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SOIL KEY POINTS 
 
 
• Recognize soil as an important dynamic resource. 

 
• Describe basic soil properties and soil formation factors. 

 
• Understand soil drainage classes and know how wetlands are defined. 

 
• Determine basic soil properties and limitations, such as mottling and permeability 

by observing a soil pit or soil profile. 
 

• Identify types of soil erosion and discuss methods for reducing erosion. 
 

• Use soil information, including a soil survey, in land use planning discussions. 
 

• Discuss how soil is a factor in, or is impacted by, nonpoint and point source 
pollution. 

 
Florida’s State Soil 
 
Florida has the largest total acreage of sandy, siliceous, hyperthermic Aeric Haplaquods 
in the nation. This is commonly called Myakka fine sand. It does not occur anywhere 
else in the United States. There are more than 1.5 million acres of Myakka fine sand in 
Florida. On May 22, 1989, Governor Bob Martinez signed Senate Bill 525 into law 
making Myakka fine sand Florida’s official state soil. 
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INTRODUCTION 
 
 
Welcome to the Florida State Envirothon’s Soils Study Guide. As you prepare for the 
state Envirothon competition, you will want to become familiar with the information in 
this section. It is only a brief introduction to soil science. Numerous other resources are 
available to assist you. You may want to contact your Natural Resources Conservation 
Service or Soil and Water Conservation district office for additional information and 
assistance. Contact information for these offices is listed in the appendix. The Internet is 
also an excellent resource. 
 
A broad ecological knowledge and its application to problem solving and critical 
thinking will be helpful. You should be able to do the following: 
 
• Recognize soil as an important dynamic resource 

 
• Describe basic soil properties and soil formation factors 

 
• Understand soil drainage classes and know how wetlands are defined 

 
• Determine basic soil properties and limitations, such as mottling and permeability 

by observing a soil pit or soil profile 
 

• Identify types of soil erosion and discuss methods for reducing erosion 
 

• Use soil information, including a soil survey, in land use planning discussions 
 

• Discuss how soil is a factor in, or is impacted by, nonpoint and point source 
pollution  

 
You will need to know the following: 
 
• How to identify a soil 
• How to use a soil survey 
• How to use a Munsell soil color chart 
• How to interrelate soils with watersheds, wildlife, and aquatic and terrestrial 

ecosystems 
• That humans depend upon and impact soils 
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WHAT IS SOIL AND HOW IS IT FORMED? 
 
 
What Is Soil? 
 
Soil is a complex, self-renewing, living system. It is a vital natural resource. It is the 
resource that most terrestrial life depends on directly or indirectly for survival. It is a 
composite of inorganic minerals, organic humus, living organisms, moisture, and air. 
Soils are the product of interactions between abiotic and biotic processes and take 
thousands of years to form. 
 
The study of soils is called pedology. It is derived from the Greek words pedon and 
logos, meaning soil and reason, respectively. In the United States, however, there is a 
tendency to simply use the term soil science. 
 
How Is Soil Formed? 
 
In the early years of soil study, it was thought that soil types were entirely determined 
by the parent material. In the late 1800s, following pioneering work of Russian soil 
scientist V.V. Dokuchaev, it was discovered that different soils develop over identical 
bedrock exposed to various climates. The idea that climate plays a major role in soil 
formation was introduced in this country in 1920 by C.F. Marbut, the chief of the United 
States Soil Survey at the time. Since then, other factors that influence soil development 
have been discovered. Those factors are classified into five major categories: 
 
1. The type of parent(source) material 
2. The climate under which the soil components have existed since accumulation 
3. The plant and animal life in and on the soil 
4. The relief of the land 
5. The length of time the other factors have interacted 
 
The five soil-forming factors are interdependent. Soil formation begins with the 
degradation of the parent material. The parent material is unconsolidated, chemically 
weathered mineral, rock, or organic matter. Precipitation, temperature, humidity, and 
wind are the climatic forces that act on the parent material to form soil. The relief of the 
land greatly influences how wind and water act upon parent material components as 
well as the types of plants and animals that inhabit the area. Animals, insects, bacteria, 
fungi, and other plants furnish organic matter. Differences in the amount of organic 
matter, nutrients, structure, and porosity of soil are caused by plant and animal actions. 
 
Time is an important factor in soil formation. The physical and chemical changes 
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brought about by climate, living organisms, and relief are slow. The length of time 
needed to convert raw geological materials into soils varies according to the nature of 
the material and the interaction of other factors. Some minerals weather fairly rapidly, 
while others are chemically inert and show little change over long periods of time. 
 
Soils are deposited or developed in 
layers. Soils with clearly defined layers 
are said to be mature. Immature soil is 
one that lacks well-developed layers. A 
vertical column of soil, such as might be 
seen where roads have been cut 
through a hill or where a river has 
scoured through a valley, is called a 
profile. The soil layers in the profile are 
called horizons. They are defined as 
follows: 
 
O Horizon. The O horizon is dominated 
by organic material. It contains fresh 
and decaying plant matter from leaves, 
needles, twigs, moss, lichens, and other 
organic accumulations. 
 
A Horizon. The A horizon is formed at 
the surface or below the O horizon. It is 
an accumulation of organic matter and 
minerals. It is generally darker than the 
lower horizons because of the decaying 
organic matter. This horizon is where 
most plant root activity occurs. It may 
be referred to as the surface layer in a 
soil survey. 
E Horizon. The main feature of the E 
horizon is the loss of silicate clay, iron, 
or aluminum, or some combination of 
these, leaving a concentration of sand 
and silt-sized particles. 
 
B Horizon. The B horizon lies directly 
below an A, E, or O horizon. It is 
referred to as the subsoil. It is usually 
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lighter colored, denser, and lower in organic matter than upper horizons. As the 
recipient of material from upper and lower soil layers, the B horizon is often called the 
“zone of accumulation.” As rain and irrigation waters percolate downward, they wash 
(leach) soil components through the A horizon and into the B horizon. The process by 
which these materials are moved downward by water is called leaching. For this reason, 
the A horizon is called the “zone of leaching.” Some minerals are drawn upward from 
lower soil layers by high evaporation rates and plant absorption. 
 
In many soils, a dense, nearly impermeable subsurface layer called fragipan develops. 
When this layer is the result of extreme compactness of soil particles, it is called 
claypan. In Florida, hardpan is the term applied when cementation of soil particles 
occurs. Layers cemented by calcium carbonate are called caliche and layers cemented by 
iron oxide are called ironpan. In many cases, the pan is so hard, water does not pass 
through it easily. This often causes water to flow horizontally through the soil until it 
reaches a break in the pan. 
 
C Horizon. Still deeper is the C horizon or the substratum. This layer may consist of less 
clay or other less-weathered sediments than the layers above. Partially disintegrated 
parent material and mineral particles are in this horizon. 
 
R Horizon. The very lowest horizon, the R horizon, is bedrock. It can be within a few 
inches of the surface or many feet below. 
 
Each master horizon is subdivided into specific layers that have a unique identity. 
Those subdivisions are identified by suffix symbols which follow the master horizon 
letter.  
 
These suffix symbols are as follows: 
 

a highly decomposed organic materials 
b buried soil horizon 
c concretions — grains, pellets, or nodules of various sizes, shapes, and colors 

consisting of concentrated compounds or cemented soil grains 
d physical root restriction 
e organic material of intermediate decomposition 
f frozen soil 
g strong gleying — soil that is formed under poor drainage, resulting in the 

reduction of iron and other elements and in gray colors and mottles 
h alluvial accumulation of organic matter 
i slightly decomposed organic matter 
k accumulation of carbonates 
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m cementation 
n accumulation of sodium 
o residual accumulation of sesquioxides 
p tillage or other disturbance 
q accumulation of silica 
r weathered or soft rock 
s alluvial accumulation of sesquioxides and organic matter 
t accumulation of alluvial clay 
v plinthite 
w development of color or structure 
x fragipan character 
y accumulation of gypsum 
z accumulation of salts more soluble than gypsum 

 
Hence, a B horizon with a large accumulation of clay might be designated as a Bt 
horizon. 
 
The thickness of each layer varies with location (even in the same field). Few soils fit 
horizon descriptions perfectly. Under disturbed conditions, such as intense agricultural 
development or where erosion is severe, not all horizons will be present. 
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SOIL CHARACTERISTICS 
 
 
Soil characteristics are used to identify soil types. Most soil characteristics can be 
determined by field determination. Some need to be verified by laboratory testing. The 
most common soil characteristics that soil scientists examine are texture, color, porosity, 
compaction, and permeability. 
 
Texture. Soil texture is the term commonly used by the U.S. Department of Agriculture 
(USDA) to designate the percentages of sand, silt, and clay in a sample of soil. Other 
agencies may use other soil texture classification systems. Soil texture refers only to 
mineral particles smaller than 2 millimeters (mm). Each grouping of particle sizes is 
called a soil separate. Hence, sand, silt, and clay are soil separates. The USDA 
classification of mineral soil separates is as follows: 
 

Very coarse sand 2.00–1.00 mm 
Coarse sand 1.00–0.50 mm 
Medium sand 0.50–0.25 mm 
Fine sand 0.25–0.10 mm 
Very fine sand 0.10–0.05 mm 
Coarse silt 0.05–0.005 mm 
Fine silt 0.005–0.002 mm 
Clay  less than 0.002 mm 

 
The texture of a soil gives an indication of  
 
• The relative water-holding capacity 
• Mineralogy 
• Susceptibility to being transported by wind or water 
• Chemical properties 
 
The process by which soil separates are obtained is called mechanical analysis. All 
mineral soils are made up of a mixture of soil separates. Textural class names of soils 
are based on the proportion of these separates. There are 12 major textural class names: 
sand, loamy sand, sandy loam, sandy clay loam, sandy clay, clay, clay loam, loam, silt 
loam, silty clay loam, silty clay, and silt. 
 
The determination of soil texture in the field is done by feel. That is, the soil is rubbed 
between the thumb and fingers and an estimate of the amount of the various separates 
present is made on the basis of the degree to which the characteristic properties are 
expressed. To determine the soil textural class, follow the procedure on page 11. 
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The USDA textural triangle showing the twelve major textural classes in the USDA system. 
Within the sands, loamy sands, and sandy loams, the proportions of the various separates of 
sands (very coarse sand, coarse sand, medium sand, fine sand, and very fine sand) must be 
considered in determining which textural name to assign. If the sand fraction of a soil sample is 
dominated by a particular sand separate, a modifier must be attached to the major textural name 
(e.g., coarse sand, loamy very fine sand, or fine sandy loam). See Factsheet SL29, Soil Texture 
in the appendix. 
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The USDA textural triangle shows the 12 major textural classes in the USDA system. 
Within the sands, loamy sands, and sandy loams the proportions of the various 
separates of sands (very coarse sand, coarse sand, medium sand, fine sand, and very 
fine sand) must be considered in determining which textural name to assign. If the sand 
fraction of a soil sample is dominated by a particular sand separate, a modifier must be 
attached to the major textural name (e.g., coarse sand, loamy very fine sand, or fine 
sandy loam). See Factsheet SL29, Soil Texture in the appendix. Silts are similar to the silt 
loams, but contain even less sand and clay. The sands are generally so small that they 
are not detectable to the fingers. The clays are also of such low percentages that no 
stickiness occurs when the soil is moistened. Silts readily form a ribbon that holds 
together well when handled. 
 
Color. Soil color is probably the most obvious feature of soil. A soil scientist can often 
associate soil color with specific physical, chemical, and biological properties of soil. Soil 
colors are produced by organic matter, iron compounds, silica, lime, manganese 
compounds, aluminum hydroxide, various salts, and coatings of silts and clays and are 
sometimes an indication of water table or depressional soils. 
 
Soil colors are most conveniently measured by comparison with a chart known as the 
Munsell Soil Color charts. There are 322 different color chips in the Munsell Soil Color 
charts. The chips are arranged by three characteristics — hue, value, and chroma.  
 
The hue indicates the color’s relation to spectral colors such as red, yellow, green, blue, 
and purple. The colors displayed on an individual chart are the same hue, which is 
designated by a symbol in the upper right corner of the card. The symbols for hue are 
the letter abbreviation of the colors. Hence, R is for red, YR is for yellow-red, Y is for 
yellow, etc. 
 
The value (sometimes called brilliance) indicates the relative lightness or darkness of 
the chip. Vertically, the chips become lighter as the column progresses from the bottom 
to the top, and the value increases with each step. The value for each chip is noted by 
the vertical scale on the far left of the chart. The notation for value consists of numbers 
from 0 for absolute black to 10 for absolute white. 
 
The chroma is the chip color’s relative purity or the degree of vividness in contrast to 
grayness. Horizontally, the chips increase in chroma from left to right. The chroma is 
noted by the horizontal scale across the bottom of the chart. The notation for chroma 
consists of numbers beginning with 0 for neutral grays and increasing at equal intervals 
to a maximum of about 20. 



Soil Characteristics 

 

 
 

11 

 



Florida Envirothon Study Packet — Soils Section 

 

 
 

12 

Soil colors are classed as achromatic and chromatic. The achromatic colors are white, all 
shades of gray, and black. They have a neutral hue and a zero chroma, but differ in 
value. All other colors are chromatic and represent various combinations of hue, value, 
and chroma. 
 
When making soil color notations, the color name is written first, followed by the 
Munsell notation in parentheses. In writing Munsell color notation, the order is hue, 
value, and chroma, with a space, hue letter, and succeeding value number, and a 
diagonal line between the two numbers for value and chroma. Thus the notation for a 
yellowish-red colored soil of hue 5YR, value 5, and chroma 6 is yellowish-red (5YR 
5/6). 
 
Accurate comparison of a soil sample to the Munsell Soil Color charts is accomplished 
by holding the specimen behind the openings next to the closest matching color chip. 
Rarely will the soil sample be perfectly matched by any color in the charts. 
 
Munsell Soil Color charts are expensive to purchase, but a simplified version can be 
made by following the directions on the next page. 
 
To practice with a real Munsell Soil Color chart, contact your local Soil and Water 
Conservation district office and ask a representative to bring one for demonstration.  
 
Porosity. Porosity refers to the amount and size of spaces between soil or rock particles. 
Porosity determines the amount of water that a soil can hold. Sands and gravels have 
high porosity. Clays are very porous. Some can hold up to 60 percent of their total 
volume. High porosity does not always indicate good permeability. Porosity is an 
important factor in the choice of plants or crops to be grown and in the design and 
management of irrigation systems. 
 
Permeability. Permeability refers to the rate of water and air movement through soil or 
bedrock, if present. It is an indication of downward movement of water when the soil is 
saturated. This may be considered internal drainage. Permeability can be estimated 
from texture, compaction, and arrangement of soil particles (structure). The drawing 
illustrates the common ways particles may affect the soil’s internal drainage by either 
providing a pathway for water to drain or by retarding water movement. 
 
Permeability is measured in the number of inches per hour (in/hr) that water moves 
downward through a saturated soil. Terms describing permeability and respective flow 
rates are as follows: 
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Very slow less than 0.06 in/hr 
Slow 0.06–0.20 in/hr 
Moderately slow 0.20–0.6 in/hr 
Moderate 0.6–2.0 in/hr 
Moderately rapid 2.0–6.0 in/hr 
Rapid 6.0–20 in/hr 
Very rapid  more than 20 in/hr 

 
Permeability is an important consideration in the design of soil drainage systems, septic 
tank absorption fields, and construction where the rate of movement under saturated 
conditions affects soil behavior. 
 

Solids Pore Space 
Silt Loam 

Mineral and organic matter 50% Water 25% Air 15 
Sand 

Mineral and organic matter 50% Water 10% Air 40% 
Clay 

Mineral and organic matter 50% Water 40% Air 10% 
The above diagram shows the difference in relative proportions of solid 
particles, water, and air in representative silt loam, sand, and clay soils. 

 
A healthy topsoil has about 50 percent pore space where gases and water are 
transmitted and held. A balance between pores filed with water and pores filled with 
gas is necessary for the soil to provide good plant growth. Soil pores are destroyed by 
tillage, intense agricultural operations, or heavy vehicle and foot traffic. This 
destruction is known as soil compaction. The largest pores (macropores) are the most 
vulnerable to compaction. The macropores are essential to the movement of gases and 
water. Loss of macropores inhibits the movement of gases, including oxygen, into and 
out of the soil. Plant roots and many types of microorganisms cannot grow where 
oxygen is limited. Plant roots and microbes produce carbon dioxide, which also moves 
through the soil pores to the atmosphere. 
 
The small pores (micropores) are important in holding and retaining water in the soil. 
The loss of these pores lowers the permeability of the soil, thereby restricting 
percolation and increasing runoff, erosion, and flooding. 
Porosity and permeability influence the classification of soils by drainage patterns. 
Drainage classes refer to the periods of saturation or partial saturation during soil 
formation, as opposed to altered drainage. The latter is usually the result of human 
interaction. Seven classes of natural soil drainage are recognized. 
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Excessively drained. Water is removed from the soil very rapidly. Excessively drained 
soils are commonly very coarse-textured, rocky, or shallow. Some are steep. All are free 
of mottling related to wetness. 
 
Somewhat excessively drained. Water is removed from the soil rapidly. Many 
somewhat excessively drained soils are sandy and rapidly pervious. Some are shallow. 
Some are so steep that much of the water they receive is lost to runoff. All are free of the 
mottling related to wetness. 
 
Well-drained. Water is removed from the soil readily, but not rapidly. It is available to 
plants throughout most of the growing season, and wetness does not inhibit growth of 
roots for significant periods during the growing seasons. Well-drained soils are 
commonly medium textured. They are mainly free of mottling. 
 
Moderately well drained. Water is removed from the soil somewhat slowly during 
some periods. Moderately well drained soils are wet for only a short time during the 
growing season, but periodically they are wet long enough that most mesophytic crops 
are affected. They commonly have a slowly pervious layer within or directly below the 
solum or periodically receive high rainfall, or both. 
 
Somewhat poorly drained. Water is removed slowly enough that the soil is wet for 
significant periods during the growing season. Wetness markedly restricts the growth 
of mesophytic crops unless artificial drainage is provided. Somewhat poorly drained 
soils commonly have a slowly pervious layer, a higher water table, additional water 
from seepage, nearly continuous rainfall, or a combination of these. 
 
Poorly drained. Water is removed so slowly that the soil is saturated periodically 
during the growing season or remains wet for long periods. Free water is commonly at 
or near the surface for long enough during the growing season that most mesophytic 
crops cannot be grown unless the soil is artificially drained. The soil is not continuously 
saturated directly below the plow depth. Poor drainage results from a high water table, 
a slowly pervious layer within the profile, seepage, nearly continuous rainfall, or a 
combination of these. 
 
Very poorly drained. Water is removed so slowly that free water remains at or on the 
surface during the growing season. Unless the soil is artificially drained, most crops 
cannot be grown. Very poorly drained soils are commonly level or depressed, are 
frequently ponded, or have impermeable layers close to the surface. Yet where rainfall 
is high and nearly continuous, they can have moderate or high slope gradients. 
Wetlands is a general term used for areas where the soil is covered or saturated with 
fresh or salty water for at least one month per year and where special vegetation has 
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grown because of the wet conditions. Wetlands are usually at a low elevation compared 
to the surrounding land, but may be at a higher level with impermeable soil. They are 
located between terrestrial (dry upland) and aquatic habitats. Wetlands are one of the 
most important natural resources in Florida and provide many benefits to humans and 
wildlife. Some benefits are 
 
• They can store rain and slow runoff, which helps to control flooding and erosion. 
• They are valuable for recreation and beauty. 
• They filter and absorb pollutants and purify water. 
• They provide habitat for a wide variety of plants and animals, including 90 percent 

of the plants, 30 percent of the birds, 15 percent of the mammals, and 50 percent of 
the fish on the United States endangered species list. 

• They help stabilize shorelines and reduce coastal storm damage. 
• They provide important spawning and nursery grounds for approximately two-

thirds of the nation’s shellfish and important commercial and sport species of 
marine fish. 

• They provide important rest areas for the millions of migrating birds every year. 
 
The value of wetlands has not always been clear. For many years, wetlands were 
considered nothing more than a nuisance. It was a common practice to drain wetlands 
to provide land for agriculture and urban expansion. It is estimated that Florida has lost 
60 percent of the original 20 million acres in the state. Even with this tremendous loss, 
Florida contains more than 20 percent of the remaining wetlands in the United States. 
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SOIL CLASSIFICATION 
 
 
Various soil classification systems have been used for centuries. Most of the systems 
were based on specific purposes for local areas. Unfortunately, they relied upon 
opinions which were difficult to reproduce and therefore had limited use and meaning. 
In 1951, the soil taxonomy classification system was developed and is still is used today. 
The taxonomic system recognizes six categories: order, suborder, great group, 
subgroup, family, and series. 
 
Soil orders reflect the dominant soil-forming processes and the degree of soil formation. 
Each order is identified by a word ending in the suffix sol. There are 12 soil orders, only 
seven of which are found in Florida (indicated by an asterisk [*]). The soil orders and 
their dominant features are as follows: 
 
Alfisols.* Well-developed soils with a relatively fine-textured subsoil horizon that has a 
base saturation of 35percent or more. 
 
Andisols. Soils of volcanic origin. 
 
Aridisols. Dry soils that occur in arid or semi-arid regions. 
 
Entisols.* Soils with little or no horizon development. 
 
Gelosols. Soils of cold climates influenced by permafrost. 
 
Histosols.* Soils composed of relatively thick (usually 16 inches or more) organic 
materials (muck and peats). 
 
Inceptisols.* Soils of humid regions with profile development sufficient to exclude them 
from the Entisols, but insufficient to include them in Spodosols, Ultisols, or other well-
developed soils. Soils that appear to be like Mollisols but have less than 50 percent or 
more base saturation may also be Inceptisols. 
 
Mollisols.* Soils with thick (usually 10 inches or more), dark surfaces that have a base 
saturation of 50 percent or more in the surface soil. 
 
Oxisols.* Highly weathered soils of the tropics. 
 
Spodosols.* Soils with a spodic horizon (a dark-colored subhorizon with a mixture of 
organic matter and aluminum, with or without iron). 
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Ultisols.* Well-developed soils with a relatively fine-textured subsoil horizon that has 
less than 35 percent base saturation. 
 
Vertisols. Soils with more than 30 percent clay which appreciably expand upon wetting 
and contract upon drying. 
 
To determine the order to which a soil belongs, you must know the key to soil 
taxonomy. 
 
Soils are further differentiated by 
 
• Suborders 
• Great groups 
• Subgroups 
• Families 
• Series 
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SOIL USES 
 
 
Knowledge of soil characteristics helps to determine the land’s capability for farming 
and ranching, proper agricultural and urban use, and conservation practices necessary. 
Land uses include crop and pasture lands, rangeland, forestry, recreation, wildlife 
habitat, and engineering uses, including building sites, sanitary facilities, water 
management, and construction materials. 
 
Farming. Identification of soil types helps to analyze potential erosion problems, soil 
drainage, soil fertility, and soil tilth, all of which are important factors in determining 
which crops are best suited to an area and the productivity potential for those crops. 
 
Ranching. Rangeland is land on which the natural vegetation is predominately native 
grasses, grasslike plants, and shrubs, suitable for grazing by domestic livestock and 
wildlife. In addition to livestock forage and wildlife habitat, rangeland provides wood, 
water, recreation, and scenic beauty. Rangeland includes grassland, open forest, 
wetlands, and shrubland. 
 
Range management requires a knowledge of the kinds of soil and of the plant 
communities. The objective of range management is to control grazing so that the plants 
growing on the site are about the same in kind and amount as the natural plant 
community for that site. Such management generally results in the optimum production 
of vegetation, reduction of undesirable brush species, conservation of water, and 
control of erosion. Sometimes a range condition somewhat below the potential meets 
grazing needs, provides wildlife habitat, and protects soil and water resources.  
 
Forestry. Knowledge of soils can be used by forest managers to increase the 
productivity of forest lands. Some soils respond better to fertilization than others, and 
some are more susceptible to erosion after roads are built and timber is harvested. Some 
soils require special efforts to reforest. Soils vary in their ability to produce trees. 
 
Recreation. Recreational uses include camping areas; picnic areas, playgrounds, paths 
and trails for hiking, horseback riding, and bicycling; and golf courses. Provision of 
camping areas requires the consideration of a number of factors, including preparation 
of tent or RV sites, parking areas, sanitary facilities, roads, and the installation of utility 
lines. 
 
The best soils for camping areas have mild slopes, few or no stones or boulders, absorb 
rainfall readily and remain firm, are not dusty when dry, and are not subject to 
flooding. Picnic areas are subject to heavy foot traffic. The best soils are not subject to 
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flooding and do not have slopes, stones, or boulders that increase the cost of shaping 
sites or building access roads and parking lots. Playgrounds require soils that can 
withstand intensive foot traffic. The best soils are level, are not subject to flooding, are 
free of stones and boulders, and are firm after rain and not dusty when dry. These same 
soil considerations are important for paths, trails, and golf courses. 
 
Wildlife Habitat. Numerous elements provide for good wildlife habitat. They include 
grain and seed crops, grasses, and legumes, wild herbaceous plants, hardwood trees 
coniferous plants, wetland plants, shallow water areas, and open land. A primary factor 
in evaluating wildlife habitat is the plant diversity in the area. Increasing dominance by 
a few plant species is commonly accompanied by a corresponding decrease in wildlife. 
Soils affect the kind and amount of vegetation that is available to wildlife as food and 
cover. 
 
Engineering Uses. Engineering uses require a careful examination of soil characteristics 
and properties. Soil strength, shrink-swell potential, permeability, drainage, and 
erosion potential are all important factors to consider for building sites, roads, and 
sanitary facilities. Florida’s five water management districts pay careful attention to 
soils as a part of their management plans and regulatory requirements. 
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SOIL CONSERVATION 
 
 
Soil is basic to the quality of life in Florida. It has important socioeconomic value in 
addition to producing timber, food, and fiber. Soils have aesthetic value and support 
open space, wildlife habitats, and recreational areas. They also serve as engineering 
media for construction purposes and municipal, industrial, and agricultural wastes. 
Soils are instrumental in groundwater recharge. As such, it is important to properly 
manage and conserve Florida’s soils. 
 
Of particular concern in soil conservation is erosion control. Erosion is defined as the 
wearing away of the land surface by water, wind, ice, or other geologic agents and by 
such processes as gravitational creep. 
 
Erosion my be classed as geologic or accelerated. Geologic erosion is caused by geologic 
processes acting over long geologic periods and resulting in the wearing away of 
mountains and the building up of such landscape features as floodplains and coastal 
systems. Geologic erosion is also known as natural erosion.  
 
Accelerated erosion is much more rapid than geologic erosion. Accelerated erosion is 
mainly the result of the activities of humans or other animals or of a natural catastrophe 
such as a hurricane or a wildfire. 
 
There are a number of conservation practices that can help protect our soil resource 
from erosion. The first principle in wind erosion control is to cover the soil. Vegetative 
cover slows the wind at ground level, protects soil particles from being detached, and 
traps other blowing soil particles. One of the most permanent wind erosion control 
methods is a wind barrier. There are also numerous agricultural practices such as crop 
residue management — leaving crop remains in the field as mulch — crop rotation, 
planting cover crops, strip cropping, and planting buffer strips that protect soil from 
erosion. 
 
Besides conservation of this valuable resource, erosion control also plays an important 
role in helping to curb nonpoint source pollution. Nonpoint source pollution occurs 
when rain or irrigation water runs over the land or through the ground, picks up 
pollutants, and deposits them in lakes, rivers, and coastal waters or introduces them to 
groundwater. Usually, these pollutants are solely thought of as fertilizers, pesticides, 
other chemicals, oils, animal wastes, or heavy metals. Soil sediments also contribute to 
nonpoint source pollution. They clog waterways, reduce aquatic species habitat and 
spawning areas, and reduce water clarity, inhibiting aquatic plant growth. Erosion 
control practices have multiple benefits. 
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There are many conservation practices that help to protect and preserve Florida’s soils. 
These practices include the use of soil-improving crops, control of noxious plants, 
selective tree harvesting, terracing of ridges and embankments, mulching, and prudent 
use of pesticides and fertilizers. 
 
Numerous agencies and organizations play a role in the conservation of Florida’s soils, 
including Florida’s water management districts, the University of Florida’s Institute of 
Food and Agricultural Science (IFAS), the Florida Farm Bureau, the Florida Department 
of Agriculture and Consumer Services (FDACS), the Florida Department of 
Environmental Protection (FDEP), and the Florida Association of Environmental Soil 
Scientists (FAESS). Some agencies particularly concerned with soil conservation are the 
Florida Association of Conservation Districts (FACD), the Natural Resources 
Conservation Service (NRCS), and local Soil and Water Conservation districts. Local 
offices for each can be found in most Florida counties. 
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APPENDIX 
 
 
Soil Biology Primer (The Living Soil) 
Soil Vocabulary 
Key to Soil Orders in Florida (UF/IFAS factsheet) 
Soil Texture (UF/IFAS factsheet) 
Soil Quality — Introduction (USDA, NRCS)) 
Soil Quality — Indicators for Soil Evaluation (USDA, NRCS) 
Soil Quality Indicators: Aggregate Stability (USDA, NRCS) 
Soil Quality Indicators: Infiltration (USDA, NRCS) 
Soil Quality Indicators: Organic Matter (USDA, NRCS) 
Soil Quality Indicators: pH (Reaction) (USDA, NRCS) 
Soil Quality Indicators: Soil Crusts (USDA, NRCS) 
Soil Quality Resource Concerns: Available Water Capacity (USDA, NRCS) 
Soil Quality Resource Concerns: Soil Erosion (USDA, NRCS) 
Agricultural Management Effects on Earthworm Population (USDA, NRCS) 
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SOIL BIOLOGY PRIMER 
(THE LIVING SOIL) 

 
 
BACTERIA 
 
A Few Important Bacteria 
 
Nitrogen-fixing bacteria form symbiotic associations with the roots of legumes like 
clover and lupine and trees such as alder and locust. Visible nodules are created where 
bacteria infect a growing root hair. The plant supplies simple carbon compounds to the 
bacteria, and the bacteria convert nitrogen (N2) from air into a form the plant host can 
use. When leaves or roots from the host plant decompose, soil nitrogen increases in the 
surrounding area. 
 
Nitrifying bacteria change ammonium (NH4

+) to nitrite (NO2
-) then to nitrate (NO3

-) — a 
preferred form of nitrogen for grasses and most row crops. Nitrate is leached more 
easily from the soil, so some farmers use nitrification inhibitors to reduce the activity of 
one type of nitrifying bacteria. Nitrifying bacteria are suppressed in forest soils, so that 
most of the nitrogen remains as ammonium. 
 
Denitrifying bacteria convert nitrate to nitrogen (N2) or nitrous oxide (N2O) gas. 
Denitrifiers are anaerobic, meaning they are active where oxygen is absent, such as in 
saturated soils or inside soil aggregates. 
 
Actinomycetes are a large group of bacteria that grow as hyphae-like fungi. They are 
responsible for the characteristically “earthy” smell of freshly turned, healthy soil. 
Actinomycetes decompose a wide array of substrates, but are especially important in 
degrading recalcitrant (hard to decompose) compounds, such as chitin and cellulose, 
and are active at high pH levels. Fungi are more important in degrading these 
compounds at low pH. A number of antibiotics are produced by actinomycetes, for 
example, streptomyces.  
 
Where Are the Bacteria? 
 
Various species of bacteria thrive on different food sources and in different 
microenvironments. In general, bacteria are more competitive when labile (easy to 
metabolize) substrates are present. This includes fresh, young plant residue and the 
compounds found near living roots. Bacteria are especially concentrated in the 
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rhizosphere, the narrow region next to and in the root. There is evidence that plants 
produce certain types of root exudates to encourage the growth of protective bacteria. 
 
Bacteria alter the soil environment to the extent that the soil environment will favor 
certain plant communities over others. Before plants can become established on fresh 
sediments, the bacterial community must establish first, starting with photosynthetic 
bacteria. These fix atmospheric nitrogen and carbon, produce organic matter, and 
immobilize enough nitrogen and other nutrients to initiate nitrogen cycling processes in 
the young soil. Then early successional plant species can grow. As the plant community 
is established, different types of organic matter enter the soil and change the type of 
food available to bacteria. In turn, the altered bacterial community changes soil 
structure and the environment for plants. Some researchers think it may be possible to 
control the plant species in a place by managing the soil bacteria community. 
 
FUNGI 
 
Fungi are microscopic cells that usually grow as long threads or strands called hyphae, 
which push their way between soil particles, roots, and rocks. Hyphae are usually only 
several thousandths of an inch (a few micrometers) in diameter. A single hyphae can 
span in length from a few cells to many yards. A few fungi, such as yeast, are single 
cells. 
 
Hyphae sometimes group into masses called mycelium or thick, cord-like 
“rhizomorphs” that look like roots. Fungal fruiting structures (mushrooms) are made of 
hyphal strands, spores, and some special structures like gills on which spores form. A 
single individual fungus can include many fruiting bodies scattered across an area as 
large as a baseball diamond. 
 
Fungi perform important services related to water dynamics, nutrient cycling, and 
disease suppression. Along with bacteria, fungi are important as decomposers in the 
soil food web. They convert hard-to-digest organic material into forms that other 
organisms can use. Fungal hyphae physically bind soil particles together, creating stable 
aggregates that help increase water infiltration and soil water-holding capacity. 
 
Soil fungi can be grouped into three general functional groups based on how they get 
their energy. Decomposers — saprophytic fungi — convert dead organic material into 
fungal biomass, carbon dioxide (CO2), and small molecules, such as organic acids. These 
fungi generally use complex substrates, such as the cellulose and lignin, in wood, and 
are essential in decomposing the carbon ring structures in some pollutants. A few fungi 
are called “sugar fungi” because they use the same simple substrates as do many 
bacteria. Like bacteria, fungi are important for immobilizing, or retaining, nutrients in 
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the soil. In addition, many of the secondary metabolites of fungi are organic acids, so 
they help increase the accumulation of humic-acid rich organic matter that is resistant to 
degradation and may stay in the soil for hundreds of years. 
 
Mutualists — the mycorrhizal fungi — colonize plant roots. In exchange for carbon 
from the plant, mycorrhizal fungi help solubolize phosphorus and bring soil nutrients 
(phosphorus, nitrogen, micronutrients, and perhaps water) to the plant. One major 
group of mycorrhizae, the ectomycorrhizae, grow on the surface layers of the roots and 
are commonly associated with trees. The second major group of mycorrhizae are the 
endomycorrhizae that grow within the root cells and are commonly associated with 
grasses, row crops, vegetables, and shrubs. Arbuscular mycorrhizal (AM) fungi are a 
type of endomycorrhizal fungi. Ericoid mycorrhizal fungi can by either ecto- or 
endomycorrhizal. 
 
The third group of fungi, pathogens or parasites, cause reduced production or death 
when they colonize roots and other organisms. Root-pathogenic fungi, such as 
Verticillium, Pythium, and Rhizoctonia, cause major economic losses in agriculture each 
year. Many fungi help control diseases. For example, nematode-trapping fungi that 
parasitize disease-causing nematodes and fungi that feed on insects may be useful as 
biocontrol agents. 
 
Where Are the Fungi? 
 
Saprophytic fungi are commonly active around woody plant residue. Fungal hyphae 
have advantages over bacteria in some soil environments. Under dry conditions, fungi 
can bridge gaps between pockets of moisture and continue to survive and grow, even 
when soil moisture is too low for most bacteria to be active. Fungi are able to use 
nitrogen up from the soil, allowing them to decompose surface residue, which is often 
low in nitrogen. 
 
Fungi are aerobic organisms. Soil which becomes anaerobic for significant periods 
generally loses its fungal component. Anaerobic conditions often occur in waterlogged 
soil and in compacted soils. 
 
Fungi are especially extensive in forested lands. Forests have been observed to increase 
in productivity as fungal biomass increases. 
 
PROTOZOA 
 
Protozoa are single-celled animals that feed primarily on bacteria but also eat other 
protozoa, soluble organic matter, and sometimes fungi. They are several times larger 
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than bacteria, ranging from 1/5,000 to 1/50 of an inch (5 to 500 •m) in diameter. As 
they eat bacteria, protozoa release excess nitrogen that can then be used by plants and 
other members of the food web. 
 
Protozoa are classified into three groups based on their shape: Ciliates are the largest 
and move by means of hair-like cilia. They eat the other two types of protozoa, as well 
as bacteria. Amoebae also can be quite large and move by means of a temporary foot or 
“pseudopod.” Amoebae are further divided into testate amoebae (which make a shell-
like covering) and naked amoebae (without a covering). Flagellates are the smallest of 
the protozoa and use a few whip-like flagella to move. 
 
What Do Protozoa Do? 
 
Protozoa play an important role in mineralizing nutrients, making them available for 
use by plants and other soil organisms. Protozoa (and nematodes) have a lower 
concentration of nitrogen in their cells than the bacteria they eat. (The ratio of carbon to 
nitrogen for protozoa is 10:1 or much more and 3:1 to 10:1 for bacteria.) Bacteria eaten 
by protozoa contain too much nitrogen for the amount of carbon protozoa need. They 
release the excess nitrogen in the form of ammonium (NH4

+). This usually occurs near 
the root system of a plant. Bacteria and other organisms rapidly take up most of the 
ammonium, but some is used by the plant.  
 
Another role that protozoa play is in regulating bacteria populations. When they graze 
on bacteria, protozoa stimulate growth of the bacterial population (and, in turn, 
decomposition rates and soil aggregation). Exactly why this happens is under some 
debate, but grazing can be thought of like pruning a tree — a small amount enhances 
growth, too much reduces growth or will modify the mix of species in the bacterial 
community. 
 
Protozoa are also an important food source for other soil organisms and help to 
suppress disease by competing with or feeding on pathogens. 
 
Where are the Protozoa? 
 
Protozoa need bacteria to eat and water in which to move, so moisture plays a big role 
in determining which types of protozoa will be present and active. Like bacteria, 
protozoa are particularly active in the rhizosphere next to roots. 
 
Typical numbers of protozoa in soil vary widely — from a thousand per teaspoon in 
low fertility soils to a million per teaspoon in some highly fertile soils. Fungal-
dominated soils (e.g., forests) tend to have more testate amoebae and ciliates than other 
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types. In bacterial-dominated soils, flagellates and naked amoebae predominate. In 
general, high clay-content soils contain a higher number of smaller protozoa (flagellates 
and naked amoebae), while coarser textured soils contain more large flagellates, 
amoebae of both varieties, and ciliates. 
 
Protozoa need bacteria to eat and water in which to move, so moisture plays a big role 
in determining which types of protozoa will be present and active. Like bacteria, 
protozoa are particularly active in the rhizosphere next to roots. 
 
NEMATODES 
 
Nematodes are nonsegmented worms typically 1/500 of an inch (50 •m) in diameter 
and 1/20 of an inch (1 mm) in length. Those few species responsible for plant diseases 
have received a lot of attention, but far less is known about the majority of the 
nematode community that plays beneficial roles in soil. 
 
An incredible variety of nematodes function at several trophic levels of the soil food 
web. Some feed on the plants and algae (first trophic level), others are grazers that feed 
on bacteria and fungi (second trophic level), and some feed on other nematodes (higher 
trophic levels). 
 
Free-living nematodes can be divided into four broad groups based on their diet. 
Bacterial-feeders consume bacteria. Fungal-feeders feed by puncturing the cell wall of 
fungi and sucking out the internal contents. Predatory nematodes eat all types of 
nematodes and protozoa. They eat smaller organisms whole or attach themselves to the 
cuticle of larger nematodes, scraping away until the prey’s internal body parts can be 
extracted. Omnivores eat a variety of organisms or may have a different diet at each life 
stage. Root-feeders are plant parasites and thus are not free-living in the soil. 
 
What Do Nematodes Do? 
 
Nutrient cycling. Like protozoa, nematodes are important in mineralizing, or releasing, 
nutrients in plant-available forms. When nematodes eat bacteria or fungi, ammonium 
(NH4

+) is released because bacteria and fungi contain much more nitrogen than the 
nematodes require. 
 
Grazing. At low nematode densities, feeding by nematodes stimulates the growth rate 
of prey populations. That is, bacterial-feeders stimulate bacterial growth, plant-feeders 
stimulate plant growth, and so on. At higher densities, nematodes will reduce the 
population of their prey. This may decrease plant productivity, may negatively impact 
mycorrhizal fungi, and can reduce decomposition and immobilization rates by bacteria 
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and fungi. Predatory nematodes may regulate populations of bacterial- and fungal-
feeding nematodes, thus preventing over-grazing by those groups. Nematode grazing 
may control the balance between bacteria and fungi and the species composition of the 
microbial community. 
 
Dispersal of microbes. Nematodes help distribute bacteria and fungi through the soil 
and along roots by carrying live and dormant microbes on their surfaces and in their 
digestive systems. 
 
Food source. Nematodes are food for higher level predators, including predatory 
nematodes, soil microarthropods, and soil insects. They are also parasitized by bacteria 
and fungi. 
 
Disease suppression and development. Some nematodes cause disease. Others 
consume disease-causing organisms, such as root-feeding nematodes, or prevent their 
access to roots. These may be potential biocontrol agents. 
 
Where Are the Nematodes? 
 
Nematodes are concentrated near their prey groups. Bacterial-feeders abound near 
roots where bacteria congregate; fungal-feeders are near fungal biomass; root-feeders 
are concentrated around roots of stressed or susceptible plants. Predatory nematodes 
are more likely to be abundant in soils with high numbers of nematodes. 
 
Because of their size, nematodes tend to be more common in coarser textured soils. 
Nematodes move in water films in large (>1/500 inch or 50 •m) pore spaces. 
 
Agricultural soils generally support less than 100 nematodes in each teaspoon (dry 
gram) of soil. Grasslands may contain 50 to 500 nematodes, and forest soils generally 
hold several hundred per teaspoon. The proportion of bacterial-feeding and fungal-
feeding nematodes is related to the amount of bacteria and fungi in the soil. Commonly, 
less disturbed soils contain more predatory nematodes, suggesting that predatory 
nematodes are highly sensitive to a wide range of disturbances. 
 
Nematodes and Soil Quality 
 
Nematodes may be useful indicators of soil quality because of their tremendous 
diversity and their participation in many functions at different levels of the soil food 
web. Several researchers have proposed approaches to assessing the status of soil 
quality by counting the number of nematodes in different families or trophic groups. In 
addition to their diversity, nematodes may be useful indicators because their 



Appendix 

 

 
 

31 

populations are relatively stable in response to changes in moisture and temperature (in 
contrast to bacteria), yet nematode populations respond to land management changes 
in predictable ways. Because they are quite small and live in water films, changes in 
nematode populations reflect changes in soil microenvironments. 
 
ANTHROPODS 
 
Many bugs, known as arthropods, make their home in the soil. They get their name 
from their jointed (arthros) legs (podos). Arthropods are invertebrates, that is, they have 
no backbone and rely instead on an external covering called an exoskeleton. 
 
Arthropods range in size from microscopic to several inches in length. They include 
insects, such as springtails, beetles, and ants; crustaceans such as sowbugs; arachnids 
such as spiders and mites; myriapods, such as centipedes and millipedes; and 
scorpions. 
 
Nearly every soil is home to many different arthropod species. Certain row-crop soils 
contain several dozen species of arthropods in a square mile. Several thousand different 
species may live in a square mile of forest soil. 
 
Arthropods can be grouped as shredders, predators, herbivores, and fungal-feeders, 
based on their functions in soil. Most soil-dwelling arthropods eat fungi, worms, or 
other arthropods. Root-feeders and dead-plant shredders are less abundant. As they 
feed, arthropods aerate and mix the soil, regulate the population size of other soil 
organisms, and shred organic material. 
 
Shredders 
 
Many large arthropods frequently seen on the soil surface are shredders. Shredders 
chew up dead plant matter as they eat bacteria and fungi on the surface of the plant 
matter. The most abundant shredders are millipedes and sowbugs, as well as termites, 
certain mites, and roaches. In agricultural soils, shredders can become pests by feeding 
on live roots if sufficient dead plant material is not present. Millipedes are also called 
diplopods because they possess two pairs of legs on each body segment. They are 
generally harmless to people, but most millipedes protect themselves from predators by 
spraying an offensive odor from their skunk glands. The desert-dwelling giant 
millipede is about 8 inches long. Sowbugs are relatives of crabs and lobsters. Their 
powerful mouthparts are used to fragment plant residue and leaf litter. 
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Predators 
 
Predators and micropredators can be either generalists, feeding on many different prey 
types, or specialists, hunting only a single prey type. Predators include centipedes, 
spiders, ground beetles, scorpions, skunk-spiders, pseudoscorpions, ants, and some 
mites. Many predators eat crop pests, and some, such as beetles and parasitic wasps, 
have been developed for use as commercial biocontrols. 
 
Long, slim centipedes crawl through spaces in the soil preying on earthworms and 
other soft-skinned animals. Centipede species with longer legs are familiar around 
homes and in leaf litter. Predatory mites prey on nematodes, springtails, other mites, 
and the larvae of insects. The powerful mouthparts on the tiger beetle (a carabid beetle) 
make it a swift and deadly ground-surface predator. Many species of carabid beetles are 
common in cropland. Rugose harvester ants are scavengers rather than predators. They 
eat dead insects and gather seeds in grasslands and deserts where they burrow 10 feet 
into the ground. Their sting is 100 times more powerful than a fire ant sting. 
 
Herbivores 
 
Numerous root-feeding insects, such as cicadas, mole crickets, and anthomyiid flies 
(root-maggots), live part or all of their life in the soil. Some herbivores, including 
rootworms and symphylans, can be crop pests where they occur in large numbers, 
feeding on roots or other plant parts. The symphylan, a relative of the centipede, feeds 
on plant roots and can become a major crop pest if its population is not controlled by 
other organisms. 
 
Fungal Feeders 
 
Arthropods that graze on fungi (and to some extent bacteria) include most springtails, 
some mites, and silverfish. They scrape and consume bacteria and fungi off root 
surfaces. A large fraction of the nutrients available to plants is a result of microbial-
grazing and nutrient release by fauna. 
 
A pale-colored and blind springtail is typical of fungal-feeding springtails that live deep 
in the surface layer of natural and agricultural soils throughout the world. Oribatid 
turtle-mites are among the most numerous of the microarthropods. This millimeter-
long species feeds on fungi. 
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What Do Arthropods Do? 
 
Although the plant feeders can become pests, most arthropods perform beneficial 
functions in the soil-plant system. 
 
Shred organic material. Arthropods increase the surface area accessible to microbial 
attack by shredding dead plant residue and burrowing into coarse woody debris. 
Without shredders, a bacterium in leaf litter would be like a person in a pantry without 
a can-opener — eating would be a very slow process. The shredders act like can-
openers and greatly increase the rate of decomposition. Arthropods ingest decaying 
plant material to eat the bacteria and fungi on the surface of the organic material. 
 
Stimulate microbial activity. As arthropods graze on bacteria and fungi, they stimulate 
the growth of mycorrhizae and other fungi and the decomposition of organic matter. If 
grazer populations get too dense, the opposite effect can occur — populations of 
bacteria and fungi will decline. Predatory arthropods are important to keep grazer 
populations under control and to prevent them from over-grazing microbes. 
 
Mix microbes with their food. From a bacterium’s point of view, just a fraction of a 
millimeter is infinitely far away. Bacteria have limited mobility in soil and a competitor 
is likely to be closer to a nutrient treasure. Arthropods help out by distributing 
nutrients through the soil and by carrying bacteria on their exoskeleton and through 
their digestive system. By more thoroughly mixing microbes with their food, 
arthropods enhance organic matter decomposition. 
 
Mineralize plant nutrients. As they graze, arthropods mineralize some of the nutrients 
in bacteria and fungi and excrete nutrients in plant-available forms. 
 
Enhance soil aggregation. In most forested and grassland soils, every particle in the 
upper several inches of soil has been through the gut of numerous soil fauna. Each time 
soil passes through another arthropod or earthworm, it is thoroughly mixed with 
organic matter and mucus and deposited as fecal pellets. Fecal pellets are a highly 
concentrated nutrient resource, and are a mixture of the organic and inorganic 
substances required for growth of bacteria and fungi. In many soils, aggregates between 
1/10,000 and 1/10 of an inch (0.0025mm and 2.5mm) are actually fecal pellets. 
 
Burrow. Relatively few arthropod species burrow through the soil. Yet, within any soil 
community, burrowing arthropods and earthworms exert an enormous influence on the 
composition of the total fauna by shaping habitat. Burrowing changes the physical 
properties of soil, including porosity, water-infiltration rate, and bulk density. 
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Stimulate the succession of species. A dizzying array of natural bio-organic chemicals 
permeates the soil. Complete digestion of these chemicals requires a series of many 
types of bacteria, fungi, and other organisms with different enzymes. At any time, only 
a small subset of species is metabolically active — only those capable of using the 
resources currently available. Soil arthropods consume the dominant organisms and 
permit other species to move in and take their place, thus facilitating the progressive 
breakdown of soil organic matter. 
 
Control pests. Some arthropods can be damaging to crop yields, but many others that 
are present in all soils eat or compete with various root- and foliage-feeders. Some (the 
specialists) feed on only a single type of prey species. Other arthropods (the 
generalists), such as many species of centipedes, spiders, ground-beetles, rove-beetles, 
and gamasid mites, feed on a broad range of prey. Where a healthy population of 
generalist predators is present, they will be available to deal with a variety of pest 
outbreaks. A population of predators can only be maintained between pest outbreaks if 
there is a constant source of non-pest prey to eat. That is, there must be a healthy and 
diverse food web. 
 
A fundamental dilemma in pest control is that tillage and insecticide application have 
enormous effects on non-target species in the food web. Intense land use (especially 
monoculture, tillage, and pesticides) depletes soil diversity. As total soil diversity 
declines, predator populations drop sharply and the possibility for subsequent pest 
outbreaks increases. 
 
The abundance and diversity of soil fauna diminishes significantly with soil depth. The 
great majority of all soil species are confined to the top 3 inches. Most of these creatures 
have limited mobility and are probably capable of “cryptobiosis,” a state of “suspended 
animation” that helps them survive extremes of temperature, wetness, or dryness that 
would otherwise be lethal. 
 
As a general rule, larger species are active on the soil surface, seeking temporary refuge 
under vegetation, plant residue, wood, or rocks. Many of these arthropods commute 
daily to forage within herbaceous vegetation above, or even high in, the canopy of trees. 
(For instance, one of these tree-climbers is the caterpillar-searcher used by foresters to 
control gypsy moth). Some large species capable of true burrowing live within the 
deeper layers of the soil. 
 
Below about 2 inches in the soil, fauna are generally small — 1/250 to 1/10 of an inch; 
(25 of the smallest of these would fit in a period on this page). These species are usually 
blind and lack prominent coloration. They are capable of squeezing through minute 
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pore spaces and along root channels. Sub-surface soil dwellers are associated primarily 
with the rhizosphere (the soil volume immediately adjacent to roots). 
 
Abundance of Anthropods 
 
A single square yard of soil will contain 500 to 200,000 individual arthropods, 
depending upon the soil type, plant community, and management system. Despite 
these large numbers, the biomass of arthropods in soil is far less than that of protozoa 
and nematodes. 
 
In most environments, the most abundant soil dwellers are springtails and mites, 
though ants and termites predominate in certain situations, especially in desert and 
tropical soils. The largest number of arthropods are in natural plant communities with 
few earthworms (such as conifer forests). Natural communities with numerous 
earthworms (such as grassland soils) have the fewest arthropods. Apparently, 
earthworms out-compete arthropods, perhaps by excessively reworking their habitat or 
eating them incidentally. However, within pastures and farmlands, arthropod numbers 
and diversity are generally thought to increase as earthworm populations rise. 
Burrowing earthworms probably create habitat space for arthropods in agricultural 
soils. 
 
EARTHWORMS 
 
Of all the members of the soil food web, earthworms need the least introduction. Most 
people become familiar with these soft, slimy, invertebrates at a young age. 
Earthworms are hermaphrodites, meaning that they exhibit both male and female 
characteristics. 
 
They are major decomposers of dead and decomposing organic matter and derive their 
nutrition from the bacteria and fungi that grow upon these materials. They fragment 
organic matter and make major contributions to recycling the nutrients it contains. 
 
Earthworms occur in most temperate soils and many tropical soils. They are divided 
into 23 families, more than 700 genera, and more than 7,000 species. They range from an 
inch to 2 yards in length and are found seasonally at all depths in the soil. In terms of 
biomass and overall activity, earthworms dominate the world of soil invertebrates, 
including arthropods. 
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What Do Earthworms Do? 
 
Earthworms dramatically alter soil structure, water movement, nutrient dynamics, and 
plant growth. They are not essential to all healthy soil systems, but their presence is 
usually an indicator of a healthy system. Earthworms perform several beneficial 
functions. 
 
Stimulate microbial activity. Although earthworms derive their nutrition from 
microorganisms, many more microorganisms are present in their feces or casts than in 
the organic matter that they consume. As organic matter passes through their intestines, 
it is fragmented and inoculated with microorganisms. Increased microbial activity 
facilitates the cycling of nutrients from organic matter and their conversion into forms 
readily taken up by plants. 
 
Mix and aggregate soil. As they consume organic matter and mineral particles, 
earthworms excrete wastes in the form of casts, a type of soil aggregate. Charles Darwin 
calculated that earthworms can move large amounts of soil from the lower strata to the 
surface and also carry organic matter down into deeper soil layers. A large proportion 
of soil passes through the guts of earthworms, and they can turn over the top 6 inches 
(15 cm) of soil in 10 to 20 years. 
 
Increase infiltration. Earthworms enhance porosity as they move through the soil. 
Some species make permanent burrows deep into the soil. These burrows can persist 
long after the inhabitant has died and can be a major conduit for soil drainage, 
particularly under heavy rainfall. At the same time, the burrows minimize surface 
water erosion. The horizontal burrowing of other species in the top several inches of 
soil increases overall porosity and drainage. 
 
Improve water-holding capacity. By fragmenting organic matter and increasing soil 
porosity and aggregation, earthworms can significantly increase the water-holding 
capacity of soils. 
 
Provide channels for root growth. The channels made by deep-burrowing earthworms 
are lined with readily available nutrients and make it easier for roots to penetrate deep 
into the soil. 
 
Bury and shred plant residue. Plant and crop residue are gradually buried by cast 
material deposited on the surface and as earthworms pull surface residue into their 
burrows. 
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Where Are Earthworms? 
 
Different species of earthworms inhabit different parts of the soil and have distinct 
feeding strategies. They can be separated into three major ecological groups based on 
their feeding and burrowing habits. All three groups are common and important to soil 
structure. 
 
Surface soil and litter species — Epigeic species. These species live in or near surface 
plant litter. They are typically small and are adapted to the highly variable moisture 
and temperature conditions at the soil surface. The worms found in compost piles are 
epigeic and are unlikely to survive in the low organic matter environment of soil. 
 
Upper soil species — Endogeic species. Some species move and live in the upper soil 
strata and feed primarily on soil and associated organic matter (geophages). They do 
not have permanent burrows, and their temporary channels become filled with cast 
material as they move through the soil, progressively passing it through their intestines. 
 
Deep-burrowing species — Anecic species. These earthworms, which are typified by the 
“night crawler,” Lumbricus terrestris, inhabit more or less permanent burrow systems 
that may extend several meters into the soil. They feed mainly on surface litter that they 
pull into their burrows. They may leave plugs, organic matter, or cast (excreted soil and 
mineral particles) blocking the mouth of their burrows.  
 
Looking for Earthworms? 
 
It is easy to determine whether you have an adequate population of earthworms in 
your soil. Look for their casts in the forms of little piles of soil, mineral particles, or 
organic matter at the soil surface. They can be seen moving over the soil surface or even 
breeding, particularly on warm, damp nights. Dump a spadeful of moist soil into a 
bucket or onto a sheet of plastic, and sort through for earthworms. Can you identify 
different species? To find the deep burrowing species, pour a dilute mustard solution 
onto the soil. Many will quickly come to the soil surface in response to this irritant. 
 
Abundance and Distribution of Earthworms 
 
The majority of temperate and many tropical soils support significant earthworm 
populations. A square yard of cropland in the United States can contain from 50 to 300 
earthworms, or even larger populations in highly organic soils. A similar area of 
grassland or temperate woodlands will have from 100 to 500 earthworms. Based on 
their total biomass, earthworms are the predominant group of soil invertebrates in most 
soils. 
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The family of earthworms that is most important in enhancing agricultural soil is 
Lumbricidae, which includes the genuses Lumbricus, Aporrectodea, and several others. 
Lumbricids originated in Europe and have been transported by human activities to 
many parts of the world. The United States has only one or two known native species of 
lumbricids. Others were brought to this country by settlers (probably in potted plants 
from Europe) and were distributed down the waterways. 
 
Generally, lumbricids are much more common in the north and east than in the drier 
south and west of the United States. They tend to be more abundant in loam and clay 
loam and even in silty soil than in sandy soil and heavy clay. Populations also build up 
in irrigated soil. Earthworm populations tend to increase with soil organic matter levels 
and decrease with soil disturbances, such as tillage and potentially harmful chemicals. 
 
Interaction of Earthworms With Other Members of the Food Web 
 
The lives of earthworms and microbes are closely intertwined. Earthworms derive their 
nutrition from fungi, bacteria, and possibly protozoa and nematodes, and they promote 
the activity of these organisms by shredding and increasing the surface area of organic 
matter and making it more available to small organisms. 
 
Earthworms also influence other soil-inhabiting invertebrates by changing the amount 
and distribution of organic matter and microbial populations. There is good evidence 
that earthworm activity affects the spatial distribution of soil microarthropod 
communities in the soil. 
 
Earthworms have few invertebrate enemies other than flatworms and a species of 
parasitic fly. Their main predators are a wide range of birds and mammals that prey 
upon them at the soil surface. 
 
Earthworms and Water Quality 
 
Earthworms improve water infiltration and water-holding capacity because their 
shredding, mixing, and defecating enhances soil structure. In addition, burrows provide 
quick entry for water into and through soil. High infiltration rates help prevent 
pollution by minimizing runoff, erosion, and chemical transport to surface waters. 
 
There is concern that burrows may increase the transport of pollutants, such as nitrates 
or pesticides, into groundwater. However, the movement of potential pollutants 
through soil is not a straightforward process and it is not clear when earthworm activity 
will or will not have a negative impact on groundwater quality. 
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Whether pollutants reach groundwater depends on a number of factors, including the 
location of pollutants on the surface or within soil, the quantity and intensity of rain, 
how well water moves into and through other parts of the soil, and characteristics of the 
burrows. The horizontal burrows of endogeic earthworms (such as Aporrectodea 
tuberculata, which are common in Midwestern fields) do not transport water and solutes 
as deeply as the vertical burrows of night crawlers (L. terrestris) and other anecic 
species. Even vertical burrows, however, are not direct channels for water movement. 
They have bends and turns and are lined with organic matter that adsorbs many 
potential pollutants from the water. 
 
Although there is much more to learn about how earthworms affect water movement 
through soil, they clearly help minimize pollution of surface waters by improving 
infiltration rates and decreasing runoff. 
 
Night Crawlers and Tillage 
 
The substitution of conventional tillage by no-till or conservation tillage is increasingly 
common and widely adopted in the United States and elsewhere. In these situations, 
earthworms, particularly the “night crawler,” Lumbricus terrestris L., are especially 
important. Earthworms become the main agent for incorporating crop residue into the 
soil by pulling some into their burrows and by slowly burying the remainder under 
casts laid on the soil surface. 
 
In reduced-tillage systems, surface residue builds up and triggers growth in earthworm 
populations. Earthworms need the food and habitat provided by surface residue, and 
they eat the fungi that become more common in no-till soils. As earthworm populations 
increase, they pull more and more residue into their burrows, helping to mix organic 
matter into the soil, improving soil structure and water infiltration. 
 
Reference source: 
The above text was taken from the Soil Biology Primer Web site Tugel, A.J., A.M. 
Lewandowski, eds. (February 2001 — last update). Soil Biology Primer [online]. 
Available at www.statlab.iastate.edu/survey/SQI/soil_biology_primer.htm [12/11/01].  
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SOIL VOCABULARY 
 
 
ABC soil. A soil having an A, a B, and a C horizon. 
 
Aggregate, soil. Many fine particles held in a single mass or cluster. Natural soil 
aggregates, such as granules, blocks, or prisms, are called peds. Clods are aggregates 
produced by tillage or logging. 
 
Alkali (sodic) soil. A soil having so high a degree of alkalinity (pH 8.5 or higher) or so 
high a percentage of exchangeable sodium (15% or more of the total exchangeable 
bases), or both, that plant growth is restricted. 
 
Alluvium. Material, such as sand, silt, or clay, deposited on land by streams. 
 
Aquic conditions. Current soil wetness characterized by saturation, reduction, and 
redoximorphic features. 
 
Association, soil. A group of soils or miscellaneous areas geographically associated in a 
characteristic repeating pattern and defined and delineated as a single map unit. 
 
Available water capacity (available moisture capacity). The capacity of soils to hold 
water available for use by most plants. It is commonly defined as the difference between 
the amount of soil water at field moisture capacity and the amount at wilting point. It is 
commonly expressed as inches of water per inch of soil. The capacity, in inches, in a 60-
inch profile or to a limiting layer is expressed as 

Very low ................................. 0 to 3 
Low.......................................... 3 to 6 
Moderate ................................ 6 to 9 
High ...................................... 9 to 12 
Very high.................. more than 12 

 
Bedding planes. Fine strata, less than 5 millimeters thick, in unconsolidated alluvial, 
eolian, lacustrine, or marine sediment. 
 
Bedrock. The solid rock that underlies the soil and other unconsolidated material or 
that is exposed at the surface. 
 
Bottomland. The normal floodplain of a stream, subject to flooding. 
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Calcareous soil. A soil containing enough calcium carbonate (commonly combined 
with magnesium carbonate) to bubble visibly when treated with cold, dilute 
hydrochloric acid. 
 
Cation. An ion carrying a positive charge of electricity. 
 
Clay. Mineral soil particles less than 0.002 millimeter in diameter. As a soil textural 
classification, soil material that is 40% or more clay, less than 45% sand, and less than 
40% silt. 
 
Clay film. A thin coating of oriented clay on the surface of a soil aggregate or lining 
pores or root channels. Synonyms: clay coating, clay skin. 
 
Complex, soil. A map unit of two or more kinds of soil in so small an area that it is not 
practical to map them separately at the selected scale of mapping. The pattern and 
proportion of the soils or miscellaneous areas are somewhat similar in all areas. 
 
Concretions. Cemented bodies with crude internal symmetry organized around a 
point, a line, or a plane. They typically take the form of concentric layers visible to the 
naked eye. Calcium carbonate, iron oxide, and manganese oxide are common 
compounds making up concretions.  
 
Conservation cropping system. Growing crops in combination with needed 
agricultural and management practices.  
 
Conservation tillage. A tillage system that does not invert the soil and that leaves a 
protective amount of crop residue on the surface throughout the year. 
 
Consistence, soil. Refers to the degree of cohesion and adhesion of soil material and its 
resistance to deformation when ruptured. Consistence includes resistance of soil 
material to rupture and to penetration; plasticity, toughness, and stickiness of puddled 
soil material, and the manner in which the soil material behaves when subject to 
compression. 
 
Contour stripcropping. Growing crops in strips that follow the contour. Strips of grass 
or close-growing crops are alternated with strips of clean-tilled crops or summer fallow. 
 
Control section. The part of the soil on which classification is based. The thickness 
varies among different kinds of soil, but for many it is that part of the soil profile 
between depths of 10 inches and 40 or 80 inches. 
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Corrosion. Soil-induced electrochemical or chemical action that dissolves or weakens 
concrete or uncoated steel. 
 
Cover crop. A crop grown primarily to improve and protect the soil between periods of 
regular crop production, or a crop grown between trees and vines in orchards and 
vineyards. 
 
Cropping system. Growing crops according to a planned system of rotation and 
management practices. 
 
Crop residue management. Returning crop residue to the soil, which helps to maintain 
soil structure, organic matter content, and fertility and helps to control erosion. 
 
Diversion (or diversion terrace). A ridge of earth, generally a terrace, built to protect 
downslope areas by diverting runoff from its natural course. 
 
Drainage class (natural). Refers to the frequency and duration of wet periods under 
conditions similar to those under which the soil formed. Seven classes of natural soil 
drainage are recognized — excessively drained, somewhat excessively drained, well 
drained, moderately well drained, somewhat poorly drained, poorly drained, and very 
poorly drained.  
 
Drainage, surface. Runoff, or surface flow of water, from an area. 
 
Eluviation. The movement of material in true solution or colloidal suspension from one 
place to another within the soil. Soil horizons that have lost material through eluviation 
are eluvial; those that have received material are illuvial. 
 
Endosaturation. A type of saturation of the soil in which all horizons between the 
upper boundary of saturation and a depth of 2 meters are saturated. 
 
Episaturation. A type of saturation indicating a perched water table in a soil in which 
saturated layers are underlain by one or more unsaturated layers within 2 meters of the 
surface. 
 
Erosion. The wearing away of the land surface by water, wind, ice, or other geologic 
agents and by such processes as gravitational creep. 
 
Erosion (geologic). Erosion caused by geologic processes acting over long geologic 
periods and resulting in the wearing away of mountains and the building up of such 
landscape features as floodplains and coastal plains. Also called natural erosion. 
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Erosion (accelerated). Erosion much more rapid than geologic erosion, mainly as a 
result of human or animal activities or of a catastrophe in nature, such as a fire, that 
exposes the surface. 
 
Excess fines (in tables). Excess silt and clay in the soil.  
 
Excess sodium (in tables). Excess exchangeable sodium in the soil. The resulting poor 
physical properties restrict the growth of plants. 
 
Fallow. Cropland left idle in order to restore productivity through accumulation of 
moisture. Summer fallow is common in regions of limited rainfall where cereal grain is 
grown. 
 
Fast intake (in tables). The rapid movement of water into the soil. 
 
Fine textured soil. Sandy clay, silty clay, or clay. 
 
Floodplain. A nearly level alluvial plain that borders a stream and is subject to flooding 
unless protected artificially. 
 
Fluvial. Of or pertaining to rivers; produced by river action, as a fluvial plain. 
 
Fragipan. A loamy, brittle subsurface horizon low in porosity and content of organic 
matter and low or moderate in clay but high in silt or very fine sand. A fragipan 
appears cemented and restricts roots. When dry, it is hard or very hard and has a higher 
bulk density than the horizon or horizons above. When moist, it tends to rupture 
suddenly under pressure rather than to deform slowly. 
 
Grassed waterway. A natural or constructed waterway, typically broad and shallow, 
seeded to grass as protection against erosion.  
 
Gravel. Rounded or angular fragments of rock as much as 3 inches (2 millimeters to 7.6 
centimeters) in diameter. An individual piece is a pebble. 
 
Groundwater. Water filling all the unblocked pores of the material below the water 
table. 
 
Gully. A miniature valley with steep sides cut by running water and through which 
water ordinarily runs after rainfall. The distinction between a gully and a rill is one of 
depth. A gully generally is an obstacle to farm machinery and is too deep to be 
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obliterated by ordinary tillage; a rill is of lesser depth and can be smoothed over by 
ordinary tillage. 
 
Hard bedrock. Bedrock that cannot be excavated except by blasting or by the use of 
special equipment that is not commonly used in construction. 
 
High-residue crops. Such crops as small grain and corn used for grain. If properly 
managed, residue from these crops can be used to control erosion until the next crop in 
the rotation is established. These crops return large amounts of organic matter to the 
soil. 
 
Horizon, soil. A layer of soil, approximately parallel to the surface, having distinct 
characteristics produced by soil-forming processes. In the identification of soil horizons, 
an uppercase letter represents the major horizons. Numbers or lowercase letters that 
follow represent subdivisions of the major horizons. The major horizons of mineral soil 
are as follows: 

A horizon — The mineral horizon at or near the surface in which an accumulation 
of humified organic matter is mixed with the mineral material. Also, a plowed 
surface horizon, most of which was originally part of a B horizon. 
E horizon — The mineral horizon in which the main feature is loss of silicate clay, 
iron, aluminum, or some combination of these. 
B horizon — The mineral horizon below an A horizon. The B horizon is in part a 
layer of transition from the overlying A to the underlying C horizon. The B 
horizon also has distinctive characteristics, such as (1) accumulation of clay, 
sesquioxides, humus, or a combination of these; (2) prismatic or blocky structure; 
(3) redder or browner colors than those in the A horizon; or (4) a combination of 
these. 
C horizon — The mineral horizon or layer, excluding indurated bedrock, that is 
little affected by soil-forming processes and does not have the properties typical 
of the overlying soil material. The material of a C horizon may be either like or 
unlike that in which the solum formed. If the material is known to differ from 
that in the solum, an Arabic numeral, commonly a 2, precedes the letter C.  
Cr horizon — Soft, consolidated bedrock beneath the soil.  
R layer — Consolidated bedrock beneath the soil. The bedrock commonly 
underlies a C horizon, but it can be directly below an A or a B horizon. 

 
Hydrologic soil groups. Refers to soils grouped according to their runoff potential. 
Runoff potential is affected by depth to a seasonal high water table, the infiltration rate 
and permeability after prolonged wetting, and depth to a very slowly permeable layer.  
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Illuviation. The movement of soil material from one horizon to another in the soil 
profile. Generally, material is removed from an upper horizon and deposited in a lower 
horizon. 
 
Infiltration. The downward entry of water into the immediate surface of soil or other 
material, as contrasted with percolation, which is movement of water through soil 
layers or material. 
 
Intake rate. The average rate of water entering the soil under irrigation. Most soils have 
a fast initial rate; the rate decreases with application time. Therefore, intake rate for 
design purposes is not a constant but is a variable depending on the net irrigation 
application. The rate of water intake, in inches per hour, is expressed as follows: 

Less than 0.2...........................very low 
0.2 to 0.4 ...........................................low 
0.4 to 0.75 ....................moderately low 
0.75 to 1.25 .............................moderate 
1.25 to 1.75 ................ moderately high 
1.75 to 2.5 ....................................... high 
More than 2.5 ....................... very high 

 
Intermittent stream. A stream that carries water only part of the time, generally in 
response to periods of heavy runoff either from snowmelt or storms. 
 
Irrigation. Application of water to soils. Methods of irrigation are 

Border — Water is applied at the upper end of a strip in which the lateral flow 
of water is controlled by small earth ridges called border dikes, or borders. 
Furrow — Water is applied in small ditches made by cultivation implements. 
Furrows are used for tree and row crops. 
Sprinkler — Water is sprayed over the soil surface through pipes or nozzles 
from a pressure system. 

 
Leaching. The removal of soluble material from soil or other material by percolating 
water. 
 
Loam. Soil material that is 7–27% clay particles, 28–50% silt particles, and less than 52% 
sand particles. 
 
Mineral soil. Soil that is mainly mineral material and low in organic material. 
 
Minimum tillage. Only the tillage essential to crop production and prevention of soil 
damage. 
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Morphology, soil. The physical makeup of the soil, including the texture, structure, 
porosity, consistence, color, and other physical, mineral, and biological properties of the 
various horizons, and the thickness and arrangement of those horizons in the soil 
profile. 
 
Munsell notation. A designation of color by degrees of three simple variables — hue, 
value, and chroma. For example, a notation of 10YR 6/4 is a color with hue of 10YR, 
value of 6, and chroma of 4. 
 
Nodules. Cemented bodies lacking visible internal structure. Calcium carbonate, iron 
oxide, and manganese oxide are common compounds making up nodules.  
 
Nutrient, plant. Any element taken in by a plant essential to its growth. Plant nutrients 
are mainly nitrogen, phosphorus, potassium, calcium, magnesium, sulfur, iron, 
manganese, copper, boron, and zinc obtained from the soil and carbon, hydrogen, and 
oxygen obtained from the air and water 
 
Organic matter. Plant and animal residue in the soil in various stages of decomposition. 
The content of organic matter in the surface layer is described as follows: 

Very low ........................less than 0.5% 
Low.......................................0.5 to 1.0% 
Moderately low ..................1.0 to 2.0% 
Moderate .............................2.0 to 4.0% 
High .....................................4.0 to 8.0% 
Very high....................more than 8.0% 

 
Parent material. The unconsolidated organic and mineral material in which soil forms. 
 
Permeability. The quality of the soil that enables water or air to move downward 
through the profile. The rate at which a saturated soil transmits water is accepted as a 
measure of this quality. In line with conventional usage in the engineering profession 
and with traditional usage in published soil surveys, this rate of flow continues to be 
expressed as “permeability.” Terms describing permeability, measured in inches per 
hour, are as follows: 

Extremely slow.....................0.0–0.01 inch 
Very slow.............................0.01–0.06 inch 
Slow........................................0.06–0.2 inch 
Moderately slow.....................0.2–0.6 inch 
Moderate .....................0.6 inch–2.0 inches 
Moderately rapid ............... 2.0–6.0 inches 
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Rapid..................................... 6.0–20 inches 
Very rapid ................ more than 20 inches 

 
pH value. A numerical designation of acidity and alkalinity in soil. (See Reaction, soil.) 
 
Piping (in tables). Formation of subsurface tunnels or pipe-like cavities by water 
moving through the soil. 
 
Ponding. Standing water on soils in closed depressions. Unless the soils are artificially 
drained, the water can be removed only by percolation or evapotranspiration. 
 
Reaction, soil. A measure of acidity or alkalinity of a soil, expressed in pH values. A 
soil that tests to pH 7.0 is described as precisely neutral in reaction because it is neither 
acid nor alkaline. The degrees of acidity or alkalinity, expressed as pH values, are 

Ultra acidic ................................... less than 3.5 
Extremely acidic ....................................3.5–4.4 
Very strongly acidic..............................4.5–5.0 
Strongly acidic .......................................5.1–5.5 
Moderately acidic..................................5.6–6.0 
Slightly acidic.........................................6.1–6.5 
Neutral....................................................6.6–7.3 
Slightly alkaline ....................................7.4–7.8 
Moderately alkaline ..............................7.9–8.4 
Strongly alkaline ...................................8.5–9.0 
Very strongly alkaline ............ 9.1 and higher 

 
Residuum (residual soil material). Unconsolidated, weathered or partly weathered 
mineral material that accumulated as consolidated rock disintegrated in place. 
 
Root zone. The part of the soil that can be penetrated by plant roots. 
 
Runoff. The precipitation discharged into stream channels from an area. The water that 
flows off the surface of the land without sinking into the soil is called surface runoff. 
Water that enters the soil before reaching surface streams is called groundwater runoff 
or seepage flow from groundwater. 
 
Sand. As a soil separate, individual rock or mineral fragments from 0.05–2.0 millimeters 
in diameter. Most sand grains consist of quartz. As a soil textural class, a soil that is 85% 
or more sand and not more than 10% clay. 
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Saturation. Wetness characterized by zero or positive pressure of the soil water. Under 
conditions of saturation, the water will flow from the soil matrix into an unlined auger 
hole. 
 
Series, soil. A group of soils that have profiles that are almost alike, except for 
differences in texture of the surface layer. All the soils of a series have horizons that are 
similar in composition, thickness, and arrangement. 
 
Sheet erosion. The removal of a fairly uniform layer of soil material from the land 
surface by the action of rainfall and surface runoff. 
 
Silt. As a soil separate, individual mineral particles that range in diameter from the 
upper limit of clay (0.002 millimeter) to the lower limit of very fine sand (0.05 
millimeter). As a soil textural class, soil that is 80% or more silt and less than 12% clay. 
 
Slope. The inclination of the land surface from the horizontal. Percentage of slope is the 
vertical distance divided by horizontal distance, then multiplied by 100. Thus, a slope of 
20% is a drop of 20 feet in 100 feet of horizontal distance. In this survey, classes for 
simple slopes are as follows: 

Level.................................. 0–1% 
Nearly level...................... 1–3% 
Gently sloping ................. 3–8% 

 
Sodic (alkali) soil. A soil having so high a degree of alkalinity (pH 8.5 or higher) or so 
high a percentage of exchangeable sodium (15% or more of the total exchangeable 
bases), or both, that plant growth is restricted. 
 
Soil. A natural three-dimensional body at the earth’s surface. It is capable of supporting 
plants and has properties resulting from the integrated effect of climate and living 
matter acting on earthy parent material, as conditioned by relief over periods of time. 
 
Soil separates. Mineral particles less than 2 millimeters in equivalent diameter and 
ranging between specified size limits. The names and sizes, in millimeters, of separates 
recognized in the United States are as follows: 

Very coarse sand .................2.0–1.0 
Coarse sand..........................1.0–0.5 
Medium sand.....................0.5–0.25 
Fine sand ..........................0.25–0.10 
Very fine sand..................0.10–0.05 
Silt....................................0.05–0.002 
Clay ......................... less than 0.002 
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Solum. The upper part of a soil profile, above the C horizon, in which the processes of 
soil formation are active. The solum in soil consists of the A, E, and B horizons. 
Generally, the characteristics of the material in these horizons are unlike those of the 
material below the solum. The living roots and the plant and animal activities are 
largely confined to the solum. 
 
Stripcropping. Growing crops in a systematic arrangement of strips or bands that 
provide vegetative barriers to wind erosion and water erosion. 
 
Structure, soil. The arrangement of primary soil particles into compound particles or 
aggregates. 
 
Subsoil. Technically, the B horizon; roughly, the part of the solum below plow depth. 
 
Substratum. The part of the soil below the solum.  
 
Subsurface layer. Any surface soil horizon (A, E, AB, or EB) below the surface layer. 
 
Surface layer. The soil ordinarily moved in tillage, or its equivalent in uncultivated soil, 
ranging in depth from 4 to 10 inches (10 to 25 centimeters). Frequently designated as the 
“plow layer” or the “Ap horizon.” 
 
Terrace. An embankment, or ridge, constructed across sloping soils on the contour or at 
a slight angle to the contour. The terrace intercepts surface runoff so that water soaks 
into the soil or flows slowly to a prepared outlet. A terrace in a field generally is built so 
that the field can be farmed. A terrace intended mainly for drainage has a deep channel 
that is maintained in permanent sod. 
 
Terrace (geologic). An old alluvial plain, ordinarily flat or undulating, bordering a 
river, lake, or sea. 
 
Texture, soil. The relative proportions of sand, silt, and clay particles in a mass of soil. 
The basic textural classes, in order of increasing proportion of fine particles, are sand, 
loamy sand, sandy loam, loam, silt loam, silt, sandy clay loam, clay loam, silty clay 
loam, sandy clay, silty clay, and clay. The sand, loamy sand, and sandy loam classes 
may be further divided by specifying “coarse,” “fine,” or “very fine.” 
 
Tilth, soil. The physical condition of the soil as related to tillage, seedbed preparation, 
seedling emergence, and root penetration. 
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Topsoil. The upper part of the soil, which is the most favorable material for plant 
growth. It is ordinarily rich in organic matter and is used to topdress roadbanks, lawns, 
and land affected by mining. 
 
Weathering. All physical and chemical changes produced in rocks or other deposits at 
or near the earth’s surface by atmospheric agents. These changes result in disintegration 
and decomposition of the material. 
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ëï 0ï(ï &ROOLQVñ SURIHVVRUñ 6RLO DQG:DWHU 6FLHQFH 'HSDUWPHQWñ &RRSHUDWLYH ([WHQVLRQ 6HUYLFHñ ,QVWLWXWH RI )RRG DQG $JULFXOWXUDO 6FLHQFHVñ 8QLYHUVLW\ RI )ORULGDñ
*DLQHVYLOOHñ êëçììï

)LJXUH ìï 6RLO RUGHUV LQ )ORULGDï $OILVROVñ ,QFHSWLVROV DQG
0ROOLVROV DUH QRW VKRZQï

6/ðéê

.H\ WR 6RLO 2UGHUV LQ )ORULGDì

0ï(ï &ROOLQVë

7KLV IDFW VKHHW LV LQWHQGHG IRU DQ\RQH ZKR KDV VRPH
XQGHUVWDQGLQJ RI 6RLO 7D[RQRP\ EXW ZKR QHHGV D
VLPSOLILHG NH\ WR KHOS GLVWLQJXLVK RQH VRLO RUGHU IURP
DQRWKHUï 7KHUH DUH ìë VRLO RUGHUVã $QGLVROVñ *HORVROVñ
(QWLVROVñ ,QFHSWLVROVñ $OILVROVñ 8OWLVROVñ 6SRGRVROVñ
+LVWRVROVñ 0ROOLVROVñ $ULGLVROVñ 9HUWLVROVñ DQG 2[LVROVï
2QO\ VHYHQ RI WKHVH VRLO RUGHUV DUH SUHVHQW LQ )ORULGDï
7KH VRLO RUGHUV QRW UHFRJQL]HG LQ )ORULGD DUH WKH
$ULGLVROVñ 9HUWLVROVñ $QGLVROVñ *HORVROVñ DQG 2[LVROVï
7KH GLVWULEXWLRQ RI GRPLQDQW VRLO RUGHUV LQ )ORULGD LV
VKRZQ LQ )LJXUH ìï $OILVROVñ ,QFHSWLVROVñ DQG 0ROOLVROV
DUH QRW VKRZQ EHFDXVHã $OILVROV DUH ZLGHO\ LQWHUVSHUVHG
WKURXJKRXW WKH VWDWHâ DQG WKH DHULDO H[WHQW RI ,QFHSWLVROV
DQG 0ROOLVROV LV WRR VPDOO WR EH VKRZQ DW WKLV VFDOH RI
PDS õVRXUFHã &DUOLVOH DQG %URZQñ ìäåëôï

7R GHWHUPLQH WKH RUGHU WR ZKLFK D VRLO EHORQJVñ \RX
PXVW IROORZ WKH ¦.H\V WR 6RLO 7D[RQRP\§ õ6RLO 6XUYH\
6WDIIñ ìääçôï %XW EHIRUH \RX FDQ XVH WKH NH\ñ \RX PXVW õìô FOLPDWH DQG õëô OLYLQJ RUJDQLVPV DFWLQJ RQ õêô SDUHQW
NQRZ ZKLFK GLDJQRVWLF KRUL]RQõVô LV SUHVHQW LQ WKH VRLO PDWHULDOV RYHU õéô WLPH DV FRQGLWLRQHG E\ õèô UHOLHIï
WKDW \RX DUH FODVVLI\LQJï 7KHVH GLDJQRVWLF KRUL]RQV DUH
SDUWLFXODU NLQGV RI KRUL]RQV LQ WKH VRLO WKDW LQGLFDWH WKH
GHJUHH DQG NLQG RI GRPLQDQW VHWV RI VRLOðIRUPLQJ 7KH VHYHQ VRLO RUGHUV UHFRJQL]HG LQ )ORULGD DQG WKH
SURFHVVHV WKDW KDYH RFFXUUHGï 7KHUHIRUHñ \RX PXVW NQRZ PDMRU SURSHUWLHV WKDW GLIIHUHQWLDWH WKHP DUH GLVFXVVHG
WKH HSLSHGRQ õGLDJQRVWLF VXUIDFH KRUL]RQô DQG ZKDWñ LI QH[Wï &RPSOHWH GHILQLWLRQV IRU WKH VRLO RUGHUV DQG
DQ\ñ GLDJQRVWLF VXEVXUIDFH KRUL]RQV H[LVWï GLDJQRVWLF KRUL]RQV DUH DYDLODEOH LQ ¦.H\V WR 6RLO

7KH VRLO RUGHU LV WKH KLJKHVW FDWHJRU\ LQ 6RLO
7D[RQRP\ï $W WKLV KLHUDUFKLFDO OHYHOñ VRLOV DUH
GLVWLQJXLVKHG LQ UHODWLRQ WR WKH ILYH VRLOðIRUPLQJ IDFWRUVã

7D[RQRP\§ õ6RLO 6XUYH\ 6WDIIñ ìääçôï



.H\ WR 6RLO 2UGHUV LQ )ORULGD 3DJH ë
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EHHQ PDSSHG RQ DSSUR[LPDWHO\ éïí PLOOLRQ DFUHV LQ$/),62/6

6RLOV LQ WKH $OILVRO RUGHU DUH FKDUDFWHUL]HG E\ KDYLQJ
XQGHUJRQH SURFHVVHV WKDW WUDQVORFDWH VLOLFDWH FOD\V WR
IRUP DQ DUJLOOLF KRUL]RQï &OD\ WUDQVORFDWLRQ LQ $OILVROV
WDNHV SODFH ZLWKRXW WKH GHSOHWLRQ RI EDVHVï 7KH XQLTXH 6RLOV RI WKH ,QFHSWLVRO RUGHU KDYH D XQLTXH FRPELQDWLRQ
SURSHUWLHV RI $OILVROV LQ )ORULGD DUH D FRPELQDWLRQ RI DQ RI SURSHUWLHV WKDW LQFOXGH ZDWHU DYDLODEOH WR SODQWV
DUJLOOLF KRUL]RQñ D PHGLXP WR KLJK DPRXQW RI EDVHV LQ GXULQJ WKH JURZLQJ VHDVRQñ RQH RU PRUH SHGRJHQLF
WKH VRLOñ ZDWHU JHQHUDOO\ DYDLODEOH WR SODQWV GXULQJ WKH KRUL]RQV RI DOWHUDWLRQ RU FRQFHQWUDWLRQ ZLWK OLWWOH
JURZLQJ VHDVRQñ DQG DQ RFKULF HSLSHGRQï ,Q JHQHUDOñ DFFXPXODWLRQ RI WUDQVORFDWHG PDWHULDOVñ VRPH
WKHVH VRLOV DUH LQWHQVLYHO\ FURSSHGï $Q H[DPSOH RI D XQZHDWKHUHG PLQHUDOVñ D PRGHUDWH WR KLJK FDWLRQ
JHQHUDOL]HG SURILOH GHVFULSWLRQ RI DQ $OILVRO LV VKRZQ LQ H[FKDQJH FDSDFLW\ LQ WKH FOD\ IUDFWLRQñ DQG XVXDOO\
)LJXUH ëï 3UHVHQWO\ñ $OILVROV KDYH EHHQ PDSSHG RQ WH[WXUHV ILQHU WKDQ ORDP\ VDQGï (YHQ WKRXJK PRVW
DSSUR[LPDWHO\ éïç PLOOLRQ DFUHV LQ )ORULGDï ,QFHSWLVROV LQ )ORULGD KDYH ORDP\ VDQG RU FRDUVHU õPRUH

EHFDXVH RI D GDUNñ WKLFNñ DQG ORZ EDVH VDWXUDWLRQ õáêèøô(17,62/6

$ VRLO WKDW GRHV QRW UHIOHFW DQ\ PDMRU VHW RI VRLOð
IRUPLQJ SURFHVVHV EHORQJV WR WKH (QWLVRO RUGHUï (QWLVROV
DUH DEOH WR VXSSRUW DQ\ YHJHWDWLRQ DQG RFFXU LQ DQ\
FOLPDWHï &RPPRQO\ñ WKH\ IRUP LQ LQHUW SDUHQW PDWHULDOV
VXFK DV TXDUW] VDQG õ&HQWUDO 5LGJH RI )ORULGDô RU VORZO\
VROXEOH URFN VXFK DV OLPHVWRQH õ6RXWK )ORULGDôï 7KHUH
DOVR PD\ KDYH EHHQ LQVXIILFLHQW WLPHñ DV LQ UHFHQW
DOOXYLDO GHSRVLWVñ IRU GLDJQRVWLF KRUL]RQV WR KDYH IRUPHGï
(QWLVROV FRXOG RFFXU RQ VWHHS VORSHVñ ZKHUH WKH UDWH RI
HURVLRQ H[FHHGV WKH UDWH RI IRUPDWLRQ RI SHGRJHQLF 6RLOV WKDW EHORQJ WR WKH 0ROOLVRO RUGHU KDYH D YHU\
KRUL]RQVï 7KH SURSHUWLHV XQLTXH WR )ORULGD (QWLVROV DUH D GDUN EURZQ WR EODFN VXUIDFH KRUL]RQ õPROOLF HSLSHGRQôñ D
GRPLQDQFH RI PLQHUDO VRLO DQG DQ DEVHQFH RI GLVWLQFW KLJK DPRXQW RI FDOFLXP YHUVXV RWKHU H[WUDFWDEOH FDWLRQV
SHGRJHQLF KRUL]RQV H[FHSW IRU DQ RFKULF HSLSHGRQñ DQ SUHVHQW LQ WKH VRLOñ DQG FOD\ PLQHUDOV RI PRGHUDWH RU KLJK
DOELF KRUL]RQñ DQG D VSRGLF RU DUJLOOLF GLDJQRVWLF FDWLRQðH[FKDQJH FDSDFLW\ï 7KH PROOLF HSLSHGRQ IRUPV
VXEVXUIDFH KRUL]RQ WKDW LV EHORZ åí LQFKHVï PDLQO\ IURP WKH GHFRPSRVLWLRQ RI RUJDQLF PDWWHU LQ D

$Q H[DPSOH RI D JHQHUDOL]HG SURILOH GHVFULSWLRQ RI HVSHFLDOO\ FDOFLXPï 6RLO SURSHUWLHV DVVRFLDWHG ZLWK D
DQ (QWLVRO LV VKRZQ LQ )LJXUH ëï 3UHVHQWO\ñ (QWLVROV KDYH PROOLF HSLSHGRQ DUH D UHDVRQDEOH UHVHUYH RI SODQW
EHHQ PDSSHG RQ DSSUR[LPDWHO\ æïè PLOOLRQ DFUHV LQ QXWULHQWV õ&Dñ 0Jñ .ñ DQG VRPHWLPHV 1ôñ VRLO VWUXFWXUH
)ORULGDï WKDW DOORZV PRYHPHQW RI DLU DQG ZDWHU ZKHQ WKH VRLO LV

RI 0ROOLVROV SUHVHQWO\ UHFRJQL]HG LQ )ORULGD DUH SRRUO\+,67262/6

6RLOV WKDW EHORQJ WR WKH +LVWRVRO RUGHU KDYH D YHU\
KLJK FRQWHQW RI RUJDQLF FDUERQ õPRUH WKDQ KDOI RI WKH
VRLOöV WKLFNQHVV LV RUJDQLFô LQ WKH XSSHU êë LQFKHV RI WKH
VRLOï 7KHVH VRLOV DUH FRQVLGHUHG WR EH RUJDQLF UDWKHU WKDQ
PLQHUDO VRLOVï 7KH DPRXQW RI RUJDQLF FDUERQ UHTXLUHG
IRU +LVWRVROV GHSHQGV RQ WKH DPRXQW RI FOD\ï 0RVW
)ORULGD +LVWRVROV IRUPHG IURP SDUWLDOO\ GHFRPSRVHG
SODQW UHPDLQV WKDW DFFXPXODWHG LQ ZDWHUï 0RUH FRPPRQ
QDPHV IRU +LVWRVROV DUH SHDWV RU PXFNVï

$Q H[DPSOH RI D JHQHUDOL]HG SURILOH GHVFULSWLRQ RI D
+LVWRVRO LV VKRZQ LQ )LJXUH ëï 3UHVHQWO\ñ +LVWRVROV KDYH

)ORULGDï

,1&(37,62/6

VDQG\ô WH[WXUHVñ WKHVH VRLOV DUH FODVVLILHG DV ,QFHSWLVROV

VXUIDFH KRUL]RQ õXPEULF HSLSHGRQôï ,QFHSWLVROV LQ )ORULGD
DUH RI PLQRU H[WHQWï

$Q H[DPSOH RI D JHQHUDOL]HG SURILOH GHVFULSWLRQ RI
DQ ,QFHSWLVRO LV VKRZQ LQ )LJXUH ëï 3UHVHQWO\ñ ,QFHSWLVROV
KDYH EHHQ PDSSHG RQ DSSUR[LPDWHO\ ìïí PLOOLRQ DFUHV LQ
)ORULGDï

02//,62/6

VRLO WKDW KDV D FRQVLGHUDEOH DPRXQW RI GLYDOHQW FDWLRQVñ

QRW VDWXUDWHGñ DQG JRRG SHUPHDELOLW\ï 7KH YDVW PDMRULW\

WR YHU\ SRRUO\ GUDLQHGï

$Q H[DPSOH RI D JHQHUDOL]HG SURILOH GHVFULSWLRQ RI D
0ROOLVRO LV VKRZQ LQ )LJXUH ëï 3UHVHQWO\ñ 0ROOLVROV KDYH
EHHQ PDSSHG RQ DSSUR[LPDWHO\ ìïí PLOOLRQ DFUHV LQ
)ORULGDï
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&ï 2WKHU PLQHUDO VRLOV ZLWK DQ LOOXYLDO KRUL]RQ RI FOD\632'262/6

6SRGRVROV DUH FKDUDFWHUL]HG E\ KDYLQJ XQGHUJRQH
VRLO SURFHVVHV WKDW WUDQVORFDWH RUJDQLF PDWWHU DQG
DOXPLQXPñ RU RUJDQLF PDWWHUñ DOXPLQXPñ DQG LURQñ DV
DPRUSKRXV PDWHULDOVï 7KH PRVW VWULNLQJ SURSHUW\
6SRGRVROV KDYH LV D KRUL]RQ WKDW KDV UHVXOWHG IURP
DFFXPXODWLRQ RI EODFN RU UHGGLVK DPRUSKRXV PDWHULDOV
KDYLQJ D KLJK FDWLRQðH[FKDQJH FDSDFLW\ï 7KLV KRUL]RQ LV
FDOOHG D VSRGLF KRUL]RQï ,Q VRPH 6SRGRVROV D OHDFKHG
KRUL]RQñ ZKLFK FDQ UDQJH IURP ZKLWH WR JUD\ñ RYHUOLHV
WKH VSRGLF KRUL]RQï 0DQ\ 6SRGRVROV LQ )ORULGD DUH
SRRUO\ WR YHU\ SRRUO\ GUDLQHGñ DQG DOO 6SRGRVROV LQ
)ORULGD KDYH GHYHORSHG LQ VDQG\ñ DFLG SDUHQW PDWHULDOVï

$Q H[DPSOH RI D JHQHUDOL]HG SURILOH GHVFULSWLRQ RI D
6SRGRVRO LV VKRZQ LQ )LJXUH ëï $SSUR[LPDWHO\ åïé
PLOOLRQ DFUHV LQ )ORULGD KDYH EHHQ PDSSHG DV 6SRGRVROVï

8/7,62/6

8OWLVROV DUH OLNH $OILVROV LQ WKDW WKH\ KDYH D
KRUL]RQ LQ ZKLFK FOD\ KDV DFFXPXODWHG WR D
VLJQLILFDQW H[WHQW õDUJLOOLF KRUL]RQôï 8OWLVROVñ KRZHYHUñ
DUH PRUH GHYHORSHG DQG PRUH OHDFKHG WKDQ $OILVROVï
7KH VRLO SURSHUWLHV DVVRFLDWHG ZLWK 8OWLVROV DUH DQ
DUJLOOLF KRUL]RQñ HQRXJK PRLVWXUH IRU FURSV LQ PRVW
\HDUVñ DQG D ORZ VXSSO\ RI EDVHVï 7KH\ H[LVW LQ UHODWLYHO\
ZDUP DQG PRLVW FOLPDWHVñ OLNH QRUWKZHVW )ORULGDñ DQG
WKHUHIRUH FDQ EH KLJKO\ SURGXFWLYH LI PDQDJHG SURSHUO\ï

$Q H[DPSOH RI D JHQH SURILOH GHVFULSWLRQ RI DQ
8OWLVRO LV VKRZQ LQ )LJXUH ëï 7KHUH DUH DSSUR[LPDWHO\
çïä PLOOLRQ NQRZQ DFUHV RI 8OWLVROV LQ )ORULGDï

.(< 72 62,/ 25'(56 ,1 )/25,'$

,Q WKLV JHQH NH\ WKH VRLO RUGHUV DUH OLVWHG LQ WKH VDPH
VHTXHQFH DV LQ 6RLO 7D[RQRP\ï 7KLV NH\ LV DQ
DEEUHYLDWHG JXLGHï

$ï 6RLOV WKDW DUH RUJDQLF LQ PRUH WKDQ KDOI WKH WKLFNQHVV
RI WKH XSSHU êë LQFKHVï
+LVWRVROV

%ï 2WKHU VRLOV WKDW DUH PLQHUDO ZLWK DQ LOOXYLDO KRUL]RQ
RI DPRUSKRXV DOXPLQXP DQG RUJDQLF PDWWHU ZLWK RU
ZLWKRXW LURQ õD VSRGLF KRUL]RQô ZLWKLQ åí LQFKHV RI WKH
VXUIDFHï
6SRGRVROV

õDQ DUJLOOLF KRUL]RQôñ UHODWLYHO\ ORZ EDVH VDWXUDWLRQ õá êè
øôñ DQG HQRXJK PRLVWXUH IRU FURSV LQ PRVW \HDUVï
8OWLVROV

'ï 2WKHU PLQHUDO VRLOV WKDW KDYH D WKLFNñ GDUN VXUIDFH
KRUL]RQ ZKLFK LV UHODWLYHO\ ULFK LQ RUJDQLF PDWWHU õD
PROOLF HSLSHGRQôñ KDYH D KLJK EDVH VDWXUDWLRQ õ! èí
øô WKURXJKRXW WKH VRLOñ DQG GR QRW KDYH GHHSñ ZLGH
FUDFNVï
0ROOLVROV

(ï 2WKHU PLQHUDO VRLOV ZLWK DQ LOOXYLDO KRUL]RQ RI FOD\
õDQ DUJLOOLF KRUL]RQôñ UHODWLYHO\ KLJK EDVH VDWXUDWLRQ õ!
êè øôñ DQG HQRXJK PRLVWXUH IRU FURSV LQ PRVW \HDUVï
$OILVROV

)ï 2WKHU PLQHUDO VRLOV WKDW KDYH QR KRUL]RQ RI LOOXYLDO
FOD\Vñ UHODWLYHO\ OLWWOH RUJDQLF PDWWHU RU EDVH VDWXUDWLRQ RU
ERWKñ VRPH GLDJQRVWLF KRUL]RQV DQG ZHDWKHUDEOH
PLQHUDOVñ DQG HQRXJK PRLVWXUH IRU D FURS LQ PRVW \HDUVï
,QFHSWLVROV

*ï 0LQHUDO VRLOV ZLWK ZHDN RU QR GLDJQRVWLF KRUL]RQVï
(QWLVROV

/,7(5$785( &,7('

&DUOLVOHñ 9ï :ï DQG %URZQñ 5ï %ï õHGVïôï ìäåëï )ORULGD
6RLO ,GHQWLILFDWLRQ +DQGERRNï ,)$6 3XEOLFDWLRQï

6RLO 6XUYH\ 6WDIIï ìääçï .H\V WR 6RLO 7D[RQRP\ï 8ï6ï
*RYHUQPHQW 3ULQWLQJ 2IILFHñ :DVKLQJWRQñ 'ï&ï
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)LJXUH ëï *HQHUDOL]HG SURILOH GHVFULSWLRQ RI WKH VRLO RUGHUV LQ )ORULGDï



�� 7KLV�GRFXPHQW�LV�)DFW�6KHHW�6/�����RQH�RI�D�VHULHV�RI�IDFW�VKHHWV�RI�WKH�6RLO�DQG�:DWHU�6FLHQFH�'HSDUWPHQW��)ORULGD�&RRSHUDWLYH�([WHQVLRQ�6HUYLFH��,QVWLWXWH

RI� )RRG� DQG� $JULFXOWXUDO� 6FLHQFHV�� 8QLYHUVLW\� RI� )ORULGD�� 'DWH� ILUVW� SULQWHG�� $SULO� ������ 5HYLHZHG�� $SULO� ������ 3OHDVH� YLVLW� WKH� )$,56�:HE� VLWH� DW

KWWS���KDPPRFN�LIDV�XIO�HGX�

7KH�,QVWLWXWH�RI�)RRG�DQG�$JULFXOWXUDO�6FLHQFHV�LV�DQ�HTXDO�RSSRUWXQLW\�DIILUPDWLYH�DFWLRQ�HPSOR\HU�DXWKRUL]HG�WR�SURYLGH�UHVHDUFK��HGXFDWLRQDO

LQIRUPDWLRQ�DQG�RWKHU�VHUYLFHV�RQO\�WR�LQGLYLGXDOV�DQG�LQVWLWXWLRQV�WKDW�IXQFWLRQ�ZLWKRXW�UHJDUG�WR�UDFH��FRORU��VH[��DJH��KDQGLFDS��RU�QDWLRQDO�RULJLQ�

)RU� LQIRUPDWLRQ�RQ�REWDLQLQJ�RWKHU�H[WHQVLRQ�SXEOLFDWLRQV��FRQWDFW�\RXU�FRXQW\�&RRSHUDWLYH�([WHQVLRQ�6HUYLFH�RIILFH��)ORULGD�&RRSHUDWLYH

([WHQVLRQ� 6HUYLFH� �� ,QVWLWXWH� RI� )RRG� DQG� $JULFXOWXUDO� 6FLHQFHV� �� 8QLYHUVLW\� RI� )ORULGD� �� &KULVWLQH� 7D\ORU� :DGGLOO�� 'HDQ

�� 5�%��%URZQ��SURIHVVRU�DQG�FKDLU��6RLO�DQG�:DWHU�6FLHQFH�'HSDUWPHQW��&RRSHUDWLYH�([WHQVLRQ�6HUYLFH��,QVWLWXWH�RI�)RRG�DQG�$JULFXOWXUDO�6FLHQFHV��8QLYHUVLW\

RI�)ORULGD��*DLQHVYLOOH�������������

6/���

6RLO�7H[WXUH�

5�%��%URZQ
�

6RLO�WH[WXUH�LV�D�WHUP�FRPPRQO\�XVHG�WR�GHVLJQDWH�WKH

SURSRUWLRQDWH�GLVWULEXWLRQ�RI�WKH�GLIIHUHQW�VL]HV�RI�PLQHUDO

SDUWLFOHV�LQ�D�VRLO��,W�GRHV�QRW�LQFOXGH�DQ\�RUJDQLF�PDWWHU�

7KHVH�PLQHUDO�SDUWLFOHV�YDU\�LQ�VL]H�IURP�WKRVH�HDVLO\�VHHQ

ZLWK� WKH� XQDLGHG�H\H� WR� WKRVH�EHORZ� WKH� UDQJH�RI�D�KLJK�

SRZHUHG�PLFURVFRSH��$FFRUGLQJ�WR�WKHLU�VL]H��WKHVH�PLQHUDO

SDUWLFOHV�DUH�JURXSHG�LQWR�¦VHSDUDWHV��

$�VRLO�VHSDUDWH�LV�D�JURXS�RI�PLQHUDO�SDUWLFOHV�WKDW�ILW

ZLWKLQ� GHILQLWH� VL]H� OLPLWV� H[SUHVVHG� DV� GLDPHWHU� LQ

PLOOLPHWHUV��6L]HV�RI�WKH�VHSDUDWHV�XVHG�LQ�WKH�86'$�V\VWHP

RI�QRPHQFODWXUH�IRU�VRLO�WH[WXUH�DUH�VKRZQ�LQ�7DEOH���

6LQFH� YDULRXV� VL]HV� RI� SDUWLFOH� KDYH� TXLWH� GLIIHUHQW

SK\VLFDO� FKDUDFWHULVWLFV�� WKH� QDWXUH� RI� PLQHUDO� VRLOV� LV

GHWHUPLQHG�WR�D�UHPDUNDEOH�GHJUHH�E\�WKH�SDUWLFXODU�VHSDUDWH

WKDW�LV�SUHVHQW�LQ�ODUJHU�DPRXQWV��7KXV��D�VRLO�SRVVHVVLQJ�D

ODUJH�DPRXQW�RI�FOD\�KDV�TXLWH�GLIIHUHQW�SK\VLFDO��SURSHUWLHV

IURP�RQH�PDGH�XS�PRVWO\�RI�VDQG�DQG�RU�VLOW��7KH�DQDO\WLFDO

SURFHGXUH� E\� ZKLFK� WKH� SHUFHQWDJHV� RI� WKH� YDULRXV� VRLO

VHSDUDWHV�DUH�REWDLQHG�LV�FDOOHG�D�PHFKDQLFDO�DQDO\VLV�

0LQHUDO�VRLOV��WKDW�LV��WKRVH�VRLOV�FRQVLVWLQJ�PDLQO\�RI

URFN�DQG�PLQHUDO�IUDJPHQWV��UDWKHU�WKDQ�SODQW�UHPDLQV�DQG

RWKHU�DFFXPXODWHG�RUJDQLF�PDWHULDOV��DUH�D�PL[WXUH�RI�VRLO

VHSDUDWHV��DQG�LW�LV�RQ�WKH�EDVLV�RI�WKH�SURSRUWLRQ�RI�WKHVH

YDULRXV�VHSDUDWHV�WKDW�WKH�WH[WXUDO�FODVV�QDPHV�RI�VRLOV�DUH

GHWHUPLQHG�

7KHUH� DUH� WZHOYH� PDMRU� WH[WXUDO� FODVVHV�� 7KHLU

FRPSRVLWLRQV� DUH� GHILQHG� E\� WKH� 86'$� WH[WXUDO� WULDQJOH

�)LJXUH����

+RZ�WR�8VH�WKH�86'$�7H[WXUDO

7ULDQJOH

$IWHU�D�PHFKDQLFDO�DQDO\VLV�KDV�EHHQ�FRPSOHWHG�LQ�WKH

ODERUDWRU\� DQG� D� SHUFHQWDJH�REWDLQHG� IRU� HDFK�RI� WKH� VRLO

VHSDUDWHV��DV�LQ�WKH�H[DPSOHV�RI�VRLO�VDPSOHV�IURP�YDULRXV

VRLO�KRUL]RQV�VKRZQ�LQ�7DEOH�����DGG�XS�WKH�DPRXQWV�RI�VDQG

IURP� WKH� YHU\� FRDUVH� VDQG� WKURXJK� WKH� YHU\� ILQH� VDQG�� WR

GHWHUPLQH�WKH�WRWDO�VDQG�FRQWHQW��7RWDO�VDQG�LV�XVHG��DORQJ

ZLWK� VLOW� DQG� FOD\� FRQWHQWV�� WR� GHWHUPLQH� WKH� VRLO� WH[WXUDO

QDPH�IURP�WKH�86'$�WH[WXUDO�WULDQJOH�

)RU�H[DPSOH��6DPSOH�1R�����WKH�%W��VXEVRLO��KRUL]RQ�RI

VRLO�6���7DEOH�����KDV�DQ�DQDO\VLV�RI�����VDQG�����VLOW��DQG

����FOD\���/RRN�DW�WKH�86'$�WH[WXUDO�WULDQJOH��)LJXUH���

DQG�QRWLFH�WKH�SHUFHQW�VDQG��DUURZ�SRLQWLQJ�IURP�ULJKW�WR�OHIW

RQ�WKH�ERWWRP�RI�WKH�WULDQJOH��)LQG�WKH�����VDQG�SRLQW�DQG

PHQWDOO\�VNHWFK�D� OLQH� IURP�WKDW�SRLQW�SDUDOOHO� WR� WKH�VLGH

RSSRVLWH�WKH������VDQG�FRUQHU�RI�WKH�WULDQJOH��6XFK�D�OLQH

ZLOO�SDVV�WKURXJK�DOO�SRLQWV�RQ�WKH�WULDQJOH�WKDW�FRUUHVSRQG

WR�D�VRLO�KDYLQJ�����VDQG��1RZ�ORFDWH�WKH����VLOW�SRLQW�RQ

WKH�XSSHU�ULJKW�VLGH�RI�WKH�WULDQJOH��DQG�YLVXDOL]H�D�OLQH�IURP

WKLV�SRLQW�SDUDOOHO�WR�WKH�VLGH�RSSRVLWH�WKH������VLOW�FRUQHU

RI�WKH�WULDQJOH��7KLV�OLQH�LQWHUVHFWV�WKH�VDQG�OLQH�DW�D�VLQJOH

SRLQW�LQVLGH�WKH�DUHD�ODEHOHG�DV�VDQG\�FOD\�ORDP�

7ZR�SURSHUO\�VNHWFKHG� OLQHV� �VDQG�DQG�VLOW�� VDQG�DQG

FOD\��RU�VLOW�DQG�FOD\��ZLOO�FRUUHFWO\�LQGLFDWH�WKH�WH[WXUDO�FODVV

QDPH�RI�D�PLQHUDO�VRLO��1RWLFH�WKDW��LQ�WKH�FDVH�RI�6DPSOH

1R����WKH�����FOD\�OLQH�VNHWFKHG�E\�GUDZLQJ�D�OLQH�WKURXJK

WKDW�SRLQW�DQG�SDUDOOHO�WR�WKH�EDVH�RI�WKH�WULDQJOH��ZKLFK�LV

WKH�VLGH�RSSRVLWH�WKH������FOD\�FRUQHU��LQWHUVHFWV�WKH����

VDQG�DQG����VLOW�OLQHV�DW�H[DFWO\�WKH�VDPH�SRLQW��VKRZQ�ZLWK
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D�GRW�RQ�)LJXUH����ZKHUH�WKH�VDQG�DQG�VLOW�OLQHV�LQWHUVHFW�HDFK E\�WKH�ERXQGDULHV�RI�WKH�VDQG�SRUWLRQ�RI�WKH�86'$�WH[WXUDO

RWKHU��$Q\�WKUHH�SHUFHQWDJHV�RI�VDQG��VLOW��DQG�FOD\�WKDW�DGG WULDQJOH��)LJXUH����

XS�WR�����ZLOO�DOZD\V�GHILQH�D�VLQJOH�SRLQW�RQ�WKH�WULDQJOH�

,Q�WKH�FDVHV�RI�VDQGV��ORDP\�VDQGV��DQG�VDQG\�ORDPV��WKH WKHUH�DUH�VHYHUDO�86'$�WH[WXUHV�ZLWKLQ�WKLV�JURXS��$OO�RI

SURSRUWLRQ�RI�LQGLYLGXDO�VDQG�VHSDUDWHV��YHU\�FRDUVH�VDQG� WKHVH�WH[WXUHV�ILW�WKH�¦VDQG§�SRUWLRQ�RI�WKH�WH[WXUDO�WULDQJOH�

FRDUVH�VDQG��HWF���PXVW�EH�FRQVLGHUHG�LQ�DVVLJQLQJ�D�WH[WXUDO EXW�WKH\�GLIIHU�IURP�HDFK�RWKHU�LQ�WKHLU�UHODWLYH�SURSRUWLRQV

QDPH�WR�D�VDPSOH��7KH�WRWDO�VDQG�IUDFWLRQ�RI�6DPSOH�1R�� RI�WKH�YDULRXV�VL]HV�RI�VDQG�JUDLQV�

�7DEOH�����IRU�H[DPSOH��LV�QRW�GRPLQDWHG�E\�DQ\�RQH�VDQG

VHSDUDWH��VR�LW�LV�FDOOHG��VLPSO\��VDQG��,Q�FRQWUDVW��6DPSOH &RDUVH�6DQG��7KLV� LV� WKH�VDQG� WKDW� ORRNV�DQG� IHHOV

1R��� �7DEOH� ���� WKH� $� KRUL]RQ� �WRSVRLO�� RI� 6RLO� 6��� LV PRVW�FRDUVH�DQG�JULWW\��,W�PXVW�FRQWDLQ�����RU�PRUH�YHU\

GRPLQDWHG�E\�VDQG�SDUWLFOHV�WKDW�DUH�LQ�WKH�����������PP FRDUVH�VDQG�DQG�FRDUVH�VDQG��DQG�OHVV�WKDQ�����DQ\�RWKHU

�ILQH�VDQG��VL]H�UDQJH��7KLV�VRLO�LV�GHVLJQDWHG�ILQH�VDQG�WR VLQJOH�JUDGH�RI�VDQG�

UHIOHFW�WKDW�GRPLQDQFH�

7KH�SDUDJUDSKV�WKDW�IROORZ�FRQWDLQ�PRUH�LQIRUPDWLRQ�RQ PRUH�RU�OHVV�HYHQ�GLVWULEXWLRQ�RI�WKH�GLIIHUHQW�VL]HV�RI�VDQG

WKH� FKDUDFWHULVWLFV�RI� WKH�YDULRXV�VDQGV�� ORDP\�VDQGV��DQG JUDLQ�� ,W� LV� QRW� GRPLQDWHG� E\� D� SDUWLFXODU� VL]H� RI� VDQG

VDQG\�ORDPV� SDUWLFOH��,W�FRQWDLQV�����RU�PRUH�YHU\�FRDUVH��FRDUVH��DQG

VDQG���DQG�OHVV�WKDQ�����HLWKHU�ILQH�VDQG�RU�YHU\�ILQH�VDQG�'HWHUPLQDWLRQ�RI�6RLO�7H[WXUH�LQ�WKH

)LHOG

,Q� WKH� ILHOG�� WKH� SHUFHQWDJHV� RI� VDQG�� VLOW�� DQG� FOD\

SDUWLFOHV�LQ�D�VRLO�DUH�HVWLPDWHG�E\�IHHO��7KH�VRLO�LV�UXEEHG

EHWZHHQ�WKH�ILQJHUV�DQG�WKH�WKXPE�DQG�DQ�HVWLPDWH�RI�WKH

DPRXQW�RI�WKH�YDULRXV�VHSDUDWHV�SUHVHQW�LV�PDGH�EDVHG�RQ�WKH

GHJUHH� WR� ZKLFK� WKH� FKDUDFWHULVWLF� SURSHUWLHV� RI� HDFK� DUH

H[SUHVVHG�� 7KLV� SURFHVV� RI� HVWLPDWLRQ� UHTXLUHV� VNLOO� DQG

H[SHULHQFH��EXW�DFFXUDF\�FDQ�EH�LPSURYHG�E\�IUHTXHQW�FKHFNV

RI�VXFK�HVWLPDWHV�DJDLQVW�WKH�ILQGLQJV�RI�H[SHULHQFHG�ILHOG

VRLO� VFLHQWLVWV� LQ� WKH� UHJLRQ�� DQG� DJDLQVW� GHWHUPLQDWLRQV

REWDLQHG�E\�ODERUDWRU\�DQDO\VLV�RI�WKH�VDPSOHV�

'U\�VRLO�IHHOV�GLIIHUHQW�IURP�PRLVW�VRLO��GXH�LQ�SDUW�WR�WKH

IDFW� WKDW� VRLO� SDUWLFOHV� WHQG� WR� DJJUHJDWH� WRJHWKHU� XSRQ

GU\LQJ�� ,W� LV� EHVW� WR� PRLVWHQ� GU\� VRLO� ZKHQ� PDNLQJ� ILHOG

HVWLPDWHV�RI�VRLO�WH[WXUH��7KH�PRUH�LPSRUWDQW�FKDUDFWHULVWLFV

RI�WKH�YDULRXV�WH[WXUDO�FODVVHV�RI�VRLOV�ZKLFK�DUH�RI�YDOXH�DQG

ZKLFK� FDQ� EH� UHFRJQL]HG� E\� IHHO� DQG�RU� GHWHUPLQHG� E\

ODERUDWRU\�DQDO\VLV�DUH�DV�IROORZV�

6DQGV

6DQGV� DUH� ORRVH� DQG� VLQJOH�JUDLQHG� �WKDW� LV�� QRW

DJJUHJDWHG�WRJHWKHU���7KH\�IHHO�JULWW\�WR�WKH�WRXFK�DQG�DUH�QRW

VWLFN\��(DFK�LQGLYLGXDO�VDQG�JUDLQ�LV�RI�VXIILFLHQW�VL]H�WKDW�LW

FDQ�HDVLO\�EH�VHHQ�DQG�IHOW��6DQGV�FDQQRW�EH�IRUPHG�LQWR�D

FDVW�E\�VTXHH]LQJ�ZKHQ�GU\��:KHQ�PRLVW��VDQGV�ZLOO�IRUP�D

YHU\�ZHDN�FDVW��DV�LI�PROGHG�E\�WKH�KDQG��WKDW�FUXPEOHV�ZKHQ

WRXFKHG�� 6RLO� PDWHULDOV� FODVVLILHG� DV� VDQGV� PXVW� FRQWDLQ

�������� VDQG�VL]HG�SDUWLFOHV�� ������ VLOW�VL]HG� SDUWLFOHV�

DQG�������FOD\�VL]HG�SDUWLFOHV��7KHVH�SHUFHQWDJHV�DUH�JLYHQ

7KH�UHDVRQ�WKDW�VDQGV�DUH�UHIHUUHG�WR�LQ�WKH�SOXUDO�LV�WKDW

6DQG��7KLV�LV�WKH�QRUPDO�VRUW�RI�VDQG�WKDW�FRQWDLQV�D

PHGLXP�VDQG��EXW� OHVV� WKDQ�����YHU\�FRDUVH�SOXV�FRDUVH

)LQH�6DQG��7KLV�FODVV�RI�VDQG�LV�GRPLQDWHG�E\�WKH�ILQHU

VL]HV�RI�VDQG�SDUWLFOH��DQG�DV�VXFK�IHHOV�UDWKHU�XQLIRUP�LQ

WH[WXUH�DQG�VRPHZKDW�OHVV�FRDUVH�WKDQ�HLWKHU�VDQG�RU�FRDUVH

VDQG��,W�PXVW�FRQWDLQ�����RU�PRUH�ILQH�VDQG��RU�OHVV�WKDQ

����YHU\�FRDUVH��FRDUVH��DQG�PHGLXP�VDQG��DQG�OHVV�WKDQ

����YHU\�ILQH�VDQG�

9HU\�)LQH�6DQG��7KLV�VRLO�LV�GRPLQDWHG�E\�WKH�YHU\

ILQHVW�RI�VDQG�JUDLQV��,WV�JULWWLQHVV�VHHPV�DOPRVW�WR�JUDGH�LQWR

WKH�VPRRWKQHVV�WKDW�RQH�ZRXOG�H[SHFW�LQ�D�VLOW\�VRLO��,W�LV

����RU�PRUH�YHU\�ILQH�VDQG�

5HPHPEHU��WKH�WHUP��VDQG��KDV�PRUH�WKDQ�RQH�PHDQLQJ

LQ� WKH� 86'$� V\VWHP�� 6DQG� FDQ� PHDQ� D� JURXS� RI� VRLO

VHSDUDWHV��YHU\�FRDUVH�VDQG��FRDUVH�VDQG��PHGLXP�VDQG��ILQH

VDQG��DQG�YHU\�ILQH�VDQG��WKDW�FROOHFWLYHO\�UDQJH�LQ�GLDPHWHU

IURP��� WR������PP��7DEOH�����6DQGV�� LQ� WKH�SOXUDO��DUH�D

PDMRU� WH[WXUDO� JURXSLQJ� RQ� WKH� 86'$� WH[WXUDO� WULDQJOH

�)LJXUH����7DEOH�����7KLV�PDMRU�JURXSLQJ��VDQGV��LQFOXGHV

IRXU�LQGLYLGXDO�86'$�WH[WXUHV��FRDUVH�VDQG��VDQG��ILQH�VDQG�

DQG� YHU\� ILQH� VDQG��� GHSHQGLQJ�RQ� WKH� SURSRUWLRQV� RI� WKH

LQGLYLGXDO�VHSDUDWHV�LQ�D�SDUWLFXODU�VRLO�

/RDP\�6DQGV

/RDP\� VDQGV� FRQVLVW� RI� VRLO� PDWHULDOV� FRQWDLQLQJ

�������VDQG��������VLOW��DQG�������FOD\��$V�VXFK��WKH\

UHVHPEOH�VDQGV�LQ�WKDW�WKH\�DUH�ORRVH�DQG�VLQJOH�JUDLQHG��DQG

PRVW�LQGLYLGXDO�JUDLQV�FDQ�EH�VHHQ�DQG�IHOW��%HFDXVH�WKH\�GR

FRQWDLQ�VOLJKWO\�KLJKHU�SHUFHQWDJHV�RI�VLOW�DQG�FOD\�WKDQ�GR

WKH�VDQGV��KRZHYHU��WKH�ORDP\�VDQGV�DUH�VOLJKWO\�FRKHVLYH
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ZKHQ�PRLVW��DQG�IUDJLOH�FDVWV�FDQ�PRUH�UHDGLO\�EH�IRUPHG FRDUVH��FRDUVH��DQG�PHGLXP�VDQG��EXW�OHVV�WKDQ�����YHU\

ZLWK�WKHP�WKDQ�ZLWK�VDQGV� FRDUVH�DQG�FRDUVH�VDQG���DQG�OHVV�WKDQ�����HLWKHU�ILQH�VDQG

$V�ZLWK�VDQGV�� WKH� ORDP\�VDQGV�DUH�GHDOW�ZLWK� LQ� WKH

SOXUDO�EHFDXVH�WKHUH�DUH�VHYHUDO�86'$�WH[WXUHV�ZLWKLQ�WKLV )LQH�6DQG\�/RDP��7KH�JUDLQV�LQ�ILQH�VDQG\�ORDP�DUH

JURXS��7KH�QDPH�DVVLJQHG�WR�D�VRLO�PDWHULDO�LQ�WKH�ORDP\ GRPLQDQWO\�LQ�WKH�ILQHU�VL]H�UDQJH��,W�PXVW�FRQWDLQ�����RU

VDQGV� GHSHQGV� RQ� WKH� SURSRUWLRQV� RI� WKH� GLIIHUHQW� VDQG PRUH�ILQH��DQG�OHVV�WKDQ�����YHU\�ILQH�VDQG��RU�EHWZHHQ���

VHSDUDWHV� DQG�����YHU\�FRDUVH��FRDUVH��DQG�PHGLXP�VDQG��RU�PRUH

� /RDP\� &RDUVH� 6DQG�� 7KLV� LV� WKH� FRDUVHVW� DQG ILQH�� DQG� OHVV� WKDQ� ��� SHUFHQW� YHU\� FRDUVH�� FRDUVH�� DQG

JULWWLHVW�VRUW�RI�ORDP\�VDQG��,W�PXVW�FRQWDLQ�����RU�PRUH PHGLXP�VDQG�

YHU\�FRDUVH�DQG�FRDUVH�VDQG��DQG�OHVV�WKDQ�����DQ\�RWKHU

VLQJOH�JUDGH�RI�VDQG� 9HU\�)LQH�6DQG\�/RDP��7KLV�VRLO�PDWHULDO�LV�VDQG\

/RDP\� 6DQG�� 7KLV� FODVV� LQFOXGHV� DQ\� ORDP\� VDQG DPRXQWV� RI� YHU\� ILQH� VDQG�� JLYLQJ� LW� D� UHODWLYHO\� VPRRWK

ZKRVH�VDQG�IUDFWLRQ�LV�QRW�GRPLQDWHG�E\�D�SDUWLFXODU�VL]H�RI TXDOLW\� LQ� FRPSDULVRQ� ZLWK� WKH� RWKHU� VDQG\� ORDPV�

VDQG�SDUWLFOH��,W�FRQVLVWV�RI�����RU�PRUH�YHU\�FRDUVH��FRDUVH� 6SHFLILFDOO\��LW�KDV�����RU�PRUH�YHU\�ILQH�VDQG��RU�PRUH�WKDQ

DQG�PHGLXP�VDQG��EXW�OHVV�WKDQ�����YHU\�FRDUVH�SOXV�FRDUVH ����ILQH�DQG�YHU\�ILQH�VDQG��DW�OHDVW�KDOI�RI�ZKLFK�LV�YHU\

VDQG���DQG�OHVV�WKDQ�����HLWKHU�ILQH�VDQG�RU�YHU\�ILQH�VDQG� ILQH� VDQG�� DQG� OHVV� WKDQ� ���� YHU\� FRDUVH�� FRDUVH�� DQG

�/RDP\�)LQH�6DQG��7KH�VDQG�JUDLQV�LQ�WKLV�FODVV�RI

ORDP\�VDQG�DUH�GRPLQDQWO\�LQ�WKH�ILQHU�VL]H�UDQJH��/RDP\

ILQH�VDQG�FRQWDLQV�����RU�PRUH�ILQH�VDQG��RU�OHVV�WKDQ����

YHU\�ILQH�VDQG�DQG�OHVV�WKDQ�����YHU\�FRDUVH��FRDUVH��DQG

PHGLXP�VDQG�

/RDP\� 9HU\� )LQH� 6DQG�� 7KLV� VRLO� PDWHULDO� LV� VR

GRPLQDWHG�E\�YHU\�ILQH�VDQG�WKDW�LW�DOPRVW�WDNHV�RQ�D�VPRRWK�

VLOW\�TXDOLW\��,W�FRQVLVWV�RI�����RU�PRUH�YHU\�ILQH�VDQG�

6DQG\�/RDPV

6DQG\� ORDPV� FRQVLVW� RI� VRLO� PDWHULDOV� FRQWDLQLQJ ZKHQ�PRLVW��&DVWV�IRUPHG�IURP�VXFK�VRLOV�FDQ�EH�KDQGOHG

VRPHZKDW� OHVV� VDQG�� DQG�PRUH� VLOW� SOXV� FOD\�� WKDQ� ORDP\ TXLWH�IUHHO\�ZLWKRXW�EUHDNLQJ�

VDQGV�� $V� VXFK�� WKH\� SRVVHVV� FKDUDFWHULVWLFV� ZKLFK� IDOO

EHWZHHQ�WKH�ILQHU�WH[WXUHG�VDQG\�FOD\�ORDP�DQG�WKH�FRDUVHU�

WH[WXUHG�ORDP\�VDQGV��0DQ\�RI�WKH�LQGLYLGXDO�VDQG�JUDLQV

FDQ�VWLOO�EH�VHHQ�DQG�IHOW��EXW�WKHUH�LV�VXIILFLHQW�VLOW�DQG�RU

FOD\�WR�JLYH�FRKHUHQFH�WR�WKH�VRLO�VR�WKDW�FDVWV�FDQ�EH�IRUPHG

WKDW�ZLOO�EHDU�FDUHIXO�KDQGOLQJ�ZLWKRXW�EUHDNLQJ�

$V� ZLWK� VDQGV� DQG� ORDP\� VDQGV�� WKH� VDQG\� ORDPV

FRPSULVH�IRXU�GLIIHUHQW�86'$�WH[WXUHV��$OO�IRXU�WH[WXUHV�ILW

ZLWKLQ�WKH�VDQG\�ORDP�VHFWLRQ�RI�WKH�WH[WXUDO�WULDQJOH��EXW

WKH\�GLIIHU�LQ�SURSRUWLRQV�RI�WKH�YDULRXV�VL]HV�RI�VDQG�JUDLQ�

&RDUVH�6DQG\�/RDP��7KLV�LV�WKH�FRDUVHVW�DQG�JULWWLHVW

VDQG\�ORDP��,W�PXVW�FRQVLVW�RI�����RU�PRUH�YHU\�FRDUVH�DQG

FRDUVH�VDQG��DQG� OHVV� WKDQ�����DQ\�RWKHU�VLQJOH�JUDGH�RI

VDQG�

6DQG\�/RDP�� 6DQG\� ORDP� LV� QRW� GRPLQDWHG� E\� DQ\

SDUWLFXODU�VL]H�RI�VDQG�SDUWLFOH��,W�FRQWDLQV�����RU�PRUH�YHU\

RU�YHU\�ILQH�VDQG�

WKDQ�����ILQH�DQG�YHU\�ILQH�VDQG��DW�OHDVW�KDOI�RI�ZKLFK�LV

ORDP�WKDW�LV�SDUWLFXODUO\�LQIOXHQFHG�E\�WKH�SUHVHQFH�RI�ODUJH

PHGLXP�VDQG�

/RDP

/RDP�LV�VRLO�PDWHULDO�WKDW�LV�PHGLXP�WH[WXUHG��,W�IHHOV�DV

WKRXJK�LW�FRQWDLQV�D�UHODWLYHO\�HYHQ�PL[WXUH�RI�VDQG��VLOW��DQG

FOD\� EHFDXVH� FOD\� SDUWLFOHV�� ZLWK� WKHLU� VPDOO� VL]H�� KLJK

VXUIDFH� DUHDV�� DQG� KLJK� SK\VLFDO� DQG� FKHPLFDO� DFWLYLWLHV�

H[HUW�D�JUHDWHU�LQIOXHQFH�RQ�VRLO�SURSHUWLHV�WKDQ�GRHV�VDQG�RU

VLOW�

/RDP�WHQGV�WR�EH�UDWKHU�VRIW�DQG�IULDEOH��,W�KDV�D�VOLJKWO\

JULWW\�IHHO��\HW�LV�IDLUO\�VPRRWK�DQG�VOLJKWO\�VWLFN\�DQG�SODVWLF

6DQG\�&OD\�/RDP

6RLO� KDYLQJ� WKLV� WH[WXUH� FRQVLVWV� RI� PDWHULDOV� ZKRVH

EHKDYLRU� LV� GRPLQDWHG� E\� VDQG� DQG� FOD\�� ,W� PRVW� QHDUO\

UHVHPEOHV� WKH� VDQG\� ORDPV� LQ� WKDW� LW� KDV� FRQVLGHUDEOH

DPRXQWV� RI� VDQG�� ZKLFK� FDQ� EH� PRVW� HDVLO\� GHWHFWHG� E\

PRLVWHQLQJ�WKH�VRLO�DQG�VPRRWKLQJ�LW�RXW�EHWZHHQ�WKH�ILQJHUV�

+RZHYHU��DV�WKH�QDPH�LPSOLHV��VDQG\�FOD\�ORDP�KDV�PRUH

FOD\� WKDQ� WKH� VDQG\� ORDPV� DQG� WKXV� SRVVHVVHV� JUHDWHU

FRKHVLYH�SURSHUWLHV��VXFK�DV�VWLFNLQHVV�DQG�SODVWLFLW\��ZKHQ

PRLVWHQHG��&DVWV�PDGH�IURP�WKHVH�PDWHULDOV�DUH�TXLWH�ILUP�

FDQ� EH� KDQGOHG� URXJKO\� ZLWKRXW� EUHDNLQJ�� DQG� WHQG� WR

EHFRPH� KDUG� ZKHQ� GU\�� 7KH� PRLVW� VRLO� ZLOO� IRUP� D� WKLQ

ULEERQ�WKDW�ZLOO�EDUHO\�VXVWDLQ�LWV�RZQ�ZHLJKW�ZKHQ�VTXHH]HG

FDUHIXOO\�EHWZHHQ�WKH�WKXPE�DQG�ILQJHUV�
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&OD\�/RDP

&OD\�ORDP�FRQVLVWV�RI�VRLO�PDWHULDO�KDYLQJ�WKH�PRVW�HYHQ

GLVWULEXWLRQ�RI�VDQG��VLOW��DQG�FOD\�RI�DQ\�RI�WKH�VRLO�WH[WXUDO

JUDGHV��%XW�LW�IHHOV�DV�WKRXJK�LW�SRVVHVVHV�PRUH�FOD\�WKDQ

VDQG�RU�VLOW��6WLFN\�DQG�SODVWLF�ZKHQ�ZHW��LW�IRUPV�FDVWV�WKDW

DUH�ILUP�ZKHQ�PRLVW�DQG�KDUG�ZKHQ�GU\��7KH�PRLVW�VRLO�ZLOO

IRUP�D�WKLQ�ULEERQ�WKDW�ZLOO�EDUHO\�VXVWDLQ�LWV�RZQ�ZHLJKW

ZKHQ�VTXHH]HG�FDUHIXOO\�EHWZHHQ�WKH�WKXPE�DQG�ILQJHUV�

6LOW

6LOW�LV�VLPLODU�WR�VLOW�ORDP�EXW�FRQWDLQV�HYHQ�OHVV�VDQG

DQG�FOD\��6DQG�VL]HG�SDUWLFOHV��LI�SUHVHQW��DUH�JHQHUDOO\�VR

VPDOO� �HLWKHU� ILQH� RU� YHU\� ILQH� VDQG�� WKDW� WKH\� DUH

QRQGHWHFWDEOH� WR� WKH� ILQJHUV��&OD\�SDUWLFOHV�DUH�SUHVHQW� LQ

VXFK�ORZ�SHUFHQWDJHV�WKDW�OLWWOH�RU�QR�VWLFNLQHVV�LV�LPSDUWHG

WR�WKH�VRLO�ZKHQ�PRLVWHQHG��EXW�LW�LQVWHDG�IHHOV�VPRRWK�DQG

UDWKHU�VLON\��6LOW�VL]HG�SDUWLFOHV�DUH�VRPHZKDW�SODVWLF��DQG

FDVWV�FDQ�EH�IRUPHG�WKDW�ZLOO�EHDU�FDUHIXO�KDQGOLQJ�

6LOW�/RDP

6LOW�ORDP�KDV�UDWKHU�VPDOO�DPRXQWV�RI�VDQG�DQG�FOD\�DQG

LV�FRPSRVHG�PRVWO\�RI�VLOW�VL]HG�SDUWLFOHV��:KHQ�GU\��LW�LV

RIWHQ� UDWKHU� FORGG\� LQ� WKH� ILHOG�� EXW� WKH� OXPSV� DUH� HDVLO\

EURNHQ�EHWZHHQ�WKH�ILQJHUV��DQG�WKH�VRLO�WKHQ�IHHOV�VRIW�DQG

IORXU\��(LWKHU�PRLVW�RU�GU\��FDVWV�FDQ�EH�IRUPHG�ZKLFK�FDQ�EH

KDQGOHG�VRPHZKDW�IUHHO\�ZLWKRXW�EUHDNLQJ��:KHQ�PRLVWHQHG

DQG�VTXHH]HG�EHWZHHQ�WKH�ILQJHUV�LW�IHHOV�VRIW�DQG�VPRRWK��,W

ZLOO�QRW��ULEERQ�RXW���LW�ZLOO�EUHDN�LQWR�VPDOO�ELWV�

6LOW\�&OD\�/RDP

7KLV� VRLO� PDWHULDO� UHVHPEOHV� FOD\� ORDP� LQ� FRKHVLYH

SURSHUWLHV��EXW�SRVVHVVHV�PRUH�VLOW�DQG�OHVV�VDQG�DQG�WKXV

KDV�D�UDWKHU�VPRRWK�IHHO��7KH�VPDOO�DPRXQWV�RI�VDQG�SDUWLFOHV

ZKLFK� DUH� SUHVHQW� DUH� JHQHUDOO\� TXLWH� ILQH� DQG� DUH� YHU\

GLIILFXOW� WR� GHWHFW�� 6LOW\� FOD\� ORDP� LV� DOVR� LQWHUPHGLDWH� LQ

FKDUDFWHULVWLFV�EHWZHHQ�WKH�VLOW\�FOD\�DQG�WKH�VLOW�ORDP��LW�LV

VWLFN\� DQG�SODVWLF�ZKHQ�ZHW�� ILUP�ZKHQ�PRLVW��DQG� IRUPV

FDVWV�WKDW�DUH�KDUG�ZKHQ�GU\�

6LOW\�&OD\

6LOW\�FOD\�LV�TXLWH�VPRRWK��QRQJULWW\��YHU\�VWLFN\�DQG�YHU\

SODVWLF�ZKHQ�ZHW��DQG�IRUPV�YHU\�KDUG�DJJUHJDWHV�ZKHQ�GU\�

6DQG\�&OD\

6DQG\� FOD\� LV� VRPHZKDW� VLPLODU� WR� VLOW\� FOD\�� EXW� LW

FRQWDLQV�PXFK�PRUH�VDQG�DQG�OHVV�VLOW��

&OD\

&OD\�LV�WKH�ILQHVW�WH[WXUHG�RI�DOO�WKH�VRLO�FODVVHV��&OD\

XVXDOO\�IRUPV�H[WUHPHO\�KDUG�FORGV�RU�OXPSV�ZKHQ�GU\�DQG

LV�H[WUHPHO\�VWLFN\�DQG�SODVWLF�ZKHQ�ZHW��:KHQ�FRQWDLQLQJ

WKH�SURSHU�DPRXQW�RI�PRLVWXUH��LW�FDQ�EH��ULEERQHG�RXW��WR�D

UHPDUNDEOH� GHJUHH� E\� VTXHH]LQJ� EHWZHHQ� WKXPE� DQG

IRUHILQJHU��DQG�PD\�EH�UROOHG�LQWR�D�ORQJ��YHU\�WKLQ�ZLUH�

2UJDQLF�6RLOV

2UJDQLF�VRLOV�DUH�PDGH�XS�RI�SODQW�DQG�DQLPDO�UHPDLQV

WKDW�KDYH�DFFXPXODWHG��LQ�YDU\LQJ�VWDJHV�RI�GHFRPSRVLWLRQ�

LQ�DQ�HQYLURQPHQW�WKDW�GRHV�QRW�DOORZ�GHFD\�RI�WKH�PDWHULDOV

WR�WDNH�SODFH�UDSLGO\��6XFK�DQ�HQYLURQPHQW�PD\�EH�IRXQG�LQ

VRPH�VZDPSV��PDUVKHV��DQG�ODNHV��DQG�UDUHO\�LQ�GULHU��PRUH

XSODQG�HQYLURQPHQWV�ZKHUH�WKH�HFRV\VWHP�LV�VR�SURGXFWLYH

WKDW�SODQW�UHPDLQV�DFFXPXODWH�DW�H[WUHPHO\�KLJK�UDWHV��0XFN�

SHDW\�PXFN��PXFN\�SHDW��DQG�SHDW�DUH�WHUPV�XVHG�LQ�SODFH�RI

WH[WXUDO� FODVV� QDPHV� IRU� RUJDQLF� VRLOV�� 0XFN� FRQVLVWV� RI

KLJKO\�GHFRPSRVHG�UHPDLQV�RI�SODQWV�DQG�RWKHU�RUJDQLVPV�

3HDW�FRQVLVWV�RI�UHODWLYHO\�UDZ��OHVV�ZHOO�GHFRPSRVHG�RUJDQLF

PDWHULDOV��3HDW\�PXFN�DQG�PXFN\�SHDW�DUH�LQWHUPHGLDWH�LQ

GHFRPSRVLWLRQ�� 0LQHUDO� VRLOV�� DV� GHVFULEHG� LQ� HDUOLHU

SDUDJUDSKV�� DUH� QRW� GRPLQDWHG� E\� RUJDQLF� PDWHULDOV�� EXW

FRQVLVW�SULPDULO\�RI�VDQG���VLOW���DQG�RU�FOD\�VL]HG�SDUWLFOHV�RI

PLQHUDOV�RU�URFN�IUDJPHQWV��,I�\RX�HQFRXQWHU�D�VRLO�PDWHULDO

WKDW�KDV�EHHQ�GHVLJQDWHG�PXFN\�VDQG�RU�RWKHU�VXFK�PL[HG

QDPH�� LW� LQGLFDWHV� WKDW� WKH�VRLO� LV�D�PLQHUDO� VRLO�KDYLQJ�D

KLJKHU�WKDQ�RUGLQDU\�FRQWHQW�RI�RUJDQLF�PDWWHU��VD\������RU

VR�E\�ZHLJKW���EXW�QRW�KLJK�HQRXJK�WR�WUHDW�WKH�VRLO�DV�DQ

RUJDQLF�VRLO��PXFN��SHDW\�PXFN��HWF����

&RDUVH�)UDJPHQWV�DQG�5RFN�2XWFURSV

0LQHUDO�SDUWLFOHV�LQ�WKH�VRLO�WKDW�DUH�ODUJHU�WKDQ���PP�LQ

GLDPHWHU�DUH�QRW�VRLO�VHSDUDWHV��EXW�DUH�FODVVLILHG�DV�SHEEOHV

�RU���FROOHFWLYHO\��JUDYHO���FREEOHVWRQHV��VWRQHV��RU�ERXOGHUV�

GHSHQGLQJ�RQ�WKHLU�VL]HV�DQG�VKDSHV��&ROOHFWLYHO\��WKH\�DUH

FDOOHG�FRDUVH�IUDJPHQWV�DQG�DUH�UHJDUGHG�DV�SDUW�RI�WKH�VRLO

PDVV�GXH�WR�WKHLU�LQIOXHQFH�RQ�ZDWHU�UHWHQWLRQ��LQILOWUDWLRQ�

DQG� UXQRII��:KHQ� SUHVHQW� LQ� VLJQLILFDQW� DPRXQWV�� FRDUVH

IUDJPHQWV� XS� WR� ��� FP� ���� LQFKHV�� LQ� GLDPHWHU� DUH

UHFRJQL]HG�E\�XVH�RI�DQ�DSSURSULDWH�DGMHFWLYH�LQ�WKH�WH[WXUDO

VRLO� FODVV� QDPH�� )RU� H[DPSOH�� D� VDQG\� ORDP� VXUIDFH� VRLO

FRQWDLQLQJ�VXIILFLHQW�JUDYHOO\�PDWHULDO�WR�DIIHFW�WLOODJH�FRXOG

EH�GHVLJQDWHG�DV��JUDYHOO\�VDQG\�ORDP��RU�DV��VDQG\�ORDP�

JUDYHO�SKDVH��

5RFN� IUDJPHQWV� ODUJHU� WKDQ� ��� FP� ���� LQFKHV�� LQ

GLDPHWHU��LI�VRPHZKDW�HTXDOO\�GLPHQVLRQHG��RU�PRUH�WKDQ���

FP�����LQFKHV��LQ�WKH�ORQJHVW�GLPHQVLRQ��LI�OHQJWK�DQG�ZLGWK
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GLIIHU�JUHDWO\��DUH�FDOOHG�VWRQHV�DQG�ERXOGHUV��6WRQHV�UDQJH FKDUDFWHULVWLFV�WKDW�DIIHFW�WKHLU�VXLWDELOLW\�DGYHUVHO\�IRU�XVH�DV

XS�WR����FP����IHHW���DQG�ERXOGHUV�DUH�URFNV�WKDW�DUH�ODUJHU EXLOGLQJ�VLWHV�DQG�IRU�URDG�FRQVWUXFWLRQ�

WKDQ� WKDW� ZLWK� QR� XSSHU� VL]H� OLPLW�� 7KH� ODUJHU� FRDUVH

IUDJPHQWV�DQG�URFN�RXWFURSV�DUH�GHVFULEHG�LQ�UHODWLRQ�WR�WKHLU 7KH� TXHVWLRQ� LV� VRPHWLPHV� DVNHG�� �:KDW� LV� WKH� EHVW

QXPEHU�� VL]H��DQG�VSDFLQJ�DW� WKH�VRLO� VXUIDFH��'HVFULSWLYH VRLO"��7KH� DQVZHU� FDQ�RQO\� SURSHUO\� EH� JLYHQ�E\� DQRWKHU

WHUPLQRORJ\�LV�XVHG�DV�D�SKDVH�RI�D�WH[WXUDO�VRLO�FODVV�QDPH� TXHVWLRQ���%HVW�IRU�ZKDW"��,W�LV�JHQHUDOO\�WKRXJKW�WKDW��ZLWK

VXFK�DV��ORDP\�VDQG��ERXOGHU\�SKDVH���RU��VLOW�ORDP��URFN DOO�RWKHU� IDFWRUV�EHLQJ�HTXDO�� VRLOV�KDYLQJ�VDQG\� ORDP��RU

RXWFURS�SKDVH�� ORDP�WH[WXUHG� VXUIDFH� VRLOV�� DUH� EHWWHU� VXLWHG� IRU� D� ZLGHU

HFRQRPLFDOO\�WKDQ�PRVW�RWKHU�VRLOV�LQ�)ORULGD��6XFK�VRLOV�DUH6LJQLILFDQFH�RI�6RLO�7H[WXUH

2I� VRLO� FKDUDFWHULVWLFV�� WH[WXUH� LV� RQH� RI� WKH� PRVW

LPSRUWDQW�� ,W� LQIOXHQFHV� PDQ\� RWKHU� SURSHUWLHV� RI� JUHDW

VLJQLILFDQFH�WR�ODQG�XVH�DQG�PDQDJHPHQW��6RPH�WHUPV�RIWHQ

XVHG�WR�GHVFULEH�WKH�YDULRXV�WH[WXUDO�FODVV�QDPHV�IROORZ�WR ,W�LV�YHU\�LPSRUWDQW�WR�UHDOL]H�WKDW�WH[WXUH�DORQH�GRHV�QRW

GLVFXVV�WKLV�UHODWLRQVKLS�DGHTXDWHO\��VDQG\�RU�FRDUVH�WH[WXUHG WHOO� XV� DOO� ZH� QHHG� WR� NQRZ� DERXW� VRLOV� DV� ZH� WU\� WR

VRLOV��IRU�VDQGV�DQG�ORDP\�VDQGV���ORDP\�RU�PHGLXP�WH[WXUHG XQGHUVWDQG�DQG�SUHGLFW�WKHLU�EHKDYLRU�DQG�WKHLU�VXLWDELOLW\�IRU

VRLOV��IRU�VDQG\�ORDPV��ORDP��VLOW��VLOW�ORDP��VDQG\�FOD\�ORDP� GLIIHUHQW�XVHV�

FOD\�ORDP��DQG�VLOW\�FOD\�ORDP���DQG�FOD\H\�RU�ILQH�WH[WXUHG

VRLOV��IRU�VDQG\�FOD\��VLOW\�FOD\��DQG�FOD\�� &HPHQWDWLRQ�LV�DQ�H[DPSOH�RI�RQH�VRLO�DWWULEXWH�WKDW�FDQ

*HQHUDOO\� VSHDNLQJ�� VDQG\� VRLOV� WHQG� WR� EH� ORZ� LQ WKURXJKRXW� LWV� GHSWK�� EXW� WKH� FRDWLQJ� RI� VDQG� JUDLQV� E\

RUJDQLF�PDWWHU�FRQWHQW�DQG�QDWLYH�IHUWLOLW\��ORZ�LQ�DELOLW\�WR QDWXUDOO\�RFFXUULQJ� PDWHULDOV� VXFK� DV� RUJDQLF� PDWWHU� DQG

UHWDLQ�PRLVWXUH�DQG�QXWULHQWV��ORZ�LQ�FDWLRQ�H[FKDQJH�DQG LURQ�DOXPLQXP�R[LGHV�PD\�OHDG�WR�WKH�FHPHQWDWLRQ�RI�VDQG

EXIIHU�FDSDFLWLHV��DQG� UDSLGO\�SHUPHDEOH� �L�H��� WKH\�SHUPLW JUDLQV�WR�HDFK�RWKHU�DQG�HYHQ�WR�WKH�SOXJJLQJ�RI�WKH�SRUHV

UDSLG�PRYHPHQW�RI�ZDWHU�DQG�DLU���7KLFN��XSODQG�GHSRVLWV�RI EHWZHHQ�VDQG�JUDLQV��7KLV�SKHQRPHQRQ�KDSSHQV�FRPPRQO\

VXFK�VRLO�PDWHULDOV��FRPPRQ�LQ�WKH�FHQWUDO�ULGJH�VHFWLRQ�RI LQ� VXEVRLOV� RI� WKH� IODWZRRGV�� 7KH� UHVXOWLQJ� VWDLQHG� OD\HU

)ORULGD�� EXW� DOVR� LQ� RWKHU� VDQG�KLOO� DUHDV�� DUH� RIWHQ� TXLWH �FDOOHG�D�VSRGLF�KRUL]RQ�E\�VRLO�VFLHQWLVWV�DQG�D�KDUGSDQ�E\

GURXJKW\��QHHG�LUULJDWLRQ�DW�WLPHV�GXULQJ�GU\�VHDVRQV����DQG PDQ\�RWKHUV��FDQ� UHGXFH� WKH�SHUPHDELOLW\�RI� WKH� � VXEVRLO�

DUH�EHVW�DGDSWHG�WR�GHHS�URRWHG�FURSV��VXFK�DV�FLWUXV�ZKHUH GHSHQGLQJ�RQ�WKH�GHJUHH�RI�FHPHQWDWLRQ�DQG�SOXJJLQJ�WKDW

WHPSHUDWXUHV�SHUPLW�� KDV�RFFXUUHG��DQG�FDQ�VLJQLILFDQWO\�DOWHU�WKH�EHKDYLRU�RI�D

6DQG\� VRLOV� XVXDOO\� KDYH� KLJK�EXON� GHQVLWLHV� DQG� DUH QR�VWDLQLQJ��FHPHQWDWLRQ��RU�SOXJJLQJ�

WKHUHIRUH�ZHOO�VXLWHG�IRU�URDG�IRXQGDWLRQV�DQG�EXLOGLQJ�VLWHV�

7KH\� GR� UHTXLUH� JRRG� ZDWHU� PDQDJHPHQW� �JHQHUDOO\ +XPDQ� DFWLYLWLHV� FDQ� DIIHFW� SHUPHDELOLW\� RI� VRLOV�

LQFOXGLQJ�PRUH�IUHTXHQW�LUULJDWLRQV�DQG�RU�DUWLILFLDO�GUDLQDJH 3ORZSDQV� DQG� RWKHU� W\SHV� RI� FRPSDFWLRQ� FDQ� UHGXFH� VRLO

WR�ILW�WKH�QHHGV�RI�D�VSHFLILF�FURS��DQG�SURSHU�IHUWLOL]DWLRQ SHUPHDELOLW\� UDGLFDOO\�� HYHQ� LQ� VDQG\� VRLOV�� &RQYHUVHO\�

�PHDQLQJ�PRUH�IUHTXHQW�EXW�ORZHU�TXDQWLWLHV�RI�QXWULHQWV�SHU VXEVRLOLQJ� RU� RWKHU� NLQGV� RI� � ULSSLQJ�� EUHDNLQJ�RI� VORZO\

DSSOLFDWLRQ���7RWDO�DPRXQWV�RI�IHUWLOL]HU�SHU�FURS�DUH�XVXDOO\ SHUPHDEOH�VRLO�KRUL]RQV�FDQ�LQFUHDVH�VRLO�SHUPHDELOLW\�

TXLWH�KLJK�

$V�WKH�UHODWLYH�SHUFHQWDJHV�RI�VLOW�DQG�RU�FOD\�SDUWLFOHV EHKDYLRU�� 6DQG\� VRLOV� RI� WKH� IODWZRRGV�� IRU� H[DPSOH�� DUH

EHFRPH�JUHDWHU��SURSHUWLHV�RI�VRLOV�DUH�LQFUHDVLQJO\�DIIHFWHG� OLNHO\�WR�EH�VDWXUDWHG�ZLWK�ZDWHU�IRU�H[WHQGHG�SHULRGV�GXULQJ

)LQHU�WH[WXUHG�VRLOV�JHQHUDOO\�DUH�PRUH�IHUWLOH��FRQWDLQ�PRUH PRVW�\HDUV��7KH�VDQG\�VRLOV�RI�KLJKHU��VDQG�KLOO�ODQGVFDSHV

RUJDQLF� PDWWHU�� KDYH� KLJKHU� FDWLRQ� H[FKDQJH� DQG� EXIIHU DUH�XQOLNHO\�WR�KDYH�KLJK�ZDWHU�WDEOHV�HYHQ�IRU�VKRUW�SHULRGV�

FDSDFLWLHV��DUH�EHWWHU�DEOH�WR�UHWDLQ�PRLVWXUH�DQG�QXWULHQWV�

DQG�SHUPLW�OHVV�UDSLG�PRYHPHQW�RI�DLU�DQG�ZDWHU��$OO�RI�WKLV

LV�JRRG�XS�WR�D�SRLQW��:KHQ�VRLOV�DUH�VR�ILQH�WH[WXUHG�DV�WR

EH�FODVVLILHG�DV�FOD\H\��KRZHYHU��WKH\�DUH�OLNHO\�WR�H[KLELW

SURSHUWLHV� ZKLFK� DUH� VRPHZKDW� GLIILFXOW� WR� PDQDJH� RU

RYHUFRPH��6XFK�VRLOV�DUH�RIWHQ�WRR�VWLFN\�ZKHQ�ZHW�DQG�WRR

KDUG�ZKHQ�GU\�WR�FXOWLYDWH��7KH\�DOVR�PD\�KDYH�VKULQN�VZHOO

YDULHW\� RI� FURSV�� DQG� ZLOO� SURGXFH� KLJKHU� \LHOGV� PRUH

PRUH�FRPPRQ�LQ�WKH�QRUWKZHVW�SRUWLRQ�RI�WKH�VWDWH�

6RPH�7KLQJV�7H[WXUH�'RHV�1RW�7HOO�8V

DOWHU� WKH� HIIHFW� RI� VRLO� WH[WXUH�� $� VRLO� PD\� EH� VDQG\

VRLO�UHODWLYH�WR�WKH�EHKDYLRU�WKDW�LW�ZRXOG�KDYH�LI�WKHUH�ZHUH

7KH�ZDWHU�WDEOH�FDQ�KDYH�DQ�LPSRUWDQW�LPSDFW�RQ�VRLO

&RPSDULVRQ�ZLWK�(QJLQHHULQJ

&ODVVLILFDWLRQ�6\VWHPV

7KH� V\VWHP� IRU� GHWHUPLQLQJ� 86'$� WH[WXUH� LV

VLJQLILFDQWO\� GLIIHUHQW� IURP� WKH�8QLILHG� DQG� WKH�$PHULFDQ

$VVRFLDWLRQ��RI�6WDWH��+LJKZD\�DQG�7UDQVSRUWDWLRQ�2IILFLDOV
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�$$6+72��V\VWHPV�WKDW�DUH�WUDGLWLRQDOO\�XVHG�E\�HQJLQHHUV�

2QH� PDMRU� GLIIHUHQFH� LV� WKDW� WKH� FXWRIIV� EHWZHHQ� SDUWLFOH

VL]HV�DUH�GLIIHUHQW�DPRQJ�WKH�WKUHH�V\VWHPV�

$QRWKHU� LPSRUWDQW� GLIIHUHQFH� LV� WKDW� 86'$� WH[WXUH

GHSHQGV�HQWLUHO\�RQ�SDUWLFOH�VL]H��WKH�8QLILHG�DQG�$$6+72

GHVLJQDWLRQV�GHSHQG�QRW�RQO\�RQ�SDUWLFOH�VL]HV�EXW�DOVR�RQ

RWKHU�SURSHUWLHV�VXFK�DV�$WWHUEHUJ�OLPLWV��OLTXLG�OLPLW�DQG

SODVWLFLW\�LQGH[��

7KHUH�LV��XQIRUWXQDWHO\��QR�ZD\�WR�WUDQVODWH�GLUHFWO\�IURP

WKH�86'$�V\VWHP�WR�WKH�RWKHU�V\VWHPV�DQG�EDFN��6DQG\�FOD\

ORDP�LQ�WKH�86'$�V\VWHP��IRU�H[DPSOH��PD\�EH�HLWKHU�6&�RU

&/�LQ�WKH�8QLILHG�V\VWHP��GHSHQGLQJ�RQ�WKH�SHUFHQWDJHV�RI

GLIIHUHQW�VL]HV�RI�SDUWLFOHV��VLPLODUO\��LW�PD\�EH�$���RU�$����

LQ�WKH�$$6+72�V\VWHP��&RQYHUVHO\��&/�IURP�WKH�8QLILHG

V\VWHP�PD\�EH�FOD\��VLOW\�FOD\��VLOW\�FOD\�ORDP��FOD\�ORDP�

ORDP��VLOW�ORDP��VDQG\�FOD\��RU�VDQG\�FOD\�ORDP�LQ�WKH�86'$

V\VWHP��GHSHQGLQJ�RQ�WKH�UHVXOWV�RI�D�PHFKDQLFDO�DQDO\VLV

GRQH�XVLQJ��86'$�VWDQGDUGV��D�VRLO�GHVLJQDWHG�$���LQ�WKH

$$6+72� V\VWHP�PD\� EH� FOD\� ORDP�� ORDP�� VLOW� ORDP�� RU

VDQG\�FOD\�ORDP�LQ�WKH�86'$�V\VWHP�

)RU� PRUH� LQIRUPDWLRQ� RQ� WKH� 8QLILHG� DQG� $$6+72

V\VWHPV��FRQVXOW�ZLWK�\RXU�ORFDO�RIILFH�RI�WKH�86'$��1DWXUDO

5HVRXUFHV� &RQVHUYDWLRQ� 6HUYLFH�� D� PRGHUQ� VRLO� VXUYH\

UHSRUW��RU�D�WH[WERRN�LQ�VRLO��PHFKDQLFV�

:KHUH�WR�*HW�0RUH�,QIRUPDWLRQ

)RU� DGGLWLRQDO� LQIRUPDWLRQ�RQ� WKH� DYDLODELOLW\� RI� VRLO

VXUYH\�UHSRUWV�DQG�RWKHU�VRLO�UHODWHG�LQIRUPDWLRQ�DVVLVWDQFH

LQ�\RXU�UHJLRQ��FRQWDFW�\RXU�ORFDO�&RXQW\�([WHQVLRQ�6HUYLFH�

6RLO�DQG�:DWHU�&RQVHUYDWLRQ�'LVWULFW��DQG�86'$�1DWXUDO

5HVRXUFHV�&RQVHUYDWLRQ�6HUYLFH�RIILFHV�

$FNQRZOHGJPHQW

7KLV� IDFW� VKHHW� LV� D�PDMRU� UHYLVLRQ� RI� �6RLO�7H[WXUH�

�6RLO�6FLHQFH�)DFW�6KHHW�6/������E\�5��(��&DOGZHOO��,W�KDV

EHHQ� PRGLILHG� DV� SDUW� RI� D� SURMHFW� HQWLWOHG� ¦'HWHUPLQLQJ

6RLO�:DWHU�6HDVRQDO�0RYHPHQW���3DUWLDO� VXSSRUW� IRU� WKLV

SURMHFW�KDV�EHHQ�SURYLGHG�E\�WKH�8�6��*HRORJLFDO�6XUYH\�

'HSDUWPHQW� RI� WKH� ,QWHULRU�� WKURXJK� WKH� )ORULGD� :DWHU

5HVRXUFHV� 5HVHDUFK� &HQWHU�� DV� DXWKRUL]HG� E\� WKH� :DWHU

5HVRXUFHV�5HVHDUFK�$FW� RI� ������$GGLWLRQDO� VXSSRUW� KDV

FRPH�IURP�WKH�6RLO�&KDUDFWHUL]DWLRQ�3URJUDP�RI�)ORULGD
V

$FFHOHUDWHG�6RLO�6XUYH\��IXQGHG�E\�WKH�)ORULGD�/HJLVODWXUH

WKURXJK�WKH�%XUHDX�RI�6RLO�DQG�:DWHU�&RQVHUYDWLRQ��)ORULGD

'HSDUWPHQW�RI�$JULFXOWXUH�DQG�&RQVXPHU�VHUYLFHV�

7DEOH�����6L]H�OLPLWV��GLDPHWHU�LQ�PLOOLPHWHUV��RI�VRLO

VHSDUDWHV�LQ�WKH�86'$�VRLO�WH[WXUDO�FODVVLILFDWLRQ�V\VWHP

�1DPH�RI�VRLO�VHSDUDWH 'LDPHWHU��OLPLWV��PP�

9HU\�FRDUVH�VDQG
 ������������

&RDUVH�VDQG �����������

0HGLXP�VDQG �����������

)LQH�VDQG �����������

9HU\�ILQH�VDQG� �����������

6LOW ������������

&OD\ OHVV�WKDQ������


� 1RWH�WKDW�WKH�VDQG�VHSDUDWH�LV�VSOLW�LQWR�ILYH�VL]HV��YHU\
FRDUVH�VDQG��FRDUVH�VDQG��HWF����7KH�VL]H�UDQJH�IRU
VDQGV��FRQVLGHUHG�EURDGO\��FRPSULVHV�WKH�HQWLUH�UDQJH
IURP�YHU\�FRDUVH�VDQG�WR�YHU\�ILQH�VDQG��L�H������������
PP�
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7DEOH�����'LVWULEXWLRQ�RI�SDUWLFOH�VL]HV�DQG�86'$�WH[WXUDO�QDPHV�IRU�VRLO�VDPSOHV�IURP�WKUHH�GLIIHUHQW�GHSWKV�LQ�HDFK�RI�WZR

FRQWUDVWLQJ�)ORULGD�VRLOV��GHVLJQDWHG�¦6���DQG�¦6���

6DPSOH 6RLO 6RLO�+RUL]RQ
 9&6� &6 06 )6 9)6 7RWDO 6LOW &OD\ 86'$�7H[WXUDO
1R� 6DQG�� 1DPH

� 6� $��7RSVRLO��� � �� �� �� � �� � � 6DQG
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What is soil? 
 
Soil is a dynamic resource that supports plant life. It is 
made up of different sized mineral particles (sand, silt, 
and clay), organic matter, and numerous species of 
living organisms. Thus, soil has biological, chemical, 
and physical properties, some of which are dynamic and 
can change in response to how the soil is managed.  
 
 
 
 
 
 
 
 
 
 
 
 
What does soil do for us? 
 
Soil provides several essential services or functions:  
 
Soil supports the growth and diversity of plants and 
animals by providing a physical, chemical, and 
biological environment for the exchange of water, 
nutrients, energy and air.  
 
Soil regulates the distribution of rain or irrigation water 
between infiltration and runoff, and regulates the flow 
and storage of water and solutes, including nitrogen, 
phosphorus, pesticides, and other nutrients and 
compounds dissolved in the water.  
 
Soil stores, moderates the release of, and cycles plant 
nutrients and other elements.  

Soil acts as a filter to protect the quality of water, air, 
and other resources. 
 
Soil supports structures and protects archeological 
treasures.  
 
What is soil quality? 
 
Soil quality is the capacity of a specific kind of soil to 
function, within natural or managed ecosystem 
boundaries, to sustain plant and animal productivity, 
maintain or enhance water and air quality, and support 
human health and habitation. Changes in the capacity of 
soil to function are reflected in soil properties that 
change in response to management or climate. 
 
Why is soil quality important? 
 
Management that enhances soil quality will benefit 
cropland, rangeland, and woodland productivity. 
Enhanced soil quality can help to reduce the onsite and 
offsite costs of soil erosion, improve water and nutrient 
use efficiencies, and ensure that the resource is 
sustained for future use. It also benefits water quality, 
air quality, and wildlife habitat.  



 

 

How is soil quality evaluated? 
 
Soil quality is evaluated separately for each individual 
soil using soil quality indicators that reflect changes in 
the capacity of the soil to function. Useful indicators are 
those that are sensitive to change, and change in 
response to management. The type and number of 
indicators used depends on the scale of the evaluation 
(i.e., field, farm, watershed, or region) and the soil 
functions of interest. For example, infiltration rate and 
aggregate stability help indicate the capacity of the soil 
to intake water and resist runoff and erosion. Changes in 
soil organic matter, including active organic carbon or 
particulate soil organic matter, may indicate changes in 
productivity. Increased bulk density may reflect limits to 
root growth, seedling emergence, and water infiltration. 
Measurements of indicators can be made with simple to 
somewhat complex field tests, or sophisticated 
laboratory analyses. 
 
To evaluate soil quality, indicators can be assessed at 
one point in time or monitored over time to establish 
trends.  
 
An assessment provides information about the current 
functional status or quality of the soil. The assessment 
must start with an understanding of the standard, 
baseline value, or reference value to be used for 
comparison. Assessments can be made to help identify 
areas where problems occur, to identify areas of special 
interest, or to compare fields under different 
management systems. Land managers can use this 
information, along with data from soil surveys, fertility 
tests, and other resource inventory and monitoring data, 
to make management decisions.  

 
Monitoring of soil quality indicators over time 
identifies changes or trends in the functional status or 
quality of the soil. Monitoring can be used to determine 
the success of management practices or the need for 
additional management changes or adjustments.  
 
What concerns relate to soil quality? 
 
Evaluating soil quality can improve the response to 
many resource concerns, including those listed below. 
For further information, refer to other Soil Quality 
Information Sheets.  
 
• Loss of soil by erosion 
• Deposition of sediment by wind or floodwaters 
• Compaction of layers near the surface  
• Degradation of soil aggregates or soil structure 
• Reduced infiltration and increased runoff 
• Crusting of the soil surface 
• Nutrient loss or imbalance 
• Pesticide carryover 
• Buildup of salts 
• An unfavorable change in pH  
• Loss of organic matter  
• Reduced biological activity  
• Poor residue breakdown 
• Infestation by weeds or pathogens  
• Excessive wetness 
• Increased water-repellency of soils due to fire 
• Reduced water quality  
• Greenhouse gas emissions 

 
 
 
 
 

The full series of Soil Quality Information Sheets is available at www.statlab.iastate.edu/survey/SQI.  
 

This Sheet was prepared by the Soil Quality Institute in cooperation with the National Soil Survey Center, NRCS, USDA;  
and the National Soil Tilth Laboratory, Agricultural Research Service, USDA  
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What are indicators?

Soil quality indicators are physical, chemical, and
biological properties, processes, and characteristics
that can be measured to monitor changes in the soil.

The types of indicators that are the most useful depend
on the function of soil for which soil quality is being
evaluated.  These functions include:

- providing a physical, chemical, and biological setting
for living organisms;

- regulating and partitioning water flow, storing and
cycling nutrients and other elements;

- supporting biological activity and diversity for plant
and animal productivity;

- filtering, buffering, degrading, immobilizing, and
detoxifying organic and inorganic materials; and

- providing mechanical support for living organisms
and their structures.

Why are indicators important?

Soil quality indicators are important to:
- focus conservation efforts on maintaining and improv-

ing the condition of the soil;
- evaluate soil management practices and techniques;
- relate soil quality to that of other resources;
- collect the necessary information to determine trends;
- determine trends in the health of the Nation’s soils;
- guide land manager decisions.

What are some indicators?

Indicators of soil quality can be categorized into four
general groups: visual, physical, chemical, and biologi-
cal.

Visual indicators may be obtained from observation or
photographic interpretation.  Exposure of subsoil,
change in soil color, ephemeral gullies, ponding, runoff,
plant response, weed species, blowing soil, and deposi-
tion are only a few examples of potential locally deter-
mined indicators.  Visual evidence can be a clear indica-
tion that soil quality is threatened or changing.

Physical indicators are related to the arrangement of
solid particles and pores.  Examples include topsoil
depth, bulk density, porosity, aggregate stability, texture,
crusting, and compaction.  Physical indicators primarily
reflect limitations to root growth, seedling emergence,
infiltration, or movement of water within the soil profile.

Chemical indicators include measurements of pH,
salinity, organic matter, phosphorus concentrations,
cation-exchange capacity, nutrient cycling, and concen-
trations of elements that may be potential contaminants
(heavy metals, radioactive compounds, etc.) or those that
are needed for plant growth and development.  The soil’s
chemical condition affects soil-plant relations, water
quality, buffering capacities, availability of nutrients and
water to plants and other organisms, mobility of con-
taminants, and some physical conditions, such as the
tendency for crust to form.

Biological indicators include measurements of micro-
and macro-organisms, their activity, or byproducts.
Earthworm, nematode, or termite populations have been
suggested for use in some parts of the country.  Respira-
tion rate can be used to detect microbial activity, specifi-
cally microbial decomposition of organic matter in the
soil.  Ergosterol, a fungal byproduct, has been used to
measure the activity of organisms that play an important
role in the formation and stability of soil aggregates.
Measurement of decomposition rates of plant residue in
bags or measurements of weed seed numbers, or patho-
gen populations can also serve as biological indicators of
soil quality.



How are indicators selected?

Soil quality is estimated by observing or measuring
several different properties or processes.  No single
property can be used as an index of soil quality.

The selection of indicators should be based on:
- the land use;
- the relationship between an indicator and the soil

function being assessed;
- the ease and reliability of the measurement;
- variation between sampling times and variation

across the sampling area;
- the sensitivity of the measurement to changes in soil

management;
- compatibility with routine sampling and monitoring;
- the skills required for use and interpretation.

When and where to measure?

The optimum time and location for observing or sam-
pling soil quality indicators depends on the function for
which the assessment is being made.  The frequency of
measurement also varies according to climate and land
use.

Soil variation across a field, pasture, forest, or rangeland
can greatly affect the choice of indicators.  Depending
on the function, such factors as the landscape unit, soil
map unit, or crop growth stage may be critical.  Wheel
tracks can dramatically affect many properties measured
for plant productivity.  Management history and current
inputs should also be recorded to ensure a valid interpre-
tation of the information.

Monitoring soil quality should be directed primarily
toward the detection of trend changes that are measur-
able over a 1- to 10-year period.  The detected changes
must be real, but at the same time they must change
rapidly enough so that land managers can correct
problems before undesired and perhaps irreversible loss
of soil quality occurs.

(Prepared by the National Soil Survey Center in cooperation with the Soil Quality Institute, NRCS, USDA, and the National Soil
Tilth Laboratory, Agricultural Research Service, USDA)
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Soil reaction influence on availability of plant nutrients.

What does the value mean?

Interpreting indicator measurements to separate soil
quality trends from periodic or random changes is
currently providing a major challenge for researchers
and soil managers.  Soils and their indicator values vary
because of differences in parent material, climatic
condition, topographic or landscape position, soil
organisms, and type of vegetation.  For example,
cationexchange capacity may relate to organic matter,
but it may also relate to the kind and amount of clay.

Establishing acceptable ranges, examining trends and
rates of change over time, and including estimates of the
variance associated with the measurements are important
in interpreting indicators.  Changes need to be evaluated
as a group, with a change in any one indicator being
evaluated only in relation to changes in others.  Evalua-
tions before and after, or with and without intervention,
are also needed to develop appropriate and meaningful
relationships for various kinds of soils and the functions
that are expected of them.

The overall goal should be to maintain or improve soil
quality without adversely affecting other resources.
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What are soil aggregates?

Soil aggregates are groups of soil particles that bind to
each other more strongly than to adjacent particles.  The
space between the aggregates provide pore space for
retention and exchange of air and water.

What is aggregate stability?

Aggregate stability refers to the ability of soil aggregates
to resist disruption when outside forces (usually associ-
ated with water) are applied.

Aggregate stability is not the same as dry aggregate
stability, which is used for wind erosion prediction.  The
latter term is a size evaluation.

Why is aggregate stability impor-
tant?

Aggregation affects erosion, movement of water, and
plant root growth.  Desirable aggregates are stable
against rainfall and water movement.  Aggregates that
break down in water or fall apart when struck by rain-
drops release individual soil particles that can seal the
soil surface and clog pores.  This breakdown creates
crusts that close pores and other pathways for water and
air entry into a soil and also restrict emergence of
seedlings from a soil.

Optimum conditions have a large range in pore size
distribution.  This includes large pores between the
aggregates and smaller pores within the aggregates.  The
pore space between aggregates is essential for water and
air entry and exchange.  This pore space provides zones
of weakness through which plant roots can grow.  If the
soil mass has a low bulk density or large pore spaces,
aggregation is less important.  For example, sandy soils
have low aggregation, but roots and water can move
readily.

How is aggregate stability mea-
sured?

Numerous methods measure aggregate stability.  The
standard method of the NRCS Soil Survey Laboratory
can be used in a field office or in a simple laboratory.
This procedure involves repeated agitation of the aggre-
gates in distilled water.



What influences aggregate stability?

The stability of aggregates is affected by soil texture, the
predominant type of clay, extractable iron, and extract-
able cations, the amount and type of organic matter
present, and the type and size of the microbial popula-
tion.

Some clays expand like an accordion as they absorb
water.  Expansion and contraction of clay particles can
shift and crack the soil mass and create or break apart
aggregates.

Calcium ions associated with clay generally promote
aggregation, whereas sodium ions promote dispersion.

Soils with over about five percent iron oxides, expressed
as elemental iron, tend to have greater aggregate stabil-
ity.

Soils that have a high content of organic matter have
greater aggregate stability.  Additions of organic matter
increase aggregate stability, primarily after decomposi-
tion begins and microorganisms have produced chemical
breakdown products or mycelia have formed.

Soil microorganisms produce many different kinds of
organic compounds, some of which help to hold the
aggregates together.  The type and species of microor-
ganisms are important.  Fungal mycelial growth binds
soil particles together more effectively than smaller
organisms, such as bacteria.

Aggregate stability declines rapidly in soil planted to a
clean-tilled crop.  It increases while the soil is in sod and
crops, such as alfalfa.

(Prepared by the National Soil Survey Center in cooperation with the Soil Quality Institute, NRCS, USDA, and the National Soil
Tilth Laboratory, Agricultural Research Service, USDA)

________________________________________________________________________________________

The United States Department of Agriculture (USDA) prohibits discrimination in its programs on the basis of race, color, national origin, sex, religion, age,
disability, political beliefs, and marital or familial status.  (Not all prohibited bases apply to all programs.)  Persons with disabilities who require alternative means for
communication of program information (braille, large print, audiotape, etc.) should contact the USDA Office of Communications at (202) 720-2791.

To file a complaint, write the Secretary of Agriculture, U.S. Department of Agriculture, Washington, D.C., 20250, or call (202) 720-7327 (voice) or (202) 720-
1127 (TDD).  USDA is an equal employment opportunity employer.

An alternative procedure described here does not
require weighing.  The measurements are made on
air-dry soil that has passed through a sieve with 2-
millimeter mesh and retained by a sieve with a 1-
millimeter mesh.  A quantity of these 2-1 millimeter
aggregates is placed in a small open container with
a fine screen at the bottom.  This container is placed
in distilled water.  After a period of time, the con-
tainer is removed from the water and its contents
are allowed to dry.  The content is then removed
and visually examined for the breakdown from the
original aggregate size.  Those materials that have
the least change from the original aggregates have
the greatest aggregate stability.

Soils that have a high percentage of silt often show
lower aggregate stability if measured air-dry than
the field behavior would suggest, because water
entry destroys the aggregate structure.
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What is Infiltration?

Infiltration is the process of water entering the soil. The
rate of infiltration is the maximum velocity at which water
enters the soil surface.  When the soil is in good condition
or has good soil health, it has stable structure and con-
tinuous pores to the surface. This allows water from
rainfall to enter unimpeded throughout a rainfall event. A
low rate of infiltration is often produced by surface seals
resulting from weakened structure and clogged or discon-
tinuous pores.

Why is infiltration a concern?

Soil can be a excellent temporary storage medium for
water, depending on the type and condition of the soil.
Proper management of the soil can help maximize infiltra-
tion and capture as much water as allowed by a specific
soil type.

If water infiltration is restricted or blocked, water does
not enter the soil, and it either ponds on the surface or
runs off the land.  Thus, less water is stored in the soil
profile for use by plants.  Runoff can carry soil particles
and surface applied fertilizers and pesticides off the field.
These materials can end up in streams and lakes or in
other places where they are not wanted.

Soils that have reduced infiltration have an increase in the
overall amount of runoff water.  This excess water can
contribute to local and regional flooding of streams and
rivers or results in accelerated soil erosion of fields or
streambanks.

In most cases, maintaining a high infiltration rate is
desirable for a healthy environment.  However, soils that
transmit water freely throughout the entire profile or into
tile lines need proper chemical management to ensure the
protection of groundwater and surface water resources.

Soils that have reduced infiltration can become saturated
at the surface during rainfall.  Saturation decreases soil
strength, increases detachment of particles, and enhances
the erosion potential.  In some areas that have a steep
slope, surface material lying above a compacted layer may
move in a mass, sliding down the slope because of satu-
rated soil conditions.

Decreases in infiltration or increases in saturation above a
compacted layer can also cause nutrient deficiencies in
crops.  Either condition can result in anaerobic conditions
which reduce biological activity and fertilizer use efficien-
cies.

What factors influence
infiltration?

A number of factors impact soil infiltration.  Some of
these are:

• Texture: The type of soil (sandy, silty, clayey) can
control the rate of infiltration.  For example, a sandy
surface soil normally has a higher infiltration rate than
a clayey surface soil.  A soil survey is a recorded map of
soil types on the landscape.

• Crust: Soils that have many large surface connected
pores have higher intake rates than soils that have few
such pores.  A crust on the soil surface can seal the
pores and restrict the entry of water into the soil.
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• Compaction: A compacted zone (plowpan) or an
impervious layer close to the surface restricts the entry
of water into the soil and tends to result in ponding on
the surface.

• Aggregation and Structure: Soils that have stable
strong aggregates as granular or blocky soil structure
have a higher infiltration rate than soils that have weak,
massive, or platelike structure.  Soils that have a smaller
structural size have higher infiltration rates than soils
that have a larger structural size.

• Water Content: The content or amount of water in the
soil affects the infiltration rate of the soil.  The infiltra-
tion rate is generally higher when the soil is initially dry
and decreases as the soil becomes wet. Pores and
cracks are open in a dry soil, and many of them are
filled in by water or swelled shut when the soil becomes
wet. As they become wet, the infiltration rate slows to
the rate of permeability of the most restrictive layer.

• Frozen Surface: A frozen soil greatly slows or com-
pletely prevents water entry.

• Organic Matter: An increased amount of plant mate-
rial, dead or alive, generally assists the process of
infiltration.  Organic matter increases the entry of water
by protecting the soil aggregates from breaking down
during the impact of raindrops.  Particles broken from
aggregates can clog pores and seal the surface and
decrease infiltration during a rainfall event.

• Pores: Continuous pores that are connected to the
surface are excellent conduits for the entry of water
into the soil. Discontinuous pores may retard the flow
of water because of the entrapment of air bubbles.
Organisms such as earthworms increase the amount of
pores and also assists the process of aggregation that
enhances water infiltration.

How can infiltration be increased?

A number of management options can help increase
soil infiltration:

• Decrease compaction by reducing tillage and by avoiding the
use of machinery when the soils are wet.  Keep the number
of trips across a field to a minimum and follow the same
wheel tracks for all operations, if posssible.

• Decrease the formation of crusts by maintaining plant cover
or by practicing residue management to reduce the impact of
raindrops.  Use a rotary hoe or row cultivator to shatter crust.

• Increase the amount of organic materials added to the soil to
increase the stability of soil aggregates.

• Decrease or eliminate tillage operations to help maintain
surface connected pores and encourage biological activity.

Visit our Web site:

www.nssc.nrcs.usda.gov
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What is soil organic matter?

Soil organic matter is that fraction of the soil composed
of anything that once lived.  It includes plant and animal
remains in various stages of decomposition, cells and
tissues of soil organisms, and substances from plant
roots and soil microbes.  Well-decomposed organic
matter forms humus, a dark brown, porous, spongy
material that has a pleasant, earthy smell.  In most soils,
the organic matter accounts for less than about 5% of the
volume.

What does organic matter do?

Organic matter is an essential component of soils
because it:

- provides a carbon and energy source for soil microbes;
- stabilizes and holds soil particles together, thus reduc-

ing the hazard of erosion;
- aids the growth of crops by improving the soil’s ability

to store and transmit air and water;
- stores and supplies such nutrients as nitrogen, phos-

phorus, and sulfur, which are needed for the growth of
plants and soil organisms;

- retains nutrients by providing cation-exchange and
anion-exchange capacities;

- maintains soil in an uncompacted condition with lower
bulk density;

- makes soil more friable, less sticky, and easier to work;
- retains carbon from the atmosphere and other sources;
- reduces the negative environmental effects of pesti-

cides, heavy metals, and many other pollutants.

Soil organic matter also improves tilth in the surface
horizons, reduces crusting, increases the rate of water
infiltration, reduces runoff, and facilitates penetration of
plant roots.

Where does it come from?

Plants produce organic compounds by using the energy
of sunlight to combine carbon dioxide from the atmo-
sphere with water from the soil.  Soil organic matter is
created by the cycling of these organic compounds in
plants, animals, and microorganisms into the soil.

What happens to soil organic mat-
ter?

Soil organic matter can be lost through erosion.  This
process selectively detaches and transports particles on
the soil surface that have the highest content of organic
matter.

Soil organic matter is also utilized by soil microorgan-
isms as energy and nutrients to support their own life
processes.  Some of the material is incorporated into the
microbes, but most is released as carbon dioxide and
water.  Some nitrogen is released in gaseous form, but
some is retained, along with most of the phosphorus and
sulfur.

When soils are tilled, organic matter is decomposed
faster because of changes in water, aeration, and tem-
perature conditions.  The amount of organic matter lost
after clearing a wooded area or tilling native grassland
varies according to the kind of soil, but most organic
matter is lost within the first 10 years.

Rates of decomposition are very low at temperatures
below 38 oF (4 oC) but rise steadily with increasing



temperature to at least 102 oF (40 oC) and with water
content until air becomes limiting.  Losses are higher
with aerobic decomposition (with oxygen) than with
anaerobic decomposition (in excessively wet soils).
Available nitrogen also promotes organic matter decom-
position.

What controls the amount?

The amount of soil organic matter is controlled by a
balance between additions of plant and animal materials
and losses by decomposition.  Both additions and losses
are very strongly controlled by management activities.

The amount of water available for plant growth is the
primary factor controlling the production of plant
materials.  Other major controls are air temperature and
soil fertility.  Salinity and chemical toxicities can also
limit the production of plant biomass.  Other controls are
the intensity of sunlight, the content of carbon dioxide in
the atmosphere, and relative humidity.

The proportion of the total plant biomass that reaches
the soil as a source of organic matter depends largely on
the amounts consumed by mammals and insects, de-
stroyed by fire, or produced and harvested for human
use.

Practices decreasing soil organic matter
include those that:

1.  Decrease the production of plant materials by
- replacing perennial vegetation with short-season
vegetation,

- replacing mixed vegetation with monoculture crops,
- introducing more aggressive but less productive
species,

- using cultivars with high harvest indices,
- increasing the use of bare fallow.

2.  Decrease the supply of organic materials by
- burning forest, range, or crop residue,
- grazing,
- removing plant products.

3.  Increase decomposition by
- tillage,
- drainage,
- fertilization (especially with nitrogen).

Practices increasing soil organic matter
include those that:

1.  Increase the production of plant materials by
- irrigation,
- fertilization to increase plant biomass production,
- use of cover crops
- improved vegetative stands,
- introduction of plants that produce more biomass,
- reforestation,
- restoration of grasslands.

2.  Increase supply of organic materials by
- protecting from fire,
- using forage by grazing rather than by harvesting,
- controlling insects and rodents,
- applying animal manure or other carbon-rich wastes,
- applying plant materials from other areas.

3.  Decrease decomposition by
- reducing or eliminating tillage,
- keeping the soil saturated with water (although this
may cause other problems),

- keeping the soil cool with vegetative cover.

(Prepared by the National Soil Survey Center in cooperation with the Soil Quality Institute, NRCS, USDA, and the National Soil
Tilth Laboratory, Agricultural Research Service, USDA).  Animal waste photo courtesy University of Nebraska-Lincoln, Institute of

Agriculture and Natural Resources
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What is pH?

Soil pH is a measure of the acidity or alkalinity in the soil.
It is also called soil reaction.

The most common classes of soil pH are:

Extremely acid 3.5 – 4.4
Very strongly acid 4.5 – 5.0
Strongly acid 5.1 – 5.5
Moderately acid 5.6 – 6.0
Slightly acid 6.1 – 6.5
Neutral 6.6 – 7.3
Slightly alkaline 7.4 – 7.8
Moderately alkaline 7.9 – 8.4
Strongly alkaline 8.5 – 9.0

What is the significance of pH?

Availability of Nutrients

Soil pH influences the solubility of nutrients.  It also
affects the activity of micro-organisms responsible for
breaking down organic matter and most chemical trans-
formations in the soil. Soil pH thus affects the availability
of several plant nutrients.

A pH range of 6 to 7 is generally most favorable for plant
growth because most plant nutrients are readily available

in this range.  However, some plants have soil pH require-
ments above or below this range.

Soils that have a pH below 5.5 generally have a low
availability of calcium, magnesium, and phosphorus.  At
these low pH’s, the solubility of aluminum, iron, and boron
is high; and low for molybdenum.

At pH 7.8 or more, calcium and magnesium are abundant.
Molybdenum is also available if it is present in the soil
minerals. High pH soils may have an inadequate availabil-
ity of iron, manganese, copper, zinc, and especially of
phosphorus and boron.

Micro-organisms

Soil pH affects many micro-organisms.  The type and
population densities change with pH. A pH of 6.6 to 7.3 is
favorable for microbial activities that contribute to the
availability of nitrogen, sulfur, and phosphorus in soils.

Pesticide Interaction

Most pesticides are labeled for specific soil conditions.  If
soils have a pH outside the allowed range, the pesticides
may become ineffective, changed to an undesirable form,
or may not degrade as expected, which results in prob-
lems for the next crop period.

Mobility of heavy metals

Many heavy metals become more water soluble under
acid conditions and can move downward with water
through the soil, and in some cases move to aquifers,
surface streams, or lakes.

Corrosivity

Soil pH is one of several properties used as a general
indicator of soil corrosivity.  Generally, soils that are
either highly alkaline or highly acid are likely to be
corrosive to steel.  Soils that have pH of 5.5 or lower are
likely to be highly corrosive to concrete.

What controls soil pH?

The acidity or alkalinity in soils have several different
sources. In natural systems, the pH is affected by the
mineralogy, climate, and weathering.  Management of soils
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often alters the natural pH because of acid-forming
nitrogen fertilizers, or removal of bases (potassium,
calcium, and magnesium).  Soils that have sulfur-forming
minerals can produce very acid soil conditions when they
are exposed to air.  These conditions often occur in tidal
flats or near recent mining activity where the soil is
drained.

The pH of a soil should always be tested before making
management decisions that depend on the soil pH.

How is pH measured?

A variety of kits and devices are available to determine the
pH in the field.  The methods include:

• dyes
• paper strips
• glass electrodes.

Soil pH can change during the year.  It depends on tem-
perature and moisture conditions, and can vary to as
much as a whole pH unit during the growing season.
Since pH is a measure of the hydrogen ion activity [H+],
many different chemical reactions can affect it.  Tempera-
ture changes the chemical activity, so most measurements
of pH include a temperature correction to a standard
temperature of 25 degrees C (77oF).  The soil pH generally
is recorded as a range in values for the soil depth selected.

How is soil pH modified?

A soil pH below about 5.6 is considered low for most
crops. Generally, the ideal pH range is between 6.0 and
7.0. Liming is a common method to increase the pH. It
involves adding finely ground limestone to the soil. The
reaction rate for limestone increases when soil tempera-
tures are warm and soil moisture is high.  If the limestone
is more finely ground, the reaction is faster.

The amount of limestone to apply depends on the amount
of organic matter and clay as well as the pH. Fertility
testing laboratories that have local experience make this
determination.

A soil pH that is more than about 8.0 is considered high
for most crops.  Soils that have a pH in this range are
often also calcareous.

Calcareous soils have a high content of calcium carbon-
ate.  The pH of these soils does not change until most of
the calcium carbonate is removed.  Acids that are added
to the soil dissolve the carbonates and lower the soil pH.
Treatments with acid generally are uneconomical for soils
that have a content of calcium carbonate of more than
about 5%.  Because phosphorus, iron, copper, and zinc are
less available to plants in calcareous soils, nutrient
deficiencies are often apparent.  Applications of these
nutrients are commonly more efficient than trying to
lower the pH.

When the soil pH is above 8.6, sodium often is present.
These soils generally do not have gypsum or calcium
carbonates, at least not in the affected soil horizons.
Addition of gypsum followed by leaching using irrigation
is a common reclamation practice.  However, salts flushed
into drainage water may contaminate downstream waters
and soils.

The application of anhydrous ammonia as a nitrogen
fertilizer contributes to lowering the soil pH.  In some
parts of the country, applications of ammonia lower the
surface soil pH from ranges of 6.6 to 7.3 to below 5.6.  This
reduction can be easily overlooked in areas of no-till
cropping unless the pH is measured in the upper 2 inches.

Chemical amendments that contain sulfur generally form
an acid, which lowers the soil pH.

(Prepared by the National Soil Survey Center in cooperation with the
Soil Quality Institute, NRCS, USDA, and the National Soil Tilth Laboratory,
Agricultural Research Service, USDA).
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What are soil crusts?

Soil crusts are relatively thin, somewhat continuous
layers of the soil surface that often restrict water move-
ment, air entry, and seedling emergence from the soil.
They generally are less than 2 inches thick and are
massive.

Crusts are created by the breakdown of structural units
by flowing water, or raindrops, or through freeze-thaw
action.  Soil crusts are generally only a temporary
condition.  Typically, the soil immediately below the
surface layer is loose.

Why are soil crusts a concern?

Crusts reduce infiltration and increase runoff.
Rainfall and sprinkler irrigation water impart a large
amount of impact energy onto the soil surface.  If the
soil is not protected by a cover of growing plants, crop
residue or other material, and if soil aggregates are
weak, the energy can cause a soil crust to form.

If a crust forms, individual soil particles fill the pore
space near the surface and prevent the water from
entering (infiltrating) the soil.  If the infiltration is
limited, water accumulates and flows down slope,

causing movement of soil particles.  Thus water erosion
is initiated.

Crusts restrict seedling emergence.  The physical
emergence of seedlings through a soil crust depends on
the:

 - thickness of the crust,
 - strength of the crust,
 - size of the broken crust pieces,
 - water content, and
 - type of plant species.  Non-grass plant species, such as

soybeans or alfalfa, exert less pressure under identi-
cal conditions than grasses such as corn.

Crusts reduce oxygen diffusion to seedlings.  Seed
germination depends on the diffusion of oxygen from
the air through the soil.  If soil crusts are wet, oxygen
diffusion is reduced as much as 50 percent.

Crusts reduce surface water evaporation.  The
reflectance of a crusted surface is higher than that for an
uncrusted surface.  Higher reflectance results in less
absorption of energy from the sun.  This results in a
cooler soil surface and decreases the rate of evaporation.

Crusts decrease water loss because less of their surface
area is exposed to the air than a tilled soil.  When crusts
become dry, they become barriers to evaporation by
retarding capillary movement of water to the soil sur-
face.

Crusts affect wind erosion.  Crusts increase wind
erosion in those soils that have an appreciable amount of
sand.  Rainfall produces clean sand grains that are not
attached to the soil surface.  These clean sand grains are
subject to movement by air along the smooth surface of
the crust.  The sand breaks down the crust as it moves
across the soil surface.  Cultivation to break the crust
and increase the surface roughness reduces wind erosion
on sandy soils.

For soils that have a small amount of sand, crusts protect
the soil surface and generally decrease the hazard of
wind erosion.



How do crusts form?

Soil crusts and associated cracks form by raindrop
impact or freeze-thaw processes.

Raindrop impact breaks soil aggregates, moves clay
downward a short distance leaving a concentration
of sand and silt particles on the soil surface.

Raindrop-impact crusts break down to a granular
condition in many soils that have a high shrink-
swell potential and experience frequent wetting and
drying cycles.

Freeze-thaw crusts are formed by the puddling
effect as ice forms, melts, and reforms.  The tem-
perature and water regimes and parent material
control freeze-thaw crust formation.  These crusts
are generally 3/8- to 5/8-inch thick, compared to 1/
4-inch commonly for raindrop-impact crusts.

The size and behavior on wetting of cracks associ-
ated with raindrop-impact and freeze-thaw crust
differ.  Both extend to the base of the crust.  The
cracks in raindrop-impact crust are 1/4 inch wide.
They close on wetting and hence are ineffective in
increasing infiltration.  The cracks in freeze-thaw
crust are 1/4- to 3/4-inch wide.  They do not close
on wetting and hence increase infiltration.

How are soil crusts measured?

Soil crusts are characterized by their thickness and
strength (air dry rupture resistance).  Crust air dry
rupture resistance can be measured by taking a dry
piece about 1/2 inch on edge and applying a force
on the edge until the crust breaks.  In general, more
force is required for crusts that are thick and have a
high clay content.  Other means of measurement,
such as a penetrometer, may be used.

How can the problem be corrected?

- Maintain plant cover or crop residues on the soil
surface to reduce the impact of raindrops.

- Adopt management practices that increase aggregate
stability.

- Use practices that increase soil organic matter content
or reduce concentrations of sodium ions.

- Use a rotary hoe or row cultivator to shatter crusts and
thus increase seedling emergence and weed control.

- Employ sprinkler water to reduce restriction of seed-
ling emergence.

(Prepared by the National Soil Survey Center in cooperation with the Soil Quality Institute, NRCS, USDA, and the National Soil
Tilth Laboratory, Agricultural Research Service, USDA).  Soil crust photo courtesy of University of Nebraska-Lincoln, Institute of

Agriculture and Natural Resources.
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What is available water
capacity?

Available water capacity is the amount of water that a soil
can store that is available for use by plants.

It is the water held between field capacity and the wilting
point adjusted downward for rock fragments and for salts
in solution. Field capacity is the water retained in a freely
drained soil about 2 days after thorough wetting.  The
wilting point is the water content at which sunflower
seedlings wilt irreversibly.

Why be concerned?

In areas where drizzle falls daily and supplies the soils
with as much or more water than is removed by plants,
available water capacity is of little importance.  In areas
where plants remove more water than the amount sup-
plied by precipitation, the amount of available water that
the soil can supply may be critical.  This water is neces-
sary to sustain the plants between rainfall events or
periods of irrigation.  The soil effectively buffers the plant
root environment against periods of water deficit.

How is available water
expressed?

Available water is expressed as a volume fraction (0.20),
as a percentage (20%), or as an amount (in inches).  An
example of a volume fraction is water in inches per inch
of soil.  If a soil has an available water fraction of 0.20, a
10 inch zone then contains 2 inches of available water.

Available water capacity is often stated for a common
depth of rooting (where 80 percent of the roots occur).
This depth is at 60 inches or more in areas of the western
United States that are irrigated and at 40 inches in the
higher rainfall areas of the eastern United States.  Some
publications use classes of available water capacity.
These classes are specific to the area in which they are
used.  Classes use such terms as very high, high, medium,
and low.

Soil properties affect available
water

Rock fragments reduce the available water capacity in
direct proportion to their volume unless the rocks are
porous.

Organic matter increases the available water capacity.
Each 1 percent of organic matter adds about 1.5 percent
to available water capacity.

Bulk density plays a role through its control of the pore
space that retains available water.  High bulk densities for
for agiven soil tend to lower the available water capacity.

Osmotic pressure exerted by the soil solution is 0.3 - 0.4
times the electrical conductivity in mmhos/cm.  A signifi-
cant reduction in available water capacity requires an
electrical conductivity of more than 8 mmhos/cm.

Texture has a significant effect.  Some guidelines follow,
assuming intermediate bulk density and no rock frag-
ments.

 Fraction

Textures Available Water

Sands, and loamy sands and   Less than 0.10
sandy loams in which the sand is
not dominated by very fine sand

Loamy sands and sandy loams 0.10 - 0.15
in which very fine sand is the
dominant sand fraction, and
loams, clay loam, sandy clay loam,
and sandy clay

Silty clay, and clay    0.10 - 0.20

Silt, silt loam, and silty clay loam  0.15 - 0.25

The rooting depth affects the total available water
capacity in the soil.  A soil that has a root barrier at 20
inches and an available water fraction of 0.20 has 4 inches
of available water capacity.  Another soil, that has a lower
available water fraction of 0.10, would, if the roots



(Prepared by the National Soil Survey Center in cooperation with the
Soil Quality Institute, NRCS, USDA, and the National Soil Tilth Laboratory,
Agricultural Research Service, USDA).
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extended to a depth of 60 inches, have 6 inches of
 available water capacity.  For shallow rooting crops, like
onions, the available water below 1-2 feet has little
significance. For deeper rooting crops, like corn, the
available water at the greater depth is very important.

Figure 1: Pore size varies greatly between sponges.

Soil quality and available water

First, consider the difference between precipitation and
evapotranspiration during the growing season.  Second,
decide what plants are involved.  As indicated, some
plants root less deeply than others.

Compare two soils that have different internal properties
and climates selecting a crop that will extract water to a
depth of 60 inches, unless there is a shallower root barrier.

                                                            Soil Locations

Quantity  OK ME

Rooting depth (in.)  30 60
Available water fraction x 0.10 0.15
Available water amount (in.) = 3.0 9.0
Evapotranspiration deficit (in./day) ÷ 0.17 0.04
Time available water satisfies deficit
   (days) = 18 222

* Evapotranspiration deficit is the monthly precipitation
subtracted from monthly evapotranspiration. Calculate the
average daily deficit for the month with the largest deficit.

Soil quality with respect to available water is better for the
soil from Maine (ME), because of both the internal
properties and the lower evapotranspiration deficit.

Figure 2: Available water capacity is greater with small

pore size.

Improving the available water

Apply organic matter to the surface or mix into the upper
few inches to increase the available water fraction near
the surface. Available water near the surface is especially
important at the seedling stage while roots are very
shallow.

Maintain salts below the root zone. Keep infiltration high,
reduce evaporation with a residue cover, minimize tillage,
avoid mixing the lower soil layers with the surface, and
plant seeds and seedlings on the furrow edges.

Minimize compaction by reducing the weight of vehicles
and the amount of traffic, especially when the soil is moist
or wet. Break up compacted layers when needed by
ripping, and effectively expand the depth of the soil and
increase the available water capacity.

Visit our Web site:
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What is erosion?

Wind or water erosion is the physical wearing of the
earth’s surface.  Surface soil material is removed in
the process.

Why should we be concerned?

Erosion removes topsoil, reduces levels of soil organic
matter, and contributes to the breakdown of soil struc-
ture.  This creates a less favorable environment for plant
growth.

In soils that have restrictions to root growth, erosion
decreases rooting depth, which decreases the amount of
water, air, and nutrients available to plants.

Erosion removes surface soil, which often has the
highest biological activity and greatest amount of soil
organic matter.  This causes a loss in nutrients and often
creates a less favorable environment for plant growth.

Nutrients removed by erosion are no longer available to
support plant growth onsite, but can accumulate in water
where such problems as algal blooms and lake eutrophi-
cation may occur.

Deposition of eroded materials can obstruct roadways
and fill drainage channels.  Sediment can damage fish
habitat and degrade water quality in streams, rivers, and
lakes.

Blowing dust can affect human health and create public
safety hazards.

What are some signs of erosion?

Wind erosion:

- dust clouds,
- soil accumulation along fencelines or snowbanks,
- a drifted appearance of the soil surface.

Water erosion:

- small rills and channels on the soil surface,
- soil deposited at the base of slopes,
- sediment in streams, lakes, and reservoirs,
- pedestals of soil supporting pebbles and plant material.

Water erosion is most obvious on steep, convex land-
scape positions.  However, erosion is not always readily
visible on cropland because farming operations may
cover up its signs.  Loss of only 1/32 of an inch can
represent a 5 ton per acre soil loss.

Long-term soil erosion results in:

- persistent and large gullies,
- exposure of lighter colored subsoil at the surface,
- poorer plant growth.

How can soil erosion be measured?

Visual, physical, chemical, and biological indicators can
be used to estimate soil surface stability or loss.



Visual indicators

- comparisons of aerial photographs taken over time,
- presence of moss and algae (crypotogams) crusts in

desert or arid soils,
- changes in soil horizon thickness,
- deposition of soil at field boundaries.

Physical indicators

- measurements of aggregate stability,
- increasing depth of channels and gullies.

Chemical indicators

- decreases in soil organic matter content,
- increases in calcium carbonate content at the surface,

provided greater content exists in subsurface layers,
- changes in cation-exchange capacity (CEC).

Biological indicators

- decreased microbial biomass,
- lower rate of respiration,
- slower decomposition of plant residues.

What causes the problem?
Water erosion

- lack of protection against raindrop impact,
- decreased aggregate stability,
- long and steep slopes,
- intense rainfall or irrigation events when plant or

residue cover is at a minimum,
- decreased infiltration by compaction or other means.

Mechanical erosion

- removal by harvest of root crops,
- tillage and cultivation practices that move soil

downslope.

Wind erosion

- exposed surface soil during critical periods of the year,
- occurrence of wind velocities that are sufficient to lift

individual soil particles,
- long, unsheltered, smooth soil surfaces.

(Prepared by the National Soil Survey Center in cooperation with the Soil Quality Institute, NRCS, USDA, and the National Soil
Tilth Laboratory, Agricultural Research Service, USDA)
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How can soil erosion be avoided?

Soil erosion can be avoided by:

- maintaining a protective cover on the soil,
- creating a barrier to the erosive agent,
- modifying the landscape to control runoff amounts and

rates.

Specific practices to avoid water erosion:

- growing forage crops in rotation or as permanent cover,
- growing winter cover crops
- interseeding,
- protecting the surface with crop residue,
- shortening the length and steepness of slopes,
- increasing water infiltration rates,
- improving aggregate stability.

Specific practices to avoid wind erosion:

- maintaining a cover of plants or residue,
- planting shelterbelts,
- stripcropping,
- increase surface roughness,
- cultivating on the contour,
- maintaining soil aggregates at a size less likely to be

carried by wind.
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Agricultural Management Effects on  
Earthworm Populations  

Introduction: Earthworm habits and their effects on soil  

Many people consider earthworms to be an indicator of soil quality because they 
respond to and contribute to healthy soil. For earthworms to be abundant, a field 
must meet several conditions that are also associated with soil quality and 
agricultural sustainability: moderate pH, surface residue for food and protection, 
and soil that is not waterlogged, compacted, droughty, or excessively sandy. Not 
all healthy soils will have earthworms. Worms are not common in sandy soils, in 
drier regions of the southern and western United States, and in local areas where 
earthworms have not yet migrated or been introduced by human activities.  

Earthworm species vary in how they get food, and thus inhabit different parts of 
the soil, and have somewhat different effects on the soil environment. They fall 
into three distinct ecological groups based on feeding and burrowing habits. 
Epigeic (litter dwelling) earthworms live and feed in surface litter. They move 
horizontally through leaf litter or compost with little ingestion of or burrowing 
into the soil. These worms are characteristically small and are not found in low 
organic matter soils. Lumbricus rubellus is an example of epigeic species. 
Endogeic (shallow dwelling) earthworms are active in mineral topsoil layers and 
associated organic matter. They create a three-dimensional maze of burrows while 
consuming large quantities of soil. The genuses Diplocardia and Aporrectodea 
have endogeic life habits. Anecic (deep burrowing) earthworms live in permanent, 
nearly vertical burrows that may extend several feet into the soil. They feed on 
surface residues and pull them into their burrows. Lumbricus terrestris is an 
example of an anecic species (Coleman and Crossley, 1996). Once established, 
earthworms contribute to soil function. They: 

• Shred residues, stimulating microbial decomposition and nutrient release; 
• Produce casts rich in N, P, K, and other nutrients;  
• Improve soil stability, air porosity and moisture holding capacity by 

burrowing and aggregating soil; 
• Turn soil over and may reduce the incidence of disease by bringing deeper 

soil to the surface and burying organic matter; 
• Improve water infiltration by forming channels and promoting soil 

aggregation; and 
• Improve root growth by creating channels lined with nutrients for plant 

roots to follow. 
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Both endogeic and anecic species are 
important in contributing to these functions 
in agricultural systems. The shallow 
dwellers improve topsoil porosity and the 
deep burrowing earthworms improve 
infiltration and drainage. 

Earthworms may have undesirable impacts 
if they remove too much surface residue 
and leave the soil surface unprotected, or if 
their burrows open into surface irrigation 
furrows. There is also some concern that 
earthworms may enhance the �preferential 
flow� of herbicides and other pollutants 
down burrows and into groundwater, 
causing water to pass too rapidly through 
the soil matrix. When their total effect is 
considered, however, earthworms are 
unlikely to have a significant negative 
impact on water quality. Where they are 
active, earthworms may bury herbicide-

tainted residue before it has a chance to 
leach down through burrows. Earthworms 
may act as plugs in their own burrows, and, 
in the case of the herbicide atrazine, 
earthworm-feeding activity may actually 
change the chemical to reduce its mobility 
(Farenhorst et al., 2000). In addition, 
earthworm activity improves soil structure 
and therefore reduces runoff of chemicals 
into surface water. Another concern is that 
fresh earthworm casts on the surface are 
unstable and may lead to higher soil 
erosion and nutrients in runoff. Earthworm 
casts stabilize as they age so that the risk of 
erosion is greatly reduced. In summary, 
earthworms affect soil function in multiple 
ways. In specific situations they may have 
undesirable effects, but predominately they 
contribute to improved soil quality and are 
a sign of a healthy, properly functioning 
soil.  

What determines earthworm abundance?  

The number of earthworms in an 
agricultural field is influenced by the 
intensity and number of soil disturbance 
events like tillage and traffic, the 
abundance and quality of food sources, the 
chemical environment of the soil, and the 
soil microclimate. Important factors of the 
soil environment include:  

• Organic matter (food sources) � 
Higher inputs of fresh organic matter 
are associated with greater earthworm 
populations. 

• Soil type � Populations are highest in 
medium textured soil. 

• Depth to a restrictive layer � 
Earthworms prefer deeper soil.  

• Soil pH � In general, earthworms will 
not thrive in a soil with a pH below 5 
(Edwards and Lofty, 1977). 

• Moisture holding capacity and internal 
drainage � Earthworms need moist but 
well-aerated soil.    

• Rainfall and temperature � Climate 
affects the soil environment and food 
sources (plant biomass) for 
earthworms.  

• Predation and parasitism.  

• Earthworm introduction � Even where 
environmental factors are favorable, 
earthworms may not have migrated and 
established populations. 

When all other factors are equal, the 
availability of plant litter and organic 
matter is usually the most important in 
determining earthworm abundance, but any 
of the other factors may override the 
influence of organic matter.  
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Many management practices affect 
earthworm populations because they 
change one or more of the environmental 
factors listed above. This technical note 
will examine the effects of six components 

of management: (1) tillage, (2) crop 
rotations and cover crops, (3) fertilizers, (4) 
pesticides, (5) irrigation and drainage, and 
(6) worm seeding (inoculation). 

Tillage  

As the number and intensity of tillage 
operations increase, so does the physical 
destruction of burrows, cocoons, and the 
earthworm bodies themselves. Less 
intensive tillage systems that leave residues 
on the surface throughout the year improve 
the environment for earthworms. The 
residues provide food, insulate earthworms 
from weather conditions, provide cover to 
protect them from birds and other surface 
predators, and protect their burrows. 
Decreased tillage disturbances particularly 
benefit night crawlers (L. terrestris), which 
move in the same burrow between deeper 
soil layers and the soil surface in search of 
food. When tillage destroys the burrow, 
some earthworms will not have the energy 
reserve to form a new burrow to their food 
source. Endogeic (shallow dwelling) 
earthworms will tolerate annual tillage 
because they continually form new burrows 
and acquire a greater proportion of their 
food from the soil rather than surface litter. 
No-till and other methods of conservation 
tillage such as chisel plowing and ridge 
tillage can increase populations of both 
types of earthworms (Edwards and Bohlen, 
1996) (Table 1). 

Although a single tillage event will not 
drastically reduce earthworm populations, 
repeated tillage over time will cause a 
decline in earthworm populations.  

Research has found the following: 

• Earthworms were reduced by 70% 
compared to previously undisturbed 
sod after five years of plowing 
(Edwards and Bohlen, 1996). 

• After 25 years of conventional tillage 
crop production earthworm populations 
were only 11-16% of what existed in 
the original grass field (Edwards and 
Bohlen, 1996). 

• Edwards et al. (1995) reported up to 30 
times more earthworms in no-till 
systems compared to plowed fields. 

• In Nigeria, researchers found 2400 
earthworm casts/m2 in no-till plots 
compared to 100 casts/m2 under 
conventional tillage (Edwards and 
Lofty, 1977). 

• In a Georgia experiment, no-till fields 
had an average of 967 earthworms/m2 
compared to 149 /m2 in conventionally 
tilled fields (Coleman and Crossley, 
1996). 

Table 1. Earthworm Populations 
(No./yd2) as influenced by amount of 
surface residues at Langdon Research 
and Extension Center, ND (Deibert and 
Utter, 1994). 

 40 - 45% 
Residue 

80 � 90% 
Residue 

Earthworms 71 106 
Cocoons 204 514 
Total 275 620 
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Crop Rotations and Cover Crops  

Tillage affects decomposition and 
availability of surface residue, while choice 
of crop determines the quantity and quality 
of the residue as a food source for 
earthworms. Earthworm populations will 
decrease to very low numbers under an 
exhaustive cropping system of plowing, 
crop residue removal, and no additions of 
manure or other organic inputs. 

There is a strong correlation between 
earthworm numbers and the amount and 
quality of residue returned to the soil. 
(Table 3.) Generally, cereal crops such as 
wheat (especially if straw is returned to the 
soil) encourage earthworms more than 
crops which leave less residue such as 
soybean. Studies in the 1940�s showed the 
following ranking in order of earthworm 
population (all are conventionally tilled 
cropping systems): pasture = small grains 
followed with legume hay grown in the 
summer > small grains with summer fallow 
> drilled soybeans for grain > soybeans for 
hay > corn (Hopp and Hopkins, 1946). At 
the Rothamsted Experimental Station in 
England where crops have been studied 
since 1843, the largest earthworm 
populations occur under continuous 
cereals, were lower under root crops such 
as turnip, and were the lowest under fallow 
(Edwards and Bohlen, 1996). 

Despite its high residue production, 
continuous corn supports fewer 
earthworms than when in rotation with 
soybeans, whether under no-till or 
conventional tillage. Earthworms seem to 
prefer legumes (Table 2). Although 
probably less important, other factors that 
may discourage earthworms in corn could 
be soil application of insecticides to control 

rootworms and anhydrous ammonia 
fertilizer (Kladivko, 1993).  

Crop rotations with pasture or hay greatly 
increase earthworm numbers. There is a 
strong correlation between earthworm 
numbers and years in grass and legumes. 
For example, a crop every third year in 
grass rotations will have greater earthworm 
numbers than a crop every two years or 
annual cropping. Dick Thompson (Boone, 
Iowa) followed a 6-year rotation of corn, 
soybeans, oats, and 3 years of pasture 
(alfalfa, red clover, grasses, and other 
forages). He reduced tillage and used 
livestock manure. Researchers from the 
Agricultural Research Service National 
Soil Tilth Laboratory (Ames, Iowa) found 
more earthworms in Thompson�s fields 
compared to an adjacent neighbor�s 
conventionally tilled field in corn-soybean 
rotation (Ernst, 1995). The larger 
earthworm populations were attributed to 
more food from grass-legume hay crops, 
manure, and reduced tillage. 

Alfalfa and clover in rotations benefit 
earthworm numbers because of the absence 
of tillage and the high protein content in 
their residues. Rotations with alfalfa and 
grass contain more earthworms than 
lespedeza and grass, and orchard grass 
contains more earthworm numbers than 
timothy grass alone (Hopp and Hopkins, 
1946).  

Using cover crops helps to increase 
earthworm populations by increasing their 
food supply (organic residue) and by 
giving them a longer season to eat and 
reproduce. Cover crops insulate worms 
from cold weather in the fall and from 
warm weather in southern climates. The 



 

5 

 

extra food and ground cover provided by 
cover crops are especially important where 
earthworms are removing a high 
percentage of crop residue. University of 

Wisconsin has reported residue cover being 
reduced from 30% to 15% by earthworms 
at planting time in no-till fields (Ernst, 
1995).  

Table 2. Earthworm populations (No./yd2) under different no-till rotations at Brecker 
Farm, Havana, ND (Deibert and Utter, 1994).  

 Wheat-Corn Corn-Soybeans Wheat-Soybeans 
Earthworms 257 346 443 
Cocoons 27 71 35 
Total 284 417 478 

Table 3. Earthworm populations affected by crop and tillage (Kladivko, 1993).  

Crop Management Earthworms/m2 

Continuous corn Plow 10 
Continuous corn No-till 20 
Continuous soybean Plow 60 
Continuous soybean No-till 140 
Bluegrass-Clover Alleyway 400 
Dairy pasture Manure 340 
Dairy pasture Heavy manure 1300 

 

Fertilizers 

Nearly all organic fertilizers benefit 
earthworms. The addition of animal 
manure, sewage wastes, and spent malt 
from breweries, paper pulp, or potato 
processing waste all showed a positive 
effect on earthworm numbers (Edwards et 
al., 1995). Additions of organic material 
can double or triple earthworm numbers in 
a single year. The ammonia and salt 
content of some liquid manure can have an 
adverse effect on earthworms, but 
populations usually recover quickly and 
henceforth increase (Edwards and Bohlen, 
1996). 

Normally, the use of inorganic fertilizers 
also has a positive impact on earthworm 
numbers. This is probably an indirect effect 
of the increased crop biomass production 
and consequent increases in organic 
residues (Edwards and Bohlen, 1996; 

Edwards et al., 1995). Hendrix et al. (1992) 
reported that earthworm numbers in 
meadows receiving inorganic fertilizer 
averaged nearly twice the earthworms in 
unfertilized meadows on the Georgia 
piedmont.  

Ammonia and ammonia-based fertilizers 
can adversely affect earthworms. Annual 
use of ammonium sulfate, anhydrous 
ammonia, and sulfur-coated urea has been 
shown to decrease earthworm populations 
(Edwards et al., 1995). Research at Park 
Grass (Rothamsted) since 1856 showed 
that after extremely long exposure to 
several levels of ammonium sulfate (0, 48, 
97, and 145 kg/ha), the populations of 
earthworms were inversely proportional to 
the dose of nitrogen applied (Edwards and 
Lofty, 1977). This is probably due to the 
effect these fertilizers have on lowering 
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soil pH. Direct exposure to anhydrous 
ammonia during application will kill up to 
10% of the population. However, farmers 
report increased numbers in the long run 
due to higher yields and more food for 
earthworms to feed upon (Ernst, 1995). 
Still, some farmers have switched from 
anhydrous ammonia to 28% nitrogen to 
avoid killing earthworms during nitrogen 
application. Others have converted to using 
manures in order to protect and increase 
earthworms (Ernst, 1995).  

Lime seems to benefit earthworm 
populations in otherwise acid soils because 
most species of earthworms favor neutral 
pH levels and require calcium for growth. 
Lime may indirectly benefit earthworms by 
increasing plant growth and therefore plant 
residues. A study in New Zealand showed 
a 50% increase in surface feeding 
earthworm species by adding one ton of 
lime per acre (Edwards et al., 1995).  

Pesticides 

In general, most herbicides are harmless to 
earthworms. The triazine class of 
herbicides has a moderate impact on 
earthworm numbers. Herbicides used prior 
to World War II, including lead arsenate 
and copper sulfate, are moderately toxic to 
earthworms. The main threat of toxicity to 
earthworms is from long-term buildup of 
these compounds in the soil (Edwards and 
Bohlen, 1996). 

The majority of the carbamate class of 
insecticides are toxic to earthworms. The 
toxic effects of carbofuran (Furadan) have 
been studied extensively. Other insecticides 
in the carbamate class that have proved 
highly toxic to earthworms are aldicarb 
(Temik), aminocarb, bufencarb, carbaryl 
(Sevin), methiocarb (Measural), methomyl 
(Lannate), oxamyl (Vydate), promecarb,  

propoxur (Baygon), and thiofanox. 
Generally, insecticides in the 
organophosphate class are less toxic to 
earthworms. However, organophosphate 
insecticides that are extremely or highly 
toxic are phorate (Thimet), chloropyrifos 
(Dursban, Equity, Tenure, etc.), 
ethoprophos (Mocap), ethyl-parathion, and 
isazophos. Aromatic organochlorine 
insecticides (used predominantly in the 
1950�s-1970�s) are generally not very 
toxic. Exceptions are chlordane, endrin, 
heptachlor, and izobenzan. Carbamate 
fungicides (carbendazim and benomyl) 
have shown toxic effects to earthworms. 
Other broad-spectrum fumigants 
(fungicides and nematicides) are very toxic 
to earthworms. (Ernst, 1995; Edwards and 
Bohlen, 1996.) 

Irrigation and Drainage 

Irrigated soil can support high levels of 
earthworm activity where moisture levels 
would otherwise be too dry. Irrigation also 
increases crop production, resulting in 
more food and increased earthworm 
populations. Irrigation waters that carry 

earthworms and their cocoons may act as a 
source of inoculum for certain species 
(Edwards et al., 1995). Draining poorly 
drained soils will potentially provide a 
more favorable environment for earthworm 
activity by aerating the soil. 
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Seeding Worms 

Shallow dwelling earthworms are generally 
present in agricultural fields, so their 
populations dramatically increase within 
one to two years of switching to earthworm 
friendly practices. However, the deep 
dwelling night crawlers take longer to 
increase. Even when favorable conditions 
have been established, night crawlers must 
move into unoccupied areas by slow 
overland migration. Night crawlers are also 
slow to breed. If left to their own devices, it 
may take seven to eight years, or longer, 
for populations to grow (Ernst, 1995).  

Seeding earthworms or their eggs may be 
an option to increase populations in 
favorable environments. Although some 
soils, such as extremely coarse sands or 
heavy clays with a high water table, will 
not support night crawlers due to inherently 
adverse soil properties. If a farmer wants to 
try seeding night crawlers, it is 
recommended to begin with a low cost, 
small-scale trial to be sure they survive at a 

particular site (Kladivko, 1993). Farmers in 
Indiana and Illinois have seeded 10,000 � 
100,000 night crawlers to their farms at a 
cost of four to five cents per worm from 
local bait shops and Canadian sources 
(Ernst, 1995). If seeding is an option, drop 
4-5 under mulch every 30-40 feet, 
preferably on a cloudy wet cool day. In one 
case, a farmer used an earth auger attached 
to a cordless drill and put a handful of 
worms per hole every 30 feet (Ernst, 1995). 
Even with seeding, however, populations 
will still take five years or more to grow 
significantly, if they survive at all 
(Kladivko, personal communication.) 

The Netherlands has reported the addition 
of earthworms on once flooded soils that 
have been drained (polder soils). Natural 
earthworm densities have increased over 26 
years following reclamation. However, 
much higher population densities have 
been found where earthworms were seeded 
(Edwards and Bohlen, 1996). 

Summary 

Earthworms benefit soil quality by 
shredding residues stimulating microbial 
decomposition, improving soil fertility, and 
improving soil physical properties such as 
soil aggregation and infiltration.  Food 
availability is the major factor limiting 
earthworm numbers. Producing food 
through crop residues and cover crops and 
leaving them on the soil surface through 
the use of conservation tillage practices 
provides food to increase earthworm 

numbers. Generally, fertilizers increase 
earthworm numbers by increasing crop 
residues, especially when pH is maintained 
near neutral.  Herbicides are generally 
harmless to earthworms. However, some 
insecticides, nematicides, fungicides are 
very toxic to earthworms. In some 
situations, earthworm inoculation may be 
desirable to introduce certain species to an 
area once earthworm friendly practices are 
in place. 
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