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This coversheet transmits the following Soil Quality Information Sheets: 
• Soil Quality - Introduction 
• Indicators for Soil Quality Evaluation 
• Soil Quality Indicators: Organic Matter 
• Soil Quality Indicators: pH 
• Soil Quality Indicators: Aggregate Stability 
• Soil Quality Indicators: Infiltration 
• Soil Quality Resource Concerns: Soil Erosion 
• Soil Quality Resource Concerns: Compaction 
• Soil Quality Resource Concerns: Available Water Capacity 
• Soil Quality Resource Concerns: Soil Biodiversity 
• Soil Quality Resource Concerns: Sediment Deposition on Cropland 
• Soil Quality Concerns: Pesticides 
• Soil Quality Resource Concerns: Salinization  

 
The information sheets include good discussions on various aspects of soil quality.  They are 
written so that cooperators could make use of the information.  Although written with a mainland 
bias, the concepts are solid.  Additional copies are available at the State Office. 
 
Note that on the Compaction Information Sheet, the critical bulk densities stated are all too high 
for our andic and oxidic materials.  If this type of information is required, contact Chris Smith, 
State Soil Scientist.  Some local research data is available, which may help. 
 
 



 

 

Soil Quality Information Sheet  
 

Soil Quality - Introduction  
 
 
USDA Natural Resources Conservation Service      Revised June 2001 
 
 
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 http://soils.usda.gov/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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Soil Quality Information Sheet

Indicators for Soil Quality Evaluation

USDA Natural Resources Conservation Service April 1996

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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Soil Quality Indicators:  Organic Matter
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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 excess 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
________________________________________________________________________________________________

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.



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

Soil Quality Information Sheet

Soil Quality Indicators:  pH

USDA Natural Resources Conservation Service January 1998



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 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)
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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:

   http://soils.usda.gov
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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
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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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How can compacted soils be identi-
fied?

- platy or weak structure, or a massive condition,

- greater penetration resistance,

- higher bulk density,

- restricted plant rooting,

- flattened, turned, or stubby plant roots.

The significance of bulk density depends on the soil
texture.  Rough guidelines for the minimum bulk density
at which a root restricting condition will occur for
various soil textures are (g/cc stands for grams per cubic
centimeter):

Bulk Density
    Texture    (g/cc)

Coarse, medium, and fine sand and loamy
   sands other than loamy very fine sand    1.80

Very fine sand, loamy very fine sand     1.77

Sandy loams     1.75

Loam, sandy clay loam     1.70

Clay loam     1.65

Sandy clay     1.60

Silt, silt loam     1.55

Silty clay loam     1.50

Silty clay     1.45

Clay     1.40

What is compaction?

Soil compaction occurs when soil particles are pressed
together, reducing the pore space between them.  This
increases the weight of solids per unit volume of soil
(bulk density).  Soil compaction occurs in response to
pressure (weight per unit area) exerted by field machin-
ery or animals.  The risk for compaction is greatest when
soils are wet.

Why is compaction a problem?

Compaction restricts rooting depth, which reduces the
uptake of water and nutrients by plants.  It decreases
pore size, increases the proportion of water-filled pore
space at field moisture, and decreases soil temperature.
This affects the activity of soil organisms by decreasing
the rate of decomposition of soil organic matter and
subsequent release of nutrients.

Compaction decreases infiltration and thus increases
runoff and the hazard of water erosion.



What causes soil compaction?

Soil compaction is caused by tilling, harvesting, or
grazing when the soils are wet.

Soil water content influences compaction.  A dry soil is
much more resistant to compaction than a moist or wet
soil.

Other factors affecting compaction include the texture,
pressure exerted, composition (texture, organic matter,
plus clay content and type), and the number of passes by
vehicle traffic and machinery.  Sandy loam, loam, and
sandy clay loam soils compact more easily than silt, silt
loam, silty clay loam, silty clay, or clay soils.

Compaction may extend to 20 inches.  Deep compaction
affects smaller areas than shallow compaction, but it
persists because shrinking and swelling and freezing and
thawing affect it less.  Machinery that has axle loads of
more than 10 tons may cause compaction below 12
inches.  Grazing by large animals can cause compaction
because their hooves have a relatively small area and
therefore exert a high pressure.

How long will compaction last?

The persistence of soil compaction is determined by the
depth at which it occurs, the shrink-swell potential of the
soil, and the climate.  As the depth increases, the more
persistent the condition.  The type and percentage of
clay determine the shrink-swell potential.  The greater
the shrink-swell potential and number of wet/dry cycles,
the lower is the duration of compaction at a particular
depth.  Freeze/thaw cycles also help decrease near-
surface compaction.

How do organic matter and com-
paction interact?

Soil organic matter promotes aggregation of soil par-
ticles.  This increases porosity and reduces bulk density
(i.e., compaction).  It also increases permeability and
may increase plant available water.

Addition of manure, compost, or other organic materials
including newspaper, woodchips, and municipal sludge
can improve soil structure, helping to resist compaction.

Thick layers of forest litter reduce the impact of machin-
ery, thus reducing compaction.

How can compaction be reduced?

- Reduce the number of trips across the area.

- Till or harvest when the soils are not wet.

- Reduce the pressure of equipment.

- Maintain or increase organic matter in the soil.

- Harvest timber on frozen soil or snow.

(Prepared by the National Soil Survey Center in cooperation with the Soil Quality Institute, NRCS, USDA, and the National Soil
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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
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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:

   http://soils.usda.gov



What is soil biodiversity?

Soil biodiversity reflects the mix of living organisms in the
soil. These organisms interact with one another and with
plants and small animals forming a web of biological
activity.

Soil is by far the most biologically diverse part of Earth.
The soil food web includes beetles, springtails, mites,
worms, spiders, ants, nematodes, fungi, bacteria, and
other organisms.  These organisms improve the entry and
storage of water, resistance to erosion, plant nutrition,
and break down of organic matter. A wide variety of
organisms provides checks and balances to the soil food
web through population control, mobility, and survival
from season to season.

What are the benefits of soil
organisms?

Residue decomposition

Soil organisms decompose plant residue. Each organism
in the soil plays an important role. The larger organisms in
the soil shred dead leaves and stems. This stimulates
cycling of nutrients.  The larger soil fauna include earth-
worms, termites, pseudoscorpions, microspiders, centi-
pedes, ants, beetles, mites, and springtails.

When mixing the soil, the large organisms bring material
to smaller organisms. The large organisms also carry
smaller organisms within their systems or as “hitchhikers”
on their bodies.

Small organisms feed on the by-products of the larger
organisms.  Still smaller organisms feed on the products
of these organisms. The cycle repeats itself several times
with some of the larger organisms feeding on smaller
organisms.

Some larger organisms have a life span of two or more
years. Smaller organisms generally die more quickly, but
they also multiply rapidly when conditions are favorable.
The food web is therefore quick to respond when food
sources are available and moisture and temperature
conditions are good.

Infiltration and storage of water
Channels and aggregates formed by soil organisms
improve the entry and storage of water.  Organisms mix
the porous and fluffy organic material with mineral matter
as they move through the soil. This mixing action provides
organic matter to non-burrowing fauna and creates
pockets and pores for the movement and storage of water.
Fungal hyphae bind soil particles together and slime from
bacteria help hold clay particles together.  The water-
stable aggregates formed by these processes are more
resistant to erosion than individual soil particles.  The
aggregates increase the amount of large pore space which
increases the rate of water infiltration. This reduces
runoff and water erosion and increases soil moisture for
plant growth.

Nutrient cycling

Soil organisms play a key role in nutrient cycling.  Fungi,
often the most extensive living organisms in the soil,
produce fungal hyphae.  Hyphae frequently appear like
fine white entangled thread in the soil.  Some fungal
hyphae (mycorrhizal fungi) help plants extract nutrients
from the soil.  They supply nutrients to the plant while
obtaining carbon in exchange and thus extend the root
system.  Root exudates also provide food for fungi,
bacteria, and nematodes.
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When fungi and bacteria are eaten by various mites,
nematodes, amoebas, flagellates, or ciliates, nitrogen is
released to the soil as ammonium. Decomposition by soil
organisms converts nitrogen from organic forms in
decaying plant residues and organisms to inorganic forms
which plants can use.

Management considerations

Cultivation

The effects of cultivation depend on the depth and
frequency of the cultivation. Tilling to greater depths and
more frequent cultivations have an increased negative
impact on all soil organisms. No-till, ridge tillage, and strip
tillage are the most compatible tillage systems that
physically maintain soil organism habitat and biological
diversity in crop production.

Compaction

Soil compaction reduces the larger pores and pathways,
thus reducing the amount of suitable habitat for soil
organisms.  It also can move the soil toward anaerobic
conditions, which change the types and distribution of soil
organisms in the food web. Gaps in the food web induce
nutrient deficiencies to plants and reduce root growth.

Pest control

Pesticides that kill insects also kill the organisms carried
by them. If important organisms die, consider replacing
them. Plant-damaging organisms usually increase when
beneficial soil organisms decrease. Beneficial predator
organisms serve to check and balance various pest
species.

Herbicides and foliar insecticides applied at recom-
mended rates have a small impact on soil organisms.
Fungicides and fumigants have a much greater impact on
soil organisms.

Fertility

Fertility and nutrient balances in the soil promote biologi-
cal diversity.  Typically, carbon is the limiting resource to
biological activity. Plant residue, compost, and manure
provide carbon. Compost also provides a mix of organ-
isms, so the compost should be matched to the cropping
system.

Cover crops and crop rotations

The type of crops that are used as cover or in crop
rotations can affect the mix of organisms that are in the
soil. They can assist in the control of plant pests or serve
as hosts to increase the number of pests. Different species
and cultivars of crops may have different effects on pests.
However, the organisms and their relation to the crop are
presently not clearly understood.
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Crop residue management

Mixing crop residue into the soil generally destroys fungal
hyphae and favors the growth of bacteria. Since bacteria
hold less carbon than fungi, mixing often releases a large
amount of carbon as carbon dioxide (CO

2
).  The net result

is loss of organic matter from the soil.

When crop residue is left on the soil surface, primary
decomposition is by arthropod shredding and fungal
decomposition. The hyphae of fungi can extend from
below the soil surface to the surface litter and connect the
nitrogen in the soil to the carbon at the surface.  Fungi
maintain a high C:N ratio and hold carbon in the soil. The
net result is toward building the carbon and organic
matter level of the soil. In cropping systems that return
residue, macro-organisms are extremely important.
Manage the soil to increase their diversity and numbers.

(Prepared by the National Soil Survey Center, NRCS, USDA in cooperatio
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What is sediment deposition?

Sediment is solid material that is or has been transported
from its site of origin by air, water, gravity, or ice to a
field or low landscape position.  Deposition occurs when
the amount of sediment becomes greater than the
carrying capacity of the force that is moving it.

How is soil quality affected?

Sediment can either improve or degrade the soils upon
which it is deposited.  The impact of sediment deposi-
tion depends on the characteristics of the original soil,
rate of deposition, type of material, and depth of deposi-
tion.

Fine-grained soil particles deposited on sandy soils
generally improve soil quality, but if coarser material is
deposited on fine-textured soils there is a more delicate
balance.  Soil quality may improve over a short period,
but coarser material generally results in degraded soil
structure and physical characteristics and decreased
fertility.

Deposits of infertile sand on a highly productive silt
loam that is high in organic matter and nutrients can
significantly decrease the quality of the silt loam.
However, soil quality would change little if similar
deposits occurred on a sandy soil that had a low content
of organic matter, and low levels of nitrogen, phospho-
rus, and potash.

The rate of deposition also affects soil quality.  If an inch
of sand is deposited on a fertile soil every year for 16
years, the effects would be much less than if eight inches
of sand were deposited in one year.  Incremental depos-
its become incorporated with the surface layer and
improve with organic matter accumulation.

How is sediment deposition
identified?

Modern deposits of sediment have different physical
characteristics than the older, buried soils upon which
they were deposited.  The buried soil is generally darker
and more uniform in color.  The sediment deposits are
generally less dense, with a wider range in grain sizes.
Sediment deposits often show distinct stratification or
layering.



What can be done about sediment
deposition?

Management response to sediment deposition is gener-
ally determined by the depth of deposition and the
quality of the underlying soil.  Generally, as the depth of
sediment deposition increases, less mixing is possible.

Potential management practices include the one-time use
of:

- moldboard plowing, which generally turns 6 to 8
inches of soil over but causes a minimum amount of
mixing between the surface and subsurface layers.

- chisel plowing, which causes a greater degree of
mixing but generally disturbs the soil to a shallower
depth of only 4 to 6 inches.

- deep chiseling, which disturbs the soil to the greatest
depth (12 to 24 inches) but generally results in a
minimal amount of mixing.

The best method for addressing sedimentation is pre-
vention, since soil quality generally decreases as the
depth of sediment deposition increases.

Prevent soil erosion in upstream landscape positions by
maintaining plant or crop residue cover, high infiltration
rates, and minimal runoff.

Conservation practices on upstream watersheds reduce
the risk of high volume flooding and damaging sediment
deposition.  Dikes, levees, and intercepting channels are
used to provide local protection from some flooding and
sediment deposition.

Relationships between the depth and type of sediment
deposit and damage to soils on flood plains relative to
crop yield are shown in the following table.  An estimate
of the amount of recovery and the length of time re-
quired are made with the assumption that the flooding
was a one-time event and would not reoccur.

   Damage
Recovery   Remaining

Depth and Texture Damage  Period After Recovery
  Pct    Yrs       Pct

4 - 8" fine sand and silt   20      5        0
coarse sand and silt

4 - 8" medium sand   40     10       10
coarse sand

8 - 12" fine sand   40     10       10
coarse sand

12 - 14" coarse sand   60     20       30

12 - 24" coarse sand and   90     30       50
gravel

(from Technical Release No. 17, Geologic Investigations for Watershed Planning, USDA, SCS, 1966)

(Prepared by National Soil Survey Center in cooperation with the Soil Quality Institute, NRCS, USDA)
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What are pesticides?

Pesticides are synthetic organic chemicals used to control
weeds in fields and lawns, and unwanted or harmful pests,
such as insects and mites that feed on crops.  Pesticides
are divided into categories according to the target organ-
isms they are designed to control (e.g., insecticides
control insects).

Herbicides are by far the most commonly used pesticides
in the United States. They range from non selective to
highly selective for control of specific weeds in specific
crops, with different products having postemergence,
preplant, and preemergence uses. Insecticides are second
in usage, and fungicides are third.

Effects of Pesticides on Soil
Quality

The capacity of the soil to filter, buffer, degrade, immobi-
lize, and detoxify pesticides is a function or quality of the
soil.  Soil quality also encompasses the impacts that soil
use and management can have on water and air quality,
and on human and animal health.  The presence and
bio-availability of pesticides in soil can adversely impact

human and animal health, and beneficial plants and soil
organisms.  Pesticides can move off-site contaminating
surface and groundwater and possibly causing adverse
impacts on aquatic ecosystems.

What are pesticide
formulations?

The formulation is the chemical and physical form in
which the pesticide is sold for use.  The active ingredient
(a.i.) is the chemical in the formulation that has the
specific effect on the target organism.  The formulation
improves the properties of the pesticides for storage,
handling, application, effectiveness, or safety.  Examples
of formulated products are wettable powders and water-
dispersible granules.  A single pesticide is often sold in
several different formulations, depending on use require-
ments and application needs.

Pesticide mode of action

Mode of action refers to the mechanism by which the
pesticide kills or interacts with the target organism.

• Contact pesticides kill the target organism by weaken-
ing or disrupting the cellular membranes; death can be
very rapid.

• Systemic pesticides must be absorbed or ingested by
the target organism to disrupt its physiological or
metabolic processes; generally they are slow acting.

How effective the pesticides are at killing the target
organisms (efficacy) depends on the properties of the
pesticide and the soil, formulation, application technique,
agricultural management, characteristics of the crop,
environmental or weather conditions, and the nature and
behavior of the target organism.
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Fate of pesticides in the
environment

Ideally, a pesticide stays in the treated area long enough to
produce the desired effect and then degrades into harm-
less materials.  Three primary modes of degradation occur
in soils:

• biological - breakdown by micro-organisms
• chemical - breakdown by chemical reactions, such as

hydrolysis and redox reactions
• photochemical - breakdown by ultraviolet or visible

light

The rate at which a chemical degrades is expressed as the
half-life.  The half-life is the amount of time it takes for
half of the pesticide to be converted into something else,
or its concentration is half of its initial level.  The half-life
of a pesticide depends on soil type, its formulation, and
environmental conditions (e.g., temperature, moisture).
Other processes that influence the fate of the chemical
include plant uptake, soil sorption, leaching, and volatil-
ization.  If pesticides move off-site (e.g., wind drift, runoff,
leaching), they are considered to be pollutants.  The
potential for pesticides to move off-site depends on the
chemical properties and formulation of the pesticide, soil
properties, rate and method of application, pesticide
persistence, frequency and timing of rainfall or irrigation,
and depth to ground water.

Retention of pesticides in the soil

Retention refers to the ability of the soil to hold a pesti-
cide in place and not allow it to be transported.  Adsorp-
tion is the primary process of how the soil retains a
pesticide and is defined as the accumulation of a pesticide
on the soil particle surfaces.  Pesticide adsorption to soil
depends on both the chemical properties of the pesticide
(i.e., water solubility, polarity) and properties of the soil
(i.e., organic matter and clay contents, pH, surface charge
characteristics, permeability).  For most pesticides,
organic matter is the most important soil property control-
ling the degree of adsorption.

For most pesticides, the degree of adsorption is described
by an adsorption distribution coefficient (K

d
), which is

mathematically defined as the amount of pesticide in soil
solution divided by the amount adsorbed to the soil.

Pesticide toxicity
The toxicity level of a pesticide depends on the deadliness
of the chemical, the dose, the length of exposure, and the
route of entry or absorption by the body.  Pesticide
degradation in soil generally results in a reduction in
toxicity; however, some pesticides have breakdown
products (metabolites) that are more toxic than the parent
compound.

Pesticides are classified according to their potential
toxicity to humans and other animals and organisms, as
restricted-use (can only be purchased and applied by
certified persons who have had training in pesticide
application), and general use (may be purchased and
applied by any person).

Use and application considerations

• Apply pesticides at the lowest effective level.
• Avoid unnecessary pesticide treatments.
• Use Integrated Pest Management.
• Follow all label instructions.
• Apply proper rates and times as label indicates.
• Calibrate application equipment.
• Apply formulations that minimize drift.
• Use safety equipment when handling.
• Store and dispose of pesticide containers properly.
• Use biological controls when appropriate.
• Alter farming or cropping systems to control pests.
• Use disease and insect resistant crop varieties.

Visit our Web site:

   http://soils.usda.gov
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What is salinization?

Salinization is the process by which water-soluble salts
accumulate in the soil.  Salinization is a resource concern
because excess salts hinder the growth of crops by limiting
their ability to take up water.  Salinization may occur naturally
or because of conditions resulting from management practices.

Any process that affects the soil-water balance may affect the
movement and accumulation of salts in the soil.  These
processes include:
• hydrology
• climate
• irrigation
• drainage
• plant cover and rooting characteristics
• farming practices

What causes salinization?

Salinization on the soil surface occurs where the following
conditions occur together:
• the presence of soluble salts, such as sulfates of sodium,

calcium, and magnesium in the soil
• a high water table
• a high rate of evaporation
• low annual rainfall

In semiarid areas, salinization often occurs on the rims of
depressions and edges of drainageways, at the base of
hillslopes, and in flat, low-lying areas surrounding sloughs and
shallow bodies of water.  These areas receive additional water
from below the surface, which evaporates, and the salts are left
behind on the soil surface.

Summer fallow management practices may cause increased
salinization by increasing the soil moisture content to the point
that water moves to seeps on hillslopes.  Salts accumulate as
the water evaporates from these seeps.

What are some indicators
of soil salinity?

Early signs:
• increased soil wetness in semiarid and arid areas to the point

that the soil does not support equipment
• the growth of salt-tolerant weeds
• irregular patterns of crop growth and lack of plant vigor

Advanced signs:
• white crusting on the surface
• a broken ring pattern of salts adjacent to a body of water
• white spots and streaks in the soil, even where no surface

crusting is visible
• the presence of naturally growing, salt-tolerant vegetation

Soil salinity can be estimated by measuring the electrical
conductivity of the soil solution. Electrical conductivity
increases in a solution in direct proportion to the total concen-
tration of dissolved salts.

What are some effects
of salinization?

Salts in the soil increase the efforts by plant roots to take in
water.  High levels of salt in the soil have a similar effect as
droughtiness by making water less available for uptake by plant
roots.
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Few plants grow well on saline soils; therefore, salinization
often restricts options for cropping in a given land area.

Salinization degrades the quality of shallow ground water and
surface water resources, such as ponds, sloughs, and dugouts.

How can salinity problems be man-
aged?

Reducing the severity and extent of soil salinity is primarily a
problem of water management.  Water management can be
addressed in two ways: (1) by managing the area contributing
excess water to the soil (recharge area) or (2) by managing the
area where the excess water comes to the surface (discharge
area).

Recharge management:
• Decrease excess water from infiltrating into the soil in

recharge areas of seeps by diverting surface water to
downslope ponds.

• Maintain the water table at a low, safe level.  Do not over
irrigate.  In some areas, over irrigation and the lack of natural
drainage has raised the water tables, which may require the
use of an artificial drainage system.  Discharge of salty
waters from these drains may contribute to other offsite
problems.

• Irrigate to maintain salts at a level below the root zone in the
soil.

• Use cropping and tillage systems that promote adequate
infiltration and permeability.  This includes building organic
matter for soil aggregation and avoiding compaction.

• Plant crops that use the available soil moisture.  Shallow-
rooted crops may not extract excess subsoil moisture that can
lead to salinity.

• Remove excess water from recharge areas of seeps by using
actively growing, deep-rooted plants. Perennial plants and
forages, especially alfalfa, are useful for this purpose because
they have a longer growing season and take up more water
from a greater depth in the soil than annual plants. Forages
may also increase organic matter in the soil and improve soil
structure.

• Return manure and crop residue to the soil to increase soil-
water retention.

• Reduce summer fallow by continuous cropping.
• Manage snow so that it is evenly distributed and does not

pond on thawing.

Discharge management:
• Grow salt-tolerant crops.
• Convert to permanent soil cover with salt-tolerant crops in

high risk areas.
• Reduce deep tillage, which may bring up salts from deeper

soil horizons.
• Plant forage crops or trees next to bodies of water to increase

water use.
• Install artificial drainage systems in severely affected areas

only.
• Eliminate seepage from irrigation canals, dugouts, and ponds.

Generally, control measures should take an integrated approach
involving cropping, structural methods, and tillage systems.

Visit our Web site:

   http://soils.usda.gov
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