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Introduction  
 

Soil is one of the most, if not most important natural resources of our environment. Soil supports 

and influences the crops we grow for food and fiber, the water we drink, and the air we breath. 

The soils of the world fit for plant growth must sustain all the plants, animals and humans that 

make the Earth their home. The soil acts as a filter for the water entering the groundwater supply, 

as well as interacting with or being eroded by the water that flows over the surface. Soil has a 

direct effect on the air we breath when it becomes airborne and is evident when dust settles or 

obscures vision. Soil takes long periods of time to develop but can be destroyed or eroded away 

in very short periods. It is only through proper stewardship of  soil that life on Earth can be 

sustained and improved. 

 

Soil and land evaluation, sometimes called land judging, enables each participant to learn how to 

recognize the physical features of the soil, determine land capability for crop production, and 

evaluate management practices needed for proper stewardship. Soil, land and home-site 

evaluation provide a setting for students to investigate the soils in their region, the environment 

that surrounds them and their effect on their daily lives.  

 

Land judging and home-site evaluation will help you: 

Become familiar with terms used to describe soils. 

Understand basic soil differences. 

Learn how differences in soils affect plant growth. 

Recognize influences of land features on plant production and land protection. 

Select suitable soil- and water-conservation practices to protect and conserve the land. 

Determine land capability class for crop production 

Understand interpretive soil classification. 

Recommend proper land use and treatment. 

Evaluate land for potential non-agricultural uses. 

Recognize environmental impacts from agricultural and other uses. 
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Land is a natural resource that gives us many opportunities to provide for our needs. Most raw 

materials are provided by the land. The soil provides the basis to produce food and fiber. It can 

help protect and purify water, which can be used or stored for future use. The soil provides a 

base on which to live, build, and enjoy the beauty of nature. Soil quantity is limited, and its 

quality is varied. Decisions we make in land use affect not only how much usable land remains, 

but how well that which remains will provide for our needs and those of future generations. 

 

The way we use or squander our soil resource is under our control. Our management practices 

reflect our knowledge, or lack thereof, about soils and the related environmental factors at any 

given time. 

 

Soil 
 

What is soil? 

 

Soil is the thin, unconsolidated, outer skin of the earth derived from weathered rock fragments 

and decayed plant and animal remains.  Soil forms when climatic and biological factors work on 

geologic materials (parent materials) over long periods of time. When soil contains the proper 

proportions of water, nutrients, organic material, and even air, it furnishes support and food for 

growing plants.  

 

Soil Formation 
 

Differences in climate, parent material, landscape position and living organisms over time 

influence how a soil forms. Humans are an added factor in soil formation in the modern era 

because of the great changes we can make with machinery. Because soils occupy different 

positions on the landscape, are formed in a variety of materials and have had different plant and 

animal life associated with them, the ñidealò profile is usually modified a great deal as one 

moves from place to place.  

 

Factors of Soil Formation 

Time 

Topography 

Climate 

Parent Material 

Biological 

Human 
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Generalized soil characterization by type of deposition 

 

Most of the soils in Nebraska have formed in materials transported from other areas, a few feet to 

hundreds of miles away. The materials have been moved by wind (eolian), water (alluvial) and 

glaciers (glacial) or a combination of these processes. Because of these various processes, we 

cannot say the underlying material of the present soil is like the parent material. In a few cases, 

the materials have been deposited in thick enough layers that the underlying material is similar to 

the parent material. The presence of multiple depositional and erosional surfaces in the soil 

profile causes discontinuities in materials and horizons in many of the soils in Nebraska.  

 

Residual soils formed from bedrock material that has weathered in place to its present condition. 

These soils are said to have formed in residuum; the residuum being the parent material which 

was usually a geologic material that was cemented or compacted; such as bedrock. The bedrock 

has been broken down into smaller fragments by the action of weathering processes. The 

weathering is both a physical  (mechanical) breakdown (such as freezing and thawing) and a 

result of chemical processes such as compounds going into or precipitating out of solution or a 

combination thereof. In Nebraska, bedrock includes shale, limestone, chalk, siltstone or 

sandstone. Only a few soils in Nebraska have formed in residuum because only a few areas have 

rock material near the surface that has been exposed for a sufficient time. Even the soils formed 

in this residuum have been influenced by transported materials. These materials include wind-

blown dust or volcanic ash which has fallen during soil formation, or of earth materials 

transported and deposited by water or glaciers, as mentioned above. This accumulation of 

transported materials thickens the developing soil at an increased rate and change the clay, silt or 

sand content.  

 

Aeolian soils formed in materials transported by wind. Loess is a wind-blown clayey and silty 

material found over most of Nebraska. The aeolian sands of the Nebraska Sandhills are an 

example of sandy wind-blown materials. These wind blown materials may occur in thick 

deposits, in drifts or as a thin layer on the surface. Usually, the coarsest materials are deposited 

closest to the source, and the finer materials are deposited farther away. 

 

Alluvial soils form from water-transported materials which are laid down in layers or strata as 

the water slows and loses its ability to carry the particles in suspension. Usually these layers are 

characterized as thin bands of materials of varying color, texture and other characteristics. 

Organic matter in these soils does not decrease uniformly with increased depth. If alluvial soils 

remain exposed to weathering processes for long periods, without further additions of alluvial 

deposits, they start to lose many of their alluvial characteristics. 

 

Colluvial soils form from material transported from higher to lower areas by erosional forces of 

wind and water. They are usually located on footslopes and tend to have thick, dark surface 

layers because of the additions of highly organic surface soil eroded from higher in the 

landscape. Like the alluvial soils, these soils may have bands of materials, but the components of 

the bands have relatively similar characteristics, because the source is similar, unless multiple 

parent materials are present upslope. 
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Glacial soils form in materials which have been picked up and transported by glaciers as they 

moved across an area. The soil and rock trapped within the ice were then deposited as the ice 

melted and the glacier retreated.. The materials transported by glaciers can range from clay size 

to boulders larger than houses. Glacial material is often referred to as ñtill.ò 

 

Many soils are formed in combinations of these depositional materials, and many have reworked 

and redeposited materials derived from these source materials or a combination of materials. As 

erosion removes soil material from an area, it exposes new materials to the weathering processes. 

When deposited in a new area, these materials change the weathering of the covered materials, 

and new soil characteristics develop. These discontinuities of depositional materials cause many 

of the interpretation problems in evaluating these soils for crops and other uses. Discontinuities 

between soil layers affect root growth, water movement and our ability to shape the landscape. 

 

The Soil Profile 
 

Because the soil-forming processes work from the top of the soil downward, we usually find the 

most changes at the top layer and the least change deeper in the soil. The layering this process 

produces is called ñhorizonation,ò and individual layers are called ñsoil horizons.ò 

 

A soil may have an organic layer over it, which is designated by the letter ñO.ò The organic layer 

may be broken into two layers, or ñhorizons,ò if they are significantly thick: an undecomposed 

ñOiò horizon (in which the original materials are identifiable:  grass, leaves, sticks, etc.) and a 

decomposed ñOaò horizon (in which the original materials are very hard to identify). Organic 

horizons only develop over long periods of time wherever large amounts of organic matter are 

being deposited and decomposition is slower than the rate of deposition. This most commonly 

occurs where the organic materials are saturated for most the year. 

 

The surface soil is the top horizon of the mineral soil profile and is usually designated by the 

letter  

ñAò in profile descriptions. The surface soil has less than 20 percent organic carbon (USDA [Soil 

Taxonomy], 1999, p. 19). Normally this horizon is rich in organic matter (0.5 to 5 percent 

organic carbon in Nebraska) and has a friable (easily crumbled) granular structure. The original 

surface soil may have been removed by erosion, exposing the material from horizons normally 

lower in the profile. The letter ñAò is still used to identify the top layer as the surface horizon, 

even though it may be more like the subsoil or underlying material. If the area is or has been 

cultivated, the surface layer is called a ñplow layer.ò A small letter ñpò may be added to make an 

ñApò designation. The boundary between a plow layer and the next horizon is usually abrupt 

(less than 2 cm thick). This abrupt break may indicate the break to the subsoil or underlying 

material but may only be an interruption in the A horizon caused by the cultivation at a specific 

depth over a number of years. Characteristics of the A horizon, such as dark color, friable with a 

granular structure, etc., may extend past the boundary of the plow layer. 
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The solum of the soil refers to the topsoil and subsoil (transitional layer if no subsoil is present). 

The topsoil should include all óAô horizons. The óAô horizon is primarily separated from the 

subsoil (ie, óBô), transitional layer (ie. óACô) or underlying material (ie. óCô) by one or more of 

the following indicators; 

a. Color changes and becomes significantly lighter, ie. Dark brown to brown 

b. Structure changes from granular to subangular or angular blocky 

c. Texture shows a definite increase in clay content, may also be determined by 

significant increase in resistance to penetration. 

d. Distinct stratification is present from deposition by wind or water 

 

For the land evaluation these indicators will be used for determining the present thickness of the 

surface soil. The field instructions may indicate that overburden has been deposited on the 

surface by wind, water or gravity. It will be inferred that no erosion has taken place on this field 

when the field instructions state overburden is present. The present surface thickness will then be 

determined on the profile using the four indicators. It may include the buried original surface if it 

is not separated from the present surface by any layer which meets the requirements of the four 

indicators. 

 

Table 1. Thickness of surface soil. 

Thick Over 12 inches 

Moderately thick 6-12 inches 

Thin 0-6 inches 

 

The subsoil lies beneath the surface soil and is designated by a ñBò in soil descriptions. It is 

usually lighter in color and contains less organic matter, is less friable and contains more clay. 

The subsoil is defined as a horizon that has increased development because of increased clay 

content. Clay may have moved downward from the surface soil or may have formed in place. A 

subsoil usually exhibits a blocky or prismatic structure and is slightly to extremely hard when 

dry. Subsoils develop as water moves through the profile, carrying clay, organic matter and 

dissolved minerals downward, which then settle or precipitate out in the subsoil. As the color and 

structure change, a ówô may be added to make a óBwô horizon. If enough clay is transported into 

the subsoil, a ótô may be added, making a óBtô horizon.  Many soils in Nebraska do not have 

subsoils because they have not had time to form. On steeper landscapes, the developing soil is 

eroding almost as fast as it forms, and subsoils (B horizons) are rarely seen. 

 

If a profile does not have a subsoil between the surface and the underlying material or bedrock, it 

may have a transitional horizon that has some characteristics of both the surface soil and the 

underlying material, exhibiting some development but not enough to form a subsoil. This 

horizon is usually designated as an ñACò horizon. 

 

The underlying (parent) material lies below the subsoil and surface soil or transitional layer. It is 

designated by a ñCò in soil descriptions. If the underlying material is an unconsolidated bedrock, 

it may be designated as a ñCRò horizon, or, if consolidated, an ñRò horizon. 
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Each of the horizons discussed above may be further broken down into sub-horizons depending 

on differences in soil characteristics. These are indicated by adding a number after the horizon 

designation, ie. Bw1, Bw2. If  soil materials of a horizon are contrasting enough from the one 

directly above it, an Arabic numeral may be added at the beginning of the designation, such that 

ñCò would be designated ñ2C,ò to indicate two contrasting materials (USDA [Soil Survey 

Manual], 1993, p. 117-130). 

 

Soil Texture 

 

What is texture? 

 

Texture refers to the relative percentages of sand, silt, and clay that make up a specific soil mass. 

It is easiest to determine the texture of a moist sample when in the field (laboratory 

determination uses a different method).  

 

The surface texture is determined for the surface layer of the soil, which in cultivated areas is 

called the ñplow layer.ò In native areas, the surface layer can be up to 10 or more inches in 

thickness. If erosion has removed part or all of the original surface, then the surface layer may 

include material from the subsoil/transitional layer or underlying material. For the contest, a 

sample of material, labeled ñsurface layer,ò will be provided for texture determination. 

 

The control section of the soil profile and is that part which determines many of the soil 

interpretations of that soil. The control section is usually considered the area between 10 and 40 

in. and refers to the most limiting layer within those depths. A sample will be provided for 

determination for the control section texture and permeability, and will be labeled ñcontrol 

section.ò 

 

USDA soil texture classes are based on that part of the soil mass that is less than 2 mm in 

diameter. The part of the soil mass greater than 2 mm is used to determine whether a modifier is 

attached to the soil texture, if the percentage by volume meets certain criteria. For example, a 

soil with greater than 15 percent but less than 35 percent gravels by volume would have the 

modifier ñgravelly.ò 
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The particles larger than 2mm are referred to as rock fragments. The modifiers (adjectives) used 

are shown in the following table. 

 

Table 2. Soil textural class modifiers  

 

 Shape and size Noun Adjective 

Spherical or cube-shaped 

 2-75 mm diameter Pebbles Gravelly 

2-5 mm Fine Fine gravelly 

5-20 mm Medium Medium gravelly 

20-75 mm Coarse Coarse gravelly 

75-250 mm Cobbles Cobbly 

250-600 mm Stones Stony 

 

Flat (tablet shaped fragments) 

 (longest horizontal length) 

 2-150 mm Channers Channery 

150-380 mm Flagstones Flaggy 

380-600 mm Stones Stony 

>600 mm Boulders Bouldery 

 

                                                                     -(USDA [Soil Surv. Manual], 1993, p. 143) 
 

Use of soil texture modifiers: 

0-15% - No adjective used. ñSlightlyò may be used in some instances to recognize these 

soils for special purposes. 

15-35% - Use adjective for dominant fragment. 

35-60% - Use adjective for dominant fragment and use modifier ñvery.ò 

>60% - If greater than 10 percent fine earth by volume is present, use the adjective for 

dominant fragment and use the modifier òextremely.ò If less than 10 percent fine earth by 

volume, use the noun describing the dominant fragment. 
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Particle size 

 

Particles less than 2 mm in diameter are called the ñfine earth.ò Organic matter is not considered 

in the USDA texture classification and is removed by washing or by (chemical) digestion prior to 

laboratory texture determination. For more information on laboratory texture determination, refer 

to USDA Soil Investigations Report No. 42 (1996). For soil texture, sand particles of very fine, 

fine, medium coarse and very coarse are combined for most determinations. When determining 

texture by feel, large amounts of very fine sand, may result in estimating the silt too high, but 

experience with these textures helps correct the method. 

 

 

Illustration of particle size comparison; calculate sizes if clay 0.0015 = one period across; 

silt 0.03 = 20 periods across; sand 0.25 = 166 periods across 

  

 

Table 3. Diameter of particle size separates for textural determination 

 

Particle Diameter 

Very coarse sand 2.0-1.0 mm 

Coarse sand 1.0-0.5 mm 

Medium sand 0.5-0.25 mm 

Fine sand 0.25-0.10 mm 

Very fine sand 0.10-0.05 mm 

Silt 0.05-0.002 mm 

Clay <0.002 mm 

 

     ð Soil Survey Manual, USDA, 1993, p. 136 

 

Sand particles are the largest particles in the fine earth. These particles are relatively large. Fine 

sand and larger particles can be felt with the fingers, and individual grains may be observed with 

the naked eye. Very fine sand can be observed with a small hand lens. These particles do not 

pack together very tightly, and many voids occupy the spaces between the particles. The voids 

may be filled with air, smaller silt and clay particles, organic matter or water. If the soil is not 

saturated, only a thin film of water will coat the sand particles and the excess will move 

downward as gravitational water. Sand particles do not have a very large surface area, so 

relatively little water is held by sand particles and their weak hold on the water makes it easy for 

plants to absorb the water that is present. Water is also lost more quickly through evaporation 

from sands than from the finer soil particles. Sand particles, having a relatively small surface 

area also have less capacity for holding plant nutrients and chemical compounds. 

 

Silt particles are between sand and clay in size. Silt particles have a substantially higher 

attraction for water than sand particles. Silt can pack tightly and have a much larger surface area 

than sand particles. Consequently, silt particles hold more water and hold it tighter. Plants cannot 

remove as high a percentage of the water from silt-size particles as from sand particles. Silt 

particles hold more nutrients and chemical compounds than sand but less than clay particles. 
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Clay particles are so small they cannot be seen with the naked eye. They fit closely together and 

have a very high surface area, consequently they can hold more water, nutrients and chemicals 

than silt particles. Clay particles are usually platy (flat) in nature, and water can be adsorbed (can 

stick) between the layers of the clay particle, as well as to the surface of the clay particle. The 

water between the layers is held very tightly. Plants have difficulty removing some of the water 

held by clay particles. The water may contain nutrients and other chemicals in solution.  

 

Surface area also relates to charged sites on the surface of the soil  particles where plant nutrients 

and other ionic components of the soil may be held. These nutrients and chemicals are available 

for plants or are subject to degradation from biological actions. Clay particles have the most 

storage capacity of any soil component except organic matter, which has even higher capacity. 

 

Clay is a term that refers to several different things associated with soils. When discussing clay, 

it is important to give a frame of reference for the term.  

 

1. Clay texture is defined as a mixture of various particle size grains according to the 

USDA Texture Classification system, usually having more than 40 percent of the clay 

particle-size class.  

 

2. A clay particle-size class is any particle (clay mineral, quartz, etc.) that is less than 

.002 mm in size.  

 

3. Clay minerals are layer silicates, made up of silica crystal lattice layers. Clay mineral 

crystals may be larger than .002 mm is size. Vermiculite for gardening is vermiculite clay 

that has been heated and ñpuffedò by turning the water trapped between the layers to 

steam (like popcorn).  

 

4. Clayey soil refers to those with clay, silty clay and sandy clay textures. 

 

It should be noted that in a soil body there is a gradation of particle sizes and those near the 

border of another group will share characteristics with that group such as a clay particle which is 

nearly as large as a silt particle. This is important when evaluating soil texture by feel because a 

soil with a high percentage of particles close to the border of a coarser or finer particle size may 

feel much like that in the category next to it. This is typical if the soil is poorly graded in 

particle-size distribution. Another example is the very fine sand particle class, which acts more 

like a silt particle in many of its physical and chemical properties. For USDA texture 

determination, very fine sands are classed with the sand particle sizes, but soils that have very 

high percentages of very fine sand have characteristics more like medium-textured soils that 

have higher silt contents. Because of this the soil family classification classes very fine sands 

with silt particles. 
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Fig. 1. Textural triangle 

 

 
 

 

The textural triangle shows the relative percentages of sand, silt and clay in each soil textural 

group. A more detailed breakdown of requirements is available in the USDA Soil Survey 

Manual, Agricultural Handbook 1 8 (Citation, 1993, p. 137-140). 
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Fig. 2 Textural triangle showing relationship of  soil texture classes used in the Land 

Evaluation Contest. 
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Keys to U.S.D.A. defined textures based on relative proportions of the particle size classes. 

 

Sand-textured soils contain more than 85 percent sand-sized particles, and their percentage of 

silt, plus 1.5 times the percentage of clay, must be less than 15. Sand textures are coarse sand , 

sand, fine sand and very fine sand. Water will soak into and run through sandy soils very fast, 

but less will be held than by silty or clayey soils. 

 

Coarse sand: 25 percent or more very coarse and coarse sands, and less than 50 percent 

any other one grade of sand. 

 

Sand: 25 percent of more very coarse, coarse and medium sand and less than 50 percent 

fine or very fine sand. 

 

Fine sand: 50 percent or more fine sand (or) less than 25 percent very coarse, coarse and 

medium sand and less than 50 percent very fine sand. 

 

Very fine sand: 50 percent or more very fine sand. 

 

Loamy sand-textured soils have between 70 and 90 percent sand, and the percentage of silt plus 

1.5 times the percentage of clay must be 15 percent or more, with a percentage of silt plus two 

times the percentage of clay that is less than 30 percent. Loamy sand textures are loamy coarse 

sand, loamy sand, loamy fine sand and loamy very fine sand. 

 

Loamy coarse sand: 25 percent or more very coarse and coarse sand and less than 50 

percent any other one grade of sand. 

 

Loamy sand: 25 percent or more very coarse, coarse and medium sand and less than 50 

percent fine or very fine sand. 

 

Loamy fine sand: 50 percent or more fine sand (or) less than 25 percent very coarse, 

coarse and medium sand and less than 50 percent very fine sand. 

 

Loamy very fine sand: 50 percent or more very fine sand. 
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Sandy loam-textured soils contain 7 to 20 percent clay, more than 52 percent sand and a 

percentage of silt, plus twice the percentage of clay, of more than 30. Or they may contain less 

than 7 percent clay, less than 50 percent silt and more than 43 percent sand. Sandy loam textures 

are coarse sandy loam, sandy loam, fine sandy loam and very fine sandy loam. 

 

Coarse sandy loam: 25 percent or more very coarse, coarse and medium sand and less 

than 50 percent any other grade of sand. 

 

Sandy loam: 30 percent or more very coarse, coarse and medium sand but less than 25 

percent very coarse sand and less than 30 percent very fine or fine sand. 

 

Fine sandy loam: 30 percent or more fine sand and less than 30 percent very fine sand 

(or) between 15 and 30 percent very coarse, coarse and medium sand. 

 

Very fine sandy loam: 30 percent or more very fine sand (or) more than 40 percent fine 

sand and very fine sand at least half of which is very fine sand and less than 15 percent 

very coarse, coarse and medium sand. 

 

Loam-textured soils contain 7 to 27 percent clay, 28 to 50 percent silt and 52 percent or less 

sand.  

 

Silt loam-textured soils contain 50 percent or more silt and 12 to 27 percent clay, or 50 to 80 

percent silt and less than 12 percent clay. 

 

Silt-textured soils contain 80 percent or more silt and less than 12 percent clay. 

 

Sandy clay loam-textured soils contain 20 to 35 percent clay, less than 28 percent silt and more 

than 45 percent sand. 

 

Clay loam-textured soils contain 27 to 40 percent clay and 20 to 46 percent sand. 

 

Silty clay loam-textured soils contain 27 to 40 percent clay and 20 percent or less sand. 

 

Sandy clay-textured soils contain 35 percent or more clay and 45 percent or more sand. 

 

Silty clay-textured soils contain 40 percent or more clay and 40 percent or more silt. 

 

Clay-textured soils contain 40 percent or more clay, 45 percent or less sand and less than 40 

percent silt. 
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Texture determination by feel 

 

Each of the three major particle-size groups (ie. Sand, silt and clay) have a distinct feel when 

rubbed between the thumb and fingers. They also have distinct characteristics when subjected to 

simple manipulation. It is with a knowledge of these differences and through experience that 

texture and composition can be estimated by soil scientists. Anyone can learn the basics and 

through experience may develop skill at texture approximation. Even experienced soil scientists 

may experience difficulties in making proper texture approximations when moving from one 

locality to another. The experience gained while working with the soils from one locality may 

cause a tendency to over- or underestimate the percentages of the particle-size classes when 

classifying soils from another locality. This difficulty is caused by the differences in distribution 

of the grain sizes from one locality to another, as well as the different clay types (schmectitic, 

kaolinitic, etc.) and the mixture of those types. 

 

With some practice and comparison using known samples from the new locality, one can adjust 

for these differences. Regarding the table of textures above, it should be noted that laboratory 

data is often required to make some of the separations shown. This is particularly true where 

soils have silt and clay percentages that place them close to the borders between texture classes. 

Soil scientists take a number of representative samples from the locality for laboratory analysis 

so as  to determine the dominant texture class for each map unit used in the field. 

 

Sand tends to impart a grittiness to the feel of the sample. Sand particles do not tend to stick 

together and usually are loose when dry. Silts tend to impart a smooth, floury feel to the sample. 

Silts will tend to clump together but usually will crack and crumble when disturbed. Clay 

particles tend to be sticky when wet and form a hard mass when dry. When these particle sizes 

are combined to form a soil texture, they each impart certain characteristics to the feel of the 

sample. The USDA soil texture classes have been grouped into five categories that have similar 

physical characteristics when using feel to determine texture. Table 3. below shows how the 

textures are grouped for the land-evaluation contest. 

 

The field method for determining soil texture uses a ñribboningò of the soil. Ribboning is the 

practice of squeezing the soil between the thumb and forefinger to form a thin, even ribbon of 

soil material. This process may be done with the soil at several moisture states to obtain the best 

quality ribbon from the sample. Soils containing substantial amounts of clay may require 

working the soil material like dough after adding a small amount of water to the entire mass 

uniformly. By working with various soil samples of known particle-size distribution, one can 

begin to train oneself to distinguish soil textures in the field. During the contest, samples will be 

provided for judging the soil texture. It is important to use the samples provided, as these were 

used to make the official determinations. Most soils vary both laterally and vertically, so taking a 

sample from the pit may give a different result than that in the sample boxes. 

 



 16 

Fig. 3. Ribboning soils for field texture determination 

 

 
 

Does soil make a 

medium ribbon 1-2.5 

inches (2-6.4 cm) long 

before breaking? 

Does soil make a 

strong ribbon 2.5 

inches (6.4 cm) long 

before breaking? 
























































