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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.

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.

(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 req’uire 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 & 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.
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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
improving 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
ﬁeneral groups: visual, physical, chemical, and
iological.

Visual indicators may be obtained from observation or
photographic interpretation. Exposure of subsoil,
chang;a in soil color, ephemeral gullies, ponding,
runoff, plant response, weed species, blowing soil, and
deposition are only a few examples of potential locally
determined indicators. Visual evidence can be a clear
indication 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, seedlin
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
concentrations 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 contaminants, and some

Ehysical conditions, such as the tendency for crust to
orm.

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.
Respiration rate can be used to detect microbial
activity, specifically 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 pathogen
populations can also serve as biological indicators of
soil quality.




How are indicators selected?

Soil qualig 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
sampling 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 interpretation of the
information.

Monitoring soil quality should be directed primarily
toward the detection of trend changes that are
measurable 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.
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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. Evaluations 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.

(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 associated 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
important?

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
raindrops 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
measured?

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
aggregates in distilled water.




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 container 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.

What influences aggregate stability?

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

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 stability.

Soils that have a high content of organic matter have
greater aggregate stability. Additions of organic matter
increase aggregate stability, primarily after
decomposition 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
microorganisms 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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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.

[f 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 4 mass, sliding down the slope because of satu-

rated soil conditions

Decreases in infiltration or increases in saturation above a
compacted laver can also cause nutrient deficiencies in

crops. Either condition can result in anaerobic conditions
which reduce biological activity and fertilizer use efficien-

Cl1es.

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
soll 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.




* 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:

e 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.

e 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.

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

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

Visit our Web site:
www.nssc.nres.usda.gov

(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 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 Aumus, 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
reducing 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,
phosphorus, 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
pesticides, 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
atmosphere with water from the soil. Soil organic
matter is created by the cycling of these organic
cl?mpq:mds in plants, animals, and microorganisms into
the soil.

What happens to soil organic
matter?

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
microorganisms 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
temperature 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 °F (4 °C) but rise steadily with increasing



temperature to at least 102 °F (40 °C) 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
decomposition.

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,
destroyed 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 3.5-44
Very strongly acid 4.5-5.0
Strongly acid 51-5.5
Moderately acid 56-6.0
Slightly acid 6.1-6.5
Neutral 6.6-7.3
Slightly alkaline 74-78
Moderately alkaline 79-84
Strongly alkaline 85-9.0

What is the significance of pH?

Availability of Nutrients

Soil pH influences the solubility of nutrients. Ii 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 pIl 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



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 (77°F). The soil pH generally
is recorded as a range in values for the soil depth selected.

(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).

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.

Visit our Web site:
www.nssc.nres.usda.gov

The U. 8. Department of Agriculture (USDA) prohibits discrimination in its programs on the basis of race, color, national origin, gender. religion, age,
disability, political beliefs, sexual orientation, and marital or family 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 USDA’s TARGET Center at (202)

T20-2600 (voice and TDD).

To file a complaint of discrimination, write USDA, Director, Office of Civil Rights, Room 326W, Whitten Building, 14th and Independence Avenue, SW,
Washington, DC 20250-9410 or call (202) 720-5964 (voice or TDD). USDA is an equal opportunityprovider and employer.
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What are soil crusts?

Soil crusts are relatively thin, somewhat continuous
layers of the soil surface that often restrict water
movement, 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
identical 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
surface.

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 temperature 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 associated
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
seedling 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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Nitrogen Management for Winter Wheat:

Principles and Recommendations

M. M. Alley, D.E. Brann,
J. L. Hammons, Peter Scharf, and W. E. Baethgen*

Introduction

Efficient nitrogen (N) fertilization is crucial for
economic wheat production and protection of ground
and surface waters. Excessive plant-available N
produces wheat plants that are susceptible to lodging
and disease with resulting decreased yields and
increased input costs. The potential for enrichment
of ground and surface waters with nitrates also
increases with excessive N fertilizer applications.
However, insufficient N availability to wheat plants
results in low yields and significantly reduced profits
compared to a properly fertilized crop. Nitrogen
fertilizer rate and timing are the major tools available
after planting to manipulate wheat to produce higher
yields per acre. Nitrogen affects heads/sq. ft., seeds/
head, and kernel size. A harvest objective with current
varieties grown in Virginia should be 60-70 heads/sq.
ft. with at least 30 kernels/head. Our wheat fertility
research program has been concentrating during the
last several seasons on proper N fertilization because
of the major role this nutrient plays in profitable wheat
production and environmental concerns. This paper
reports on our current conclusions and
recommendations with regard to N fertilization of
wheat.

General Principles

Autumn

The winter wheat plant has a generalized N uptake
pattern that is depicted by the curve shown in Fig. 1.
A crop that is planted on time for a particular location
germinates, emerges, and tillers prior to the dormancy
period that generally begins in December in Virginia.
Dry matter production and thus N requirement is rather
low during the autumn, but N is required to establish

the crop and promote the production of fall tillers. Fall
tillers are those that will begin growth first in the
spring, and generally produce heads with more
kernels. Root systems are also developed in the
autumn, and are generally larger than the top growth.
Well-developed roots reduce winter-kill and prepare
the plant to efficiently utilize nutrients and moisture
from the soil. Nitrogen fertilization in excess of the
amount which the plant can utilize prior to dormancy
creates the potential for leaching losses of the N.
Plants with excessive fall growth are also more
susceptible to disease infection and winter-kill. Hence,
a moderate amount (15-30 Ibs of N/acre) is all that is
needed for establishing a timely-planted winter wheat
crop. :
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Figure 1. Nitrogen uptake pattern for winter wheat
grown in the Coastal Plain region of Virginia.
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Winter

The wheat crop utilizes very little N during winter
dormancy. Nitrogen applied early in the dormancy
period is subject to leaching and/or run-off losses.
Applying large amounts of N during January on frozen
ground, and expecting this N to be available for
producing grain in April and May, is not reasonable
because of our climatic conditions and the growth
pattern of wheat. However, there are situations,
particularly on very sandy soils in the Coastal Plain
region, in which a small N application in January may
be beneficial. If all of the following conditions are
met, some N fertilization in January may be useful.
First, significant leaching rains between October and
December, for example, > 3.5 inches of precipitation
during one rainfall event. Second, a thin stand of
wheat with pale green color due to lack of available
N. Third, an expectation for the specific site that
several growing days (temperatures of S0°F or greater)
will occur in January and early February.
Temperatures in January will likely exceed 50°F
several days in the Coastal Plain and Southern
Piedmont areas, but not in Northern Virginia or the
Valley region. Such conditions might warrant an
application of 30 lbs of N per acre to encourage
tillering and root growth. However, potential losses
to the environment are great with such applications,
and they should be made only after careful
consideration of the specific field conditions, and the
N application should not exceed 30 Ibs N/acre.

Late Winter/Early Spring

The wheat crop breaks dormancy in late February/
early March in most areas of Virginia. As growth
begins so does the crop’s requirement for N. Late
winter/early spring growth is characterized by further
tillering of the crop prior to stem elongation (Zadoks
growth stage 30, Figure 2). Since the initial growth is
usually rather slow because of cool temperatures, the
initial N fertilizer application should be as near to the
initiation of growth as it is possible to estimate for the
specific site. It is important, however, to realize that
fields with low tiller numbers should receive the first
N applications so that spring tiller productidn is not
delayed due to a lack of plant-available N. Reference
to Figure 1 shows that N uptake is usually not great
during the period of mid-February to mid-March.
Again, this closely matches the growth or dry-matter
production pattern for the crop.

Excessive N applications during the early-spring
tillering phase can result in spindly plants that are more
likely to lodge and be susceptible to diseases such as
powdery mildew. Nitrogen applications during this
period should not exceed 60 Ibs N/acre if split-spring

N applications are planned. Applications greater than
60 Ibs N/acre during late winter have not 'increased
yields when followed with appropriate N fertilization
at GS 30.

Stem Elongation

The leaf sheath erection growth phase, GS 30,
signals the beginning of stem elongation and the most
rapid phase of wheat growth. Two important factors
are occurring during this time. First, the potential
number of kernels per head is being established during
the embryonic formation of the head. Second, rapid
N uptake begins (Figure 1).

Management must now be directed to maintaining
developing heads. Inadequate available N causes tiller
abortion with resulting lowered harvest population.
Some tillers will always be lost. However, stands with
marginal populations at the end of tillering are likely
to have lower yields due to low numbers of heads/sq.
ft. at harvest.

The initial phase of head development is occurring
at GS 30. The late winter/early spring N application
should be adequate to develop the embryonic head.
Visually, the crop should have a medium to dark green
color and be vigorously growing by GS 30. If the crop
is beginning to show signs of chlorosis (yellowing),
then the application of N at this stage is critical for
the development of adequate head size. Priority
should be given to N treatments for crops showing a
lack of adequate N at this stage of growth. The
question of N fertilizer amounts at this growth stage
will be discussed in a later section of this report.

Finally, GS 30 indicates that the wheat plant is about
to embark on its most rapid period of vegetative
growth in order to build a structure for producing
carbohydrate to fill the grain. Figure 1 clearly
illustrates the large N uptake from the beginning of
April (approximately GS 30) through the first two
weeks of May (flowering) for a well-fertilized crop
grown under Virginia climatic conditions. Nitrogen
fertilizer management must provide for the crop
requirement during this phase in order to have
adequate leaf area for producing profitable yields.
Also, there is very little chance for leaching loss of N
fertilizer applied near the beginning of this growth
phase due to the extensive nature of the wheat root
system by GS 30, relatively high rates of
evapotranspiration, and the large amount of N uptake
during this time period.
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Figure 2. Growth stages of wheat according to the
Zadoks and Feekes scales.
Grain Fill

Nitrogen uptake during the grain-fill period (Figure
1, early May through June) is relatively low compared
to uptake during the stem elongation phase of growth.
Plant tissue N is mobilized and translocated to the
grain during this period with only small additions
coming from available soil N. Our research has shown
no yield increases from N fertilizer applications at or
after flowering. Foliar applications (10 to 20 lbs N/
acre) of urea at this growth stage have been shown to
increase grain protein but not yield. If such
applications are made, they should be made in
sufficient volumes of water (20 to 30 gallons/acre) to
reduce the potential for foliar burn.

N Fertilizer Recommendations

Our N fertilizer rate recommendations are based on
research in which a significant amount of variability
was observed—at some locations optimum N rates
were 20 Ib higher or 20 1b lower than those indicated
by the graphs in this section. Past experience with a
particular field or the climatic conditions of a particular
year are legitimate reasons to adjust the N rate
recommendations obtained from the graphs.

Autumn _

Plant available N is needed in the surface soil during
the germination and development of the wheat
seedling in order to promote tillering and root
development. Observations have shown that if soil
nitrate levels are less than 10 ppm NO,-N in the top 6
inches of soil, the emerging seedlings are likely to
exhibit N deficiency symptoms. Extractable nitrate
levels of 30 ppm NO,™-N in the surface 6 inches of soil
indicate a high level of N availability and no fertilizer
N application is required.

Apply 15 to 30 Ibs N/acre just before planting to
stimulate tillering and root development in those
situations where residual N availability is less than

desired. The N fertilizer should be incorporated in the
surface 2 to 4 inches for conventional tillage systems.
Surface applications have been found to be adequate
for no-till.

Late Winter/Early Spring N Applications

The flow chart in Fig. 3 summarizes our overall
approach to determining the optimum economic late
winter/early spring N rates for winter wheat. . The
system relies on tests which are field specific and is
flexible to be able to be used by growers who will split
their late winter/early spring N applications as well as
those growers who choose not to split their N fertilizer
application. As shown in Figure 3, all growers,
whether they plan to split their N or not, should start
by making tiller counts to determine whether an early
N application is needed to stimulate tiller
development. The rate of the first application of a split
is based on a tiller count and the rate of the second
application is based on a tissue test. For growers not
willing to split, when tiller numbers are low a single
application should be made at growth stage 25 with
rate based on a soil nitrate test; and when tiller numbers
are adequate a single application should be made at
growth stage 30 with rate based on a tissue test.

Figure 3. Flow chart showing how to obtain field-
specific N rate recommendations for late winter/
early spring N applications. A tiller count should
be the first step in all fields, regardless of whether
spring N applications will be split or not; then
follow the arrows.
























