10 Any 65 15 25  

VII 4 Any 95 95 65  

VIII 0 Any 100 100 Any  

       

I II III IV V 
II II III IV VI 
III III III IV VI 
IV IV IV IV VI 
VI VI VI VI VI 
VII VII VII VII VII 
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Recommended Land Use 
 

Land use is closely associated with the Land Capability Class, but is not directly related 
to any specific class.  Please see the preceding section for suggested land use.  For the purposes 
of the contest, recommended land use is the most intensive use for which the land is suited, 
regardless of its present use. 
 
Recommended Conservation Practices 
 

The treatments and conservation practices selected should be in response to the 
identification of the problems affecting use, and are selected in order to work the land without 
risk of damage for its most intensive use.  Only practices physically adaptable to the land under 
consideration should be selected. 
 Grass waterways – Grass waterways are established for the orderly removal of runoff 
water.  They are applicable to shallow, broad, natural waterways since their purpose is to spread 
water over a relatively broad bed in order to prevent erosion, particularly gullying.  Grass 
waterways are used in Class III and IV land where slope is the limiting factor. 
 Contour tillage – Contour tillage reduces runoff and erosion.  It is applicable where soils 
that are not highly erodible occur on moderate slopes.  Contour tillage is usually applied on 
slopes of  3 to 12 %. 
 Contour strips – Contour strips are used when the erosion hazard due to soil or slope is 
too great to control by contour tillage alone.  They leave part of the land covered by plants or 
plant residues that retard runoff.  Contour strips are usually applied on slopes of 6 to 12 %. 
 Wind strips – Wind strips are designed to reduce the length of sweep of the wind across 
soil susceptible to blowing.  Such strips are generally located perpendicular to the prevailing 
wind during the most vulnerable season.  If properly spaced, wind strips do not need to be at 
right angles to the prevailing winds.  On highly erodible soils, other practices that provide cover 
or roughen the soil surface are needed in conjunction with wind strips. 
 Field strips – Field strips serve the same purpose as contour strips.  They are used on land 
with irregular slopes that prohibit the use of contour strips.  Field strips are placed approximately 
perpendicular to the slope and permit farming of strips of equal width. 
 Terraces or diversions – Terraces are required on land where erosion cannot be 
controlled by contour or field strips.  Terraces may also be used to conserve water by holding it 
on the field.  Diversions are used primarily to prevent excessive runoff from overflowing low-
lying land.  Terraces are applied on land with slopes of 12 to 25%.  
 Land drainage – Land that holds water in the root zone for periods long enough to 
damage growth of most crops are improved with drainage.  The land must be physically situated 
where drainage is feasible, and the economics of installing a drainage system should be 
considered. 
 Land leveling – Land is leveled in order to improve irrigation water distribution.  It 
should be physically feasible to level the land in question.  Land leveling can be applied to areas 
where slopes are 1- 3%. 
 Mow pasture – Pasture mowing is recommended where the density and size of weeds is 
such that desirable grass species are being reduced. 
 Establish cover – The establishment of cover is necessary to control erosion on land not 
suitable for cropping or on pasture land that has been misused. 
 Retain crop residues on surface – Retaining crop residues on the soil surface is one of the 
most effective means of reducing wind and water erosion.  It is a desired practice on both 
irrigated and dryland fields where soils are susceptible to erosion. 
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Eradicate brush or weeds – Eradication of brush or weeds is applied to rangelands where 

more productive forage is desired. 
 Timely tillage – Timely tillage is related to the soil water content. Tillage of wet soil 
damages soil structure; tillage of very dry soil makes seedbed preparation difficult.  This is 
particularly true if the soil texture is fine. 
 Organic matter maintenance – Organic matter loss results in physical and chemical 
deterioration of the soil, and is the natural consequence of cultivation and crop removal.  
Reduced till, minimum till and no till practices reduce organic matter losses by leaving crop 
residue to decompose.  Where feasible, the use of legumes or green manure crops is a desirable 
practice to retard excessive loss of organic matter.  
 Proper grazing use – The management of range sites is required to maintain a desirable 
balance of plant species, and to maintain cover to prevent erosion. 
  
Irrigation Methods 
 
 Methods of applying irrigation water are dependent on soil, slope and type of crop.  One 
or more methods may be suited to the existing field conditions. 
 Sprinkler – Sprinkler irrigation is adaptable to all slopes suitable for cultivation.  For the 
most efficient use of sprinklers, and to prevent erosion, the infiltration rate of the soil should be 
greater than the application rate of the water. 
 Level border (basin) – Level border irrigation is restricted to land with slopes not greater 
than 0.1%.  This method is well adapted to close-growing crops or orchards.  It is also good for 
controlling salinity and alkalinity and reclamation of saline-sodic soils. 
 Border – Border irrigation is applicable to cultivated soils on 1-3% slopes.  This method 
requires leveled land with uniform grade down slope.  It is well adapted to close growing crops.  
Hay and grain can be irrigated on slopes up to 3%.  Established pasture can be irrigated on slopes 
up to 6%. 
 Furrow – Furrow irrigation is the most common method used for row crops.  It is adapted 
to all row crops, orchards and vineyards on gentle slopes if intake rates are not too high.  If 
furrows run down the slope, erosion may be a problem.  This method is best suited to slopes of 
1-3%. 
 Contour furrow – The use of contour furrow irrigation is recommended on land with 
slopes of 3-6%.   
 Contour ditch – Contour ditches are used for close-growing crops on sloping or rolling 
land with 6-10% slopes.   
 
Fertilizer Recommendations 
 
 Fertilizer recommendations are made on the basis of crop type, desired yield and soil test 
values.  Recommendations for selected crops are included on the following pages.  Yield goal for 
the designated crop, and soil test values for soil organic matter (SOM), nitrogen (N), phosphorus 
(P), potassium (K) will be given at the time of the contest.   
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FERTILIZER RECOMMENDATIONS FOR 
IRRIGATED ALFALFA AND 

NON IRRIGATED ALFALFA (WITH YIELD POTENTIAL OF >3 T/A) 
 
 

Nitrogen 
_____________________________________________________________________________ 
Soil Test  New  Seedling   Established stand or new seedling 
  NO3-N            with cover crop   without cover crop    
   
  (ppm)                     (lbs/A fertilizer N)                                 (lbs/A fertilizer N)   
________                 _______________                    ______________________________ 
    0-3    40     0 
    4-6    20     0 
    >6    0     0     
_____________________________________________________________________________ 
                       
 

Phosphorus 
______________________________________ 

Soil Test P                                Fertilizer P 
 

    (ppm)                                   (lbs/A P2O5) 
__________                               ____________ 

0-3                                             200 
4-7                                             150 
8-11                                            100 

12-15                                               50 
> 15                                              0 

______________________________________ 

 
 

Potassium 
 

______________________________________ 
Soil Test K                                Fertilizer K 

 
    (ppm)                                   (lbs/A K2O) 

__________                               ____________ 
0-60                                            200 

61-120                                         100 
> 120                                            0 

______________________________________ 
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FERTILIZER RECOMMENDATIONS FOR 
IRRIGATED CORN, SORGHUM AND SUDAN 

 
Nitrogen* 

________________________________________________________________________ 
          Soil Test                                             Soil Test  %  Soil Organic Matter 
           NO3-N                        0-0.5         0.6-1.0         1.1-1.5         1.6-2.0          >2.0  
 
            (ppm)                                                            (lbs/A fertilizer N) 
       ________                      _____________________________________________________ 
  0-6   250  235  220  205  190 
 7-12   220  205  190  175  160 
 13-18   190  175  160  145  130 
 19-24   160  145  130  115  100 
 25-30   130  115  100    85    70 
 31-36   100    85    70    55    40 
 37-42     70    55    40     0     0 
 43-48     40     0     0     0     0 
 > 48      0     0     0     0     0 
        ________________________________________________________________________  

*Adjust N recommendation for yield goal other than 150 bu grain or 30 T silage:  Add or subtract  
40 lbs per 25 bu grain or 10 T silage difference.  Maximum N recommendation is 300 lbs/A. 

 
Phosphorus 

______________________________________ 
Soil Test P                                Fertilizer P 

 
    (ppm)                                   (lbs/A P2O5) 

__________                               ____________ 
0-3                                            80 
4-7                                             50 
8-11                                           30 
> 11                                             0 

______________________________________ 

 
 

Potassium 
 

______________________________________ 
Soil Test K                                Fertilizer K 

 
    (ppm)                                   (lbs/A K2O) 

__________                               ____________ 
0-60                                           60 

61-120                                          40 
> 120                                            0 

______________________________________ 
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FERTILIZER RECOMMENDATIONS FOR 
IRRIGATED GRASS, GRASS-LEGUME HAY, PASTURE, MOUNTAIN MEADOWS 

 
Nitrogen* 

___________________________________________________________________________  
Soil Test Grass  Grass-legume  Legume-grass  High Elevation 
  NO3-N    (>75% grass)       (25-75% legume)         (>75% legume)         Mountain Meadow  
 
   (ppm)                                                               lbs/A fertilizer N 
_______    __________________________________________________________________ 
0-6  200   150   0   120 
7-12  180   130   0   100 
13-18  160   120   0     80 
19-24  140   100   0     70 
25-30  120    90   0     60 
31-36  100    70   0     50 
37-42    80    60   0     40 
  >42    60    40   0       0 
___________________________________________________________________________ 
*Adjust recommendation for yield goal different from 4T:  Add or subtract 40 lbs N per ton of forage difference. 

 
 
 

Phosphorus 
______________________________________ 

Soil Test P                                Fertilizer P 
 

    (ppm)                                   (lbs/A P2O5) 
__________                               ____________ 

0-3                                            80 
4-7                                             60 
8-11                                           40 
> 11                                             0 

______________________________________ 

 
 

Potassium 
 

______________________________________ 
Soil Test K                                Fertilizer K 

 
    (ppm)                                   (lbs/A K2O) 

__________                               ____________ 
0-60                                           60 

61-120                                          40 
> 120                                            0 

______________________________________ 
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FERTILIZER RECOMMENDATONS FOR 
DRYLAND WINTER WHEAT AND OTHER SMALL GRAINS 

 
Nitrogen* 

________________________________________________________________________ 
          Soil Test                                             Soil Test  %  Soil Organic Matter 
           NO3-N                                             0-1.0         1.1-2.0          >2.0 
       
            (ppm)                                                         (lbs/A fertilizer N) 

________________________________________________________________________ 
 0-3     75  75  75 
 4-6     75  70  60 
 7-9     75  55  40 
 10-12     65  40  25 
 13-15     50  25  10 
 16-18     35  10    0 
 19-21     30    0    0 
  > 22       0    0    0 
      ________________________________________________________________________ 
*Adjust N recommendation for yield goal different than 50 bu grain:  Add or subtract 25 lbs N per 10 bu 

grain difference.  Maximum N recommendation is 75 lbs/A. 

 
 

Phosphorus 
______________________________________ 

Soil Test P                                Fertilizer P 
 

    (ppm)                                   (lbs/A P2O5) 
__________                               ____________ 

0-3                                            40 
4-7                                            20 

   > 7                                             0 
______________________________________ 

 
Potassium 

 
______________________________________ 

Soil Test K                                Fertilizer K 
 

    (ppm)                                   (lbs/A K2O) 
__________                               ____________ 

0-60                                           30 
> 60                                            0 

______________________________________ 
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ZINC RECOMMENDATIONS*  
 

_______________________________________________________________ 
                  Soil Test  Zn                                        Irrigated                          Dryland 

 
                        (ppm)                                                        lbs/A fertilizer Zn 
                _____________                     _______________________________________              

 
                                                   Sensitive Crops 

                                                    (corn, sorghum, sudan, beans, potatoes) 
0-0.9     10    5 
1.0-1.5      5    0 
> 1.5       0    0 

 
                                                       Other Crops 

0-0.5      5    0 
> 0.5      0    0 

 _______________________________________________________________ 
*Following sugarbeets, change soil test categories for sensitive crops 

to 0-1.4, 1.5-2.2, and >2.2 ppm. 
 
 
 
 

IRON RECOMMENDATIONS* 
                   _____________________________________________________________ 
                        Soil Test Fe                                           Iron Recommendation 

                                                    Fe Sensitive Crops Only 
           (ppm)                                    (corn, sorghum, sudan, beans, potatoes) 

                    ____________                   _______________________________________ 
                             0-3.0         Soil is deficient in available Fe and corrective 

                                             application will likely be beneficial 
             3.1-5.0                            Soil is marginally deficient in available Fe and 

                                                     application may or may not be necessary 
                             >5.0                    No Fe fertilization is required                                                                  
                ____________________________________________________ 

*Soil application of iron is generally not effective in Colorado because of the pH 
              of many Colorado soils. Where required, the deficiency is best corrected by spraying the  

            crop with a 2% ferrous sulfate solution (1% for potatoes) at the rate of 20-30 gallons/A  
                beginning  10-15 days after emergence.  Repeat applications at 10 day intervals may be required   

if yellowing of foliage persists.  A 2% solution is prepared by adding 16 lbs of iron sulfate 
(which is 20% Fe) to 100 gallons of water.  Surfactant should be added to the solution. 
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SOLUBLE SALT INTERPRETATIONS 

 
 

             ________________________________________________________________ 
Crop    Low  Moderate  High 

                                     Electrical Conductivity 
                                             (mmhos/cm) 

                                                                        _________________________________________ 
               Sensitive 
                   pinto beans, 
                   potatoes                          0-2.5            2.6-5.0          >5.0 

 
               Moderately tolerant 
                    corn, sugarbeets, 
                    millet, oats, 
                    alfalfa seeding 
                    all grasses                                      0-4.0            4.1-8.0          >8.0 

 
               Tolerant 
                    sorghum, barley, 
                    wheat, sudangrass, 
                    established alfalfa, 
                    forage sorghum x sudan          0-6.0           6.1-12.0         >12.0 
               _____________________________________________________________________ 
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HOMESITE EVALUATION 
 

 In this exercise, the soil is evaluated to determine its limitations for use as a homesite.  
Limitation ratings will be determined for building foundations, landscaping, septic system absorption 
fields, and sewage lagoons.  Limitations are defined as: 
 Slight – Soils or locations that have properties favorable for the planned use.  Good 
performance and low site maintenance can be expected. 
 Moderate – Soils or locations have properties moderately favorable for the planned use.  
Limitations may be overcome or modified with special planning, design or maintenance.  Special 
treatment of the site may be necessary for the desired use. 
 Severe – Soils or locations have one or more properties unfavorable for the planned use.  
Limitations are very difficult and expensive to modify or overcome for the desired use.  A severe 
rating does not mean the soil cannot be considered for the intended use, but indicates significant inputs 
are required to overcome soil limitations.   
 Very severe – Soils or locations have one or more features so unfavorable for a particular use 
that overcoming the limitations is very difficult and extremely expensive.  In general, soils receiving 
this rating should not be considered for the intended use. 
 Nine soil and site properties are evaluated to determine an overall limitation rating for the soil.  
The student will notice that many of the properties used to determine urban land use are also important 
for evaluation of agricultural use.  Although the properties are the same, criteria for evaluation may 
differ, as the following discussion indicates. 
 
Surface soil texture 
 

Surface soil texture is a criterion in evaluating suitability for building foundations and 
landscaping, but is not a criterion for sewage lagoons or septic systems as they are dug below the 
surface.   Please refer to the discussion regarding determination of soil texture on pages 4 and 5.   
 

TEXTURE CLASSES 
______________________________________________________________________________ 
 
FINE  clay (C), sandy clay (SC), clay loam (CL), silty clay (SiC), silty clay loam (SiCL) 
 
MEDIUM sandy clay loam (SCL), loam (L), silt loam (SiL), silt (Si) 
 
COARSE sand (S), loamy sand (LS), sandy loam (SL) 
______________________________________________________________________________  
 
 FINE textures have severe limitations for all uses but sewage lagoons.  The soil is sticky when 
wet, hard when dry and is therefore difficult to work when used for flower beds and gardens.  The soils 
crack when dry, swell when wet, and require frequent and low watering rates for optimal plant growth. 
            MEDIUM textures have none to slight limitations for all uses.  Care should be exercised during 
construction to be sure this soil remains as topsoil and is not covered by less desirable (i.e. subsoil) 
material. 
            COARSE textures have moderate limitations for building foundations and landscaping.  Wind 
and water erosion may be a problem during construction.  The soil may require additions of organic 
material to stabilize the soil and to improve moisture and nutrient holding capacities for optimal plant 
growth.   
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Permeability 
 
 Permeability (internal soil drainage) refers to the ease with which water moves through the soil 
and, therefore, is an important factor in deciding between a septic tank or sewage lagoon for effluent 
disposal.  It is generally not considered a criterion for building foundations. 
 

PERMEABILITY CLASSES 
__________________________________________________________________________________ 

 
VERY SLOW Sandy clay, silty clay, and clay subsoils are plastic and sticky when wet and very 

hard when dry (<0.06 in/hr) 
 
SLOW Clay loam, sandy clay loam and silty clay loam subsoils, often with subangular 
 blocky or massive structure (0.06-0.6 in/hr) 
 
MODERATE Sandy loam, loam, silt loam and silt subsoils with weak prismatic to blocky 

structure (0.6-2.0 in/hr) 
 
RAPID Sand and loamy sand subsoils (>2 - <6 in/hr) 
__________________________________________________________________________________ 
 
 VERY SLOW permeability results in very severe limitations for septic tank absorption fields.  
Septic systems are generally not recommended. Limitations are severe for landscaping and none to 
slight for sewage lagoons. 
 SLOW permeability results in severe limitations for septic tank absorption fields.  Problems are 
similar to the very slowly permeable soils but the modifications required for use are less intense.  
Limitations are moderate for landscaping and none to slight for sewage lagoons. 
 MODERATE permeability results in moderate limitations for both septic tank absorption fields 
and sewage lagoons.  Limitations are none to slight for landscaping. 
 RAPID permeability results in slight limitations for septic systems, as the effluent moves so 
rapidly it is not filtered adequately.  Limitations are severe for sewage lagoons due to seepage.  
Limitations are moderate for landscaping. 
 
 
Soil depth 
 

Soil depth refers to the vertical depth of surface plus subsoil plus any underlying material to a 
consolidated material that would restrict root penetration or inhibit excavation.  Consolidated material 
may be either geologic, such as shale bedrock, or pedogenic, such as caliche.   
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SOIL DEPTH CLASSES AND LIMITATIONS 
______________________________________________________________________________ 
   Depth           Building         Landscaping     Septic       Sewage 
                                      (in)         Foundations      Systems     Lagoons 
______________________________________________________________________________ 
VERY SHALLOW  <10         Very Severe      Very Severe      Very Severe        Very Severe 
 
SHALLOW  10-20                Severe               Severe          Very Severe        Very Severe 
 
MODERATELY 
        DEEP  20-40             Moderate           Moderate            Severe                Severe 
 
DEEP  40-72         None-Slight       None-slight         Moderate            Moderate 
 
VERY DEEP   >72             None-Slight       None-Slight       None-Slight       None-Slight  
______________________________________________________________________________ 
 
 
 Slope   
 
       Slope refers to the inclination of the soil surface, and has a direct influence on site drainage. 
Please see the discussion regarding how slope is measured on page 10 of the previous section.  
 

SLOPE CLASSES AND LIMITATIONS 
______________________________________________________________________________ 
   Slope           Building         Landscaping     Septic       Sewage 
                                      (%)         Foundations      Systems     Lagoons 
______________________________________________________________________________ 
  
NEARLY LEVEL-  
   GENTLE          0-3             None-slight       None-slight        None-slight       None-slight 
 
MODERATE    3-5             None-slight       None-slight        None-slight          Moderate 
 
STRONG    5-8             None-slight       None-slight        None-slight          Moderate 
 
STEEP                          8-15              Moderate          Moderate           Moderate              Severe 
 
VERY STEEP    >15                Severe                Severe               Severe                Severe 
 
______________________________________________________________________________ 
 
Erosion 
 
       There are a number of problems associated with soil erosion in urban environments, the most 
obvious of which is the removal of desirable topsoil material.  In addition, wind erosion may result in a 
temporary decrease in air quality and the deposition of eroded soil in undesirable locations.  Water 
erosion may result in the deposition of sediment in storm drainage areas or adjacent streams, causing 
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sedimentation in those systems or a decrease in water quality.  Severe water erosion creates rills and 
gullies that impose additional limitations to septic systems, landscaping and other uses.   

 
SOIL EROSION CLASSES 

__________________________________________________________________________________ 
 
NONE-SLIGHT There is little or no evidence of soil movement.  Plants and rocks show little to 

no evidence of pedestalling.  Gullies are absent. 
 
MODERATE Litter is deposited against rocks and plant crowns.  Small rock and plant 

pedestals are present.  Rills ½ to 6 inches deep are present at > 10 foot intervals.  
Gullies are present and eroding along < 10% of their length. 

 
SEVERE Soil is deposited against rocks and plant crowns.  Most rocks and plants are 

pedestalled and plant roots may be exposed.  Rills 3 to 6 inches deep may be 
present at <5 foot intervals.  Gullies are numerous, well-developed eroding 
along > 50 % of their length, and are > 100 feet apart. 

 
VERY SEVERE Frequent, uncrossable gullies are present.  Blow-outs may be numerous and 

deep. Wind deposits may be present. 
__________________________________________________________________________________ 
 
       SLIGHT to MODERATE erosion results in none to slight limitations for all uses.  SEVERE 
erosion results in moderate limitations and VERY SEVERE erosion results in severe limitations for all 
uses. 
 
Surface runoff 
        
        Surface runoff occurs when the amount of water at the soil surface exceeds what the soil is 
capable of absorbing.  Runoff is obviously related to other factors such as permeability and slope.  It is 
an important criterion in homesite evaluation as runoff from adjacent areas onto a building site 
increases the probability of ponding around building foundations.  Surface runoff is not a criterion for 
sewage lagoons because they are protected from outside water. 
 

SURFACE RUNOFF CLASSES 
______________________________________________________________________________ 
 
SLOW Occurs on 0-3% slopes and coarse textured soils. 
 
MODERATE May occur on 3-5% slopes where soils are not coarse textured. 
 
RAPID Usually occurs on >5% slopes where soils are not coarse textured. 
______________________________________________________________________________ 
 
        SLOW runoff results in severe limitations for building foundations and septic tank absorption 
fields, and may require modifications to the design of each.  Limitations are none to slight for other 
uses. 
        MODERATE runoff results in none to slight limitations for all uses. 
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        RAPID runoff results in severe limitations for landscaping and requires careful maintenance to 
prevent erosion.  Limitations are none to slight for building foundations and septic tank absorption 
fields. 
 
Shrink-swell 
         
        Shrinking and swelling is a characteristic of soils that contain an abundance of a particular type 
of clay mineral called smectite.  Unlike other clay minerals, smectites have a 3-layer lattice structure 
that enables them to trap water molecules.  As they take on these water molecules, they swell to many 
times their original size, shrinking back to their original size when the water is removed.  These 
shrinking and swelling cycles cause significant damage to building foundations, roads, sidewalks and 
other structures.  Smectite is the dominant clay mineral in Colorado soils, therefore, good predictions 
about the shrink-swell capacity of a Colorado soil can be made using soil texture.  The horizon having 
the most clay should be considered when determining shrink-swell limitations.  Maximum clay content 
is usually found in the subsoil.  
 

SHRINK-SWELL CLASSES AND LIMITATIONS 
______________________________________________________________________________ 
 
Limitation  Rating                                            Shrink-Swell Class 
______________________________________________________________________________ 
None-slight                   low (sand, loamy sand and sandy loam soils) 
 
Moderate       moderate (loam, silt loam, silt, clay loam, sandy clay loam  
                                                                   and silty clay loam soils)       
 
Severe                    high (sandy clay, silty clay and clay soils) 
______________________________________________________________________________ 

 
Water table 
 
        The presence and depth to a water table is a function of many soil factors, including permeability, 
but is more a function of seasonality of precipitation and landscape position.  Water tables should be 
evaluated on the basis of depth to and duration of the seasonally high level.  Unless apparent, water 
table depth is given at the time of the contest. 
 

WATER TABLE CLASSES AND LIMITATIONS 
______________________________________________________________________________ 
   Limitation                    Building                 Landscaping               Septic                     Sewage 
       Rating                   Foundations                                                 Systems                  Lagoon 
______________________________________________________________________________ 
 
       Slight                          >30”                         >24”                        >72”                       >60” 
 
    Moderate                     18-30”                      12-24”                      48-72”                   40-60” 
 
     Severe                          <18”                         <12”                        <48”                       <40 
______________________________________________________________________________ 
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Flooding 
 
        As an undeveloped area becomes urbanized and the natural land surface is “sealed” with asphalt 
or concrete, surface runoff increases dramatically.  If the urbanized area is in close proximity to a 
floodplain, the flood hazard may also increase.  Landscape position and proximity to streams are flood 
hazard indicators.  Unless apparent, flood information is given at the time of the contest.   
        NO flooding results in none-slight limitations for all uses. 
        RARE-OCCASIONAL flooding is considered less frequent than one year out of every two.  
Limitations are severe for building foundations, moderate for septic tank absorption fields and none-
slight for landscaping and sewage lagoons. 
        FREQUENT flooding is considered more frequent than one year out of every two.  Limitations 
are severe for all uses.  
 
 
 
 
        In the overall limitation rating of each homesite land use, the student should understand 
that the final evaluation cannot be less restrictive than the degree of limitation for any single soil 
or site property. 
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SOIL SURVEY 
 

          In this exercise, the student is expected to demonstrate a working knowledge of the use and 
content of soil surveys. Area soil surveys are a readily available source of basic soil information 
including soil types, their location, and interpretations for various land uses.  Persons involved in any 
aspect of land use and land management can benefit from the basic information presented in soil 
surveys.  All the information requested in this exercise is included in the soil survey text or tables.  
Although the soil survey “Table of Contents” gives adequate direction to where the requested 
information can be found, prior acquaintance with the organization of a soil survey is invaluable to the 
student.  Each student will be given a copy of the soil survey at the time of the contest.  The soil to be 
considered for the exercise will be clearly marked on posted map sheets at the contest site. 
 
Legal description 
         Land is a valuable commodity and, in order to legally treat it as such, a method of separating 
and clearly describing parcels is necessary.  A legal description of a land parcel is required for 
practically every deed and mortgage in order to fix the boundaries of the property that is being bought, 
sold, mortgaged, leased or transferred.  In addition to real estate transactions, legal descriptions are 
used as a method of getting to an area of interest when a street address is either insufficient or 
unavailable.                        
          Legal descriptions include references to a grid of lines that have been laid out over almost the 
entire US.  This grid includes Range lines (north-south lines six miles apart), and Township lines (east-
west lines that are also six miles apart) that, along with the intersecting range lines, form townships 36 
mi2 in size.  Each township contains 36 Sections, each 1 mi2 in size.  There is a uniform numbering 
system to sections, beginning with Section 1 in the northeast corner of the township and ending with 
Section 36 in the southeast corner.  The figure, below, illustrates the section numbering system in four 
adjacent townships for an area in northeastern Colorado.   

                                                                     

6 5 4 3 2 1 6 5 4 3 2 1 
7 8 9 10 11 12 7 8 9 10 11 12 
18 17 16 15 14 13 18 17 16 15 14 13 
19 20 21 22 23 24 19 20 21 22 23 24 
30 29 28 27 26 25 30 29 28 27 26 25 
31 32 33 34 35 36 31 32 33 34 35 36 
 6 5 4 3 2 1 6 5 4 3 2 1 
7 8 9 10 11 12 7 8 9 10 11 12 
18 17 16 15 14 13 18 17 16 15 14 13 
19 20 21 22 23 24 19 20 21 22 23 24 
30 29 28 27 26 25 30 29 28 27 26 25 
31 32 33 34 35 36 31 32 33 34 35 36 

          Legal descriptions are written in a format that includes 1) the part of the section, 2) the section 
number, 3) the township row, 4) the range column and 5) the principal meridian number.  For the 
purposes of the contest, only section, range and township are required.  The legal description for 
section 22, in bold type in the figure, is Sec 22, T 7 N, R 57 W, which means that the section is located 
7 townships North and 57 ranges West of a particular principal meridian. 

 
T 7 N 
 
T 6 N 

    R 57 W           R 56 W 
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         On a soil survey map sheet, section numbers appear in bold face type and much larger font size 
than map unit numbers.  They are usually placed in the middle of a section; section corners are marked 
with ticks (+).  Township and range numbers are located around the perimeter of the map at the break 
between township rows and range columns as illustrated, above 

For the purposes of the contest, only section, range and township are required. 

 
Map unit name 
 
         Soils form as a result of the combined influence of 1) the characteristics of the original 
geologic deposit, 2) local climate, 3) type and quantity of plant life, 4) the topography of the land 
surface and 5) the amount of time they’ve had to develop.  The sequence of natural layers, or horizons, 
which form, differs with respect to the variable influence of these five factors.  Soils that are similar 
with respect to kind, thickness and arrangement of horizons are considered to be the same soil series. 
  On a detailed soil survey, the map delineations usually represent a single soil series, but often 
represent several soil series that are so “inter-mixed” on the landscape that the map would become too 
complicated if they were delineated separately.  Map delineations are called map units, and each is 
assigned a name, based on the series (or combination of series) it contains, and a number.  The map 
unit number, instead of the name, appears on the map page.  In the soil survey, map units are described 
in numerical order. 
 
Map scale 
 
 The scale of any map is usually located in the map legend or at the base of the figure, and is 
commonly expressed as a ratio.  The ratio 1:63360 would be stated “one to sixty three thousand three 
hundred sixty” and signifies that one inch on the map represents 63,360 inches on the ground. Because 
most of us have difficulty comprehending large distances expressed in inches and are used to thinking 
in feet (or miles), the ratio can be converted to feet by dividing 63,360 inches by 12: 
 

63360 inches   x    1 foot     =   5280 feet 
    12 inches 

 
then,   5280 feet     x     1 mile     =   1 mile 

                                                                                   5280 feet        
 
In this example the ratio 1:63360 signifies that one inch measured on the map is equal to a distance of 
one mile on the ground.  With experience, the map reader becomes acquainted with common map 
scales and understands the amount of map detail simply by knowing the scale.  Map scale is very 
important for that reason.  The larger the ratio, the larger the scale, and the less detail expressed on the 
map.  
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Soil classification   
 
 A “classification” is a system for organizing information concerning a given subject.  We are 
surrounded by classification in many aspects of our daily life.  For example, our academic performance 
is classified into A, B, C, D, F categories; seed is classified as certified or uncertified; gasoline is 
classified as regular, unleaded or diesel.  Soils are classified as well, for the purpose of helping us 
remember their significant characteristics.  Much can be inferred about a soil, what it looks like, how it 
formed and how it might best be managed, simply by knowing its classification.  In the United States, 
we use a system of soil classification known as Soil Taxonomy.  Taxonomic names are written in a 
format that includes 1) Family, 2) Subgroup, 3) Great group, 4) Suborder and 5) Order.  The Family 
name is the most specific, and contains the most information and the Order the least.  For example, the 
Weld Series is classified as a Fine, montmorillonitic, mesic Aridic Paleustoll; this is its Family name.  
Aridic Paleustoll is the Subgroup name, Paleustoll is the Great Group name, Ustoll is the Suborder 
name, and Mollisol is the Order name.  Soil Taxonomy seems like a foreign language, but once the 
elements of the names are understood, they convey a tremendous amount of information about the soil.  
Although students will have little or no understanding of what the classification implies, it is important 
they recognize that an elaborate, but useful, classification scheme exists for soils. 
 For the purpose of the contest, the student is asked to identify the Subgroup of the soil series 
named in the map unit.  If the map unit name contains more than one soil, only the classification of the 
dominant soil (the first one stated in the map unit name) should be identified.   
 
Included series 
 
 Only in very small scale soil maps are the map units absolutely “pure”.  Consequently, the map 
unit description may list one or more additional series considered to be “inclusions”.  Inclusions are 
patches of differing soils that make up such a small land area they cannot be delineated at that 
particular map scale; they often have limitations very different from the other soils in the map unit. 
 
Soil association name 
 
 County soil surveys actually contain two maps.  In newer soil surveys, the detailed, smaller-
scale soil map is a set of black and white orthophotos separated into manageable quadrangle sheets.  In 
older surveys, the detailed map is a set of orthophotos that are attached to the survey itself, making 
them somewhat more difficult to use.  The general, larger-scale soil map is located in the back of the 
soil survey, and differs from the detailed soil map in several important ways.  Unlike the detailed map, 
the general map soil map units are not individual soil series but are a unique and discernable pattern of 
series.  These map units are called soil associations.  Soil association names are listed in the general 
soil map legend.  General soil maps are useful in assessing the “broad picture” of soil types and 
potential land use in an area.  They are not drawn with, or are intended to contain, as much detail as 
their counterpart.  Consequently, the map scale is quite different. 
 Soil associations are referred to by number on the general soil map and are listed and discussed 
in chronological order in the soil survey.  Please note that the general soil map unit numbers do not 
correspond to the detailed soil map unit numbers. 
 In order to locate the contest site on the general soil map 1) identify the map sheet number on 
the upper right hand corner of the detailed map sheet, 2) locate that map sheet on the “Index to Map 
Sheets” next to the general soil map at the back of the soil survey and 3) mentally overlay the map 
sheet boundaries and landmarks to the adjacent general soils map. 
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 The remaining information requested on the score card pertains to the soil series, and is 
contained within the soil series and map unit descriptions or the interpretive tables located in the 
soil survey.  The crop for which estimated yield is determined will be given at the time of the 
contest.  
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Appendix 1.  Slope finder 
 
 
 Each contestant is responsible for his or her own slope finder.  They are easily constructed by 
mounting the following page on an 8 ½ inch x 11 inch piece of cardboard, foamcore, plywood or other 
rigid backing material, and attaching pushpins and weighted string as directed. 
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