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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) 
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What are indicators? What are some 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. 

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

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 
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, 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 
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 
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. 
Respiration rate can be used to detect microbial 
activity, specifically microbial decomposition of 
organic matter in the soil. Ergosterol, a ftingal 
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 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. 

BACTERIA AND ACTINOMYCETES 
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Soil reaction influence on availability of plant nutrients. 

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. 

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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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. 
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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. 

Aggregate Stability 
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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. 

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. 
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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 nuiy 
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. 



Compaction: A compacted zone (plowpan) or an 
impervious layer close to the surface restricts the entry 
of water into the soil and tends to result in ponding on 
the surface. 

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

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

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

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

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

How can infiltration be increased? 

A number of management options can help increase 
soil infiltration: 

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

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

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

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

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

(Prepared by the National Soil Survey Center in cooperation with the 
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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 
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; 

Organic Matter 
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- 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 
compounds 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 0F (4 0C) but rise steadily with increasing 



temperature to at least 102 0F (40 0C) 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, USD A, and the National Soil 
Tilth Laboratory, Agricultural Research Service, USDA). Animal waste photo courtesy University of Nebraska-Lincoln, Institute 
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What is pH? 
Soil pH is a measure of the acidity or alkalinity in the soil. 
It is also called soil reaction. 

The most common classes of soil pH are: 

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

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

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



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 (770F). 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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Soil Quality Indicators: 
USDA Natural Resources Conservation Service 

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. 

Soil Crusts 
April 1996 

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 
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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 lbs of N/acre) is all that is 
needed for establishing a timely-planted winter wheat 
crop. 

150—1 
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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 apphcation 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 50oF or greater) 
will occur in January and early February. 
Temperatures in January will likely exceed SOT 
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 lbs N/acre. 

La te Winter /Ear ly Spr ing 
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 production 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 lbs N/acre if split-spring 

N applications are planned. Applications greater than 
60 lbs 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 FiU 
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 fertihzer rate recommendations are based on 

research in which a significant amount of variability 
was observed—at some locations optimum N rates 
were 20 lb higher or 20 lb 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 N03'-N in the top 6 
inches of soil, the emerging seedlings are likely to 
exhibit N deficiency symptoms. Extractable nitrate 
levels of 30 ppm N03'-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 lbs 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. 

apply as 
racomnwidcd 

at GSM 

apply a* 
recommended 

i tGS25 

apply a« 
recommended 

at GSM 

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. 
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WHEAT PRODUCTION WITH PRE-PLANT POULTRY LITTER VS. 
COMMERCICAL FERTILIZER STUDY 

GOOD LUCK FARM, CHARLES CITY, VA 

Producers: David & George Black 
Cooperators: Tom Hall, Chickahominy Ag. Services; Randy Shank, 

Extension/DCR; Vernon Heath and Paul Davis, VCE Ag. agents 
Planted: October 25, 2000 
Soil Type: Craven/Emporia, fine sandy loam 
Variety: Pioneer 2643 
Previous Crop: No-Till Com 
Tillage: No-Till into standing com stalks 
Fertilizers: Pieplant: 40-80-80 (Commercial Fertilizer plots only) 

Winter: 60 lbs. N January 
Spring: 50 lbs N March 

Poultry Litter: 2 tons/Ac on 11/2/00 N- P- K- Ca-Mg 
Analysis - Plant Available/ton 29-76-42-29-17 

Herbicides: 2/3 oz. Harmony Extra - January w/ 60 lbs. N application 
Fungicides: 4 oz. Tilt - April w/Warrior application 
Insecticide: 2 oz. Warrior - April 
Harvest Date: June 21, 2001 

Treatments Yield bu/A % Moisture 

Rep 1 2 tons litter 68.7 10.1 
Commercial fertilizer 54.6 10.4 

Rep 2 2 tons litter 64.5 10.0 
Commercial fertilizer 56.9 10.1 

Rep 3 2 tons litter 68.7 9.9 
Commercial fertilizer 53.8 I0J. 

AVG. 2 tons litter 64.7 10.0 
Commercial fertilizer 55.1 10.2 

Discussion: 
Plots were harvested with a calibrated yield monitor on the combine. Yields were 
running in the low SO's bu/ac range on the flat land but dropped down in the 40 and 50 
bushel per acre range on the hill sides. The drop in yield was due to poor stands because 
of extremely dry soil conditions at planting and manganese deficiencies on the hillsides 
only. The 9.6 bushels per acre yield advantage on the litter plots is significant but the 
other variables such as stand and nutrient deficiency also played a role in the yields. 
Compare this study with Riverside Farms Poultry Litter plot where yields were not 
significantly different. 

These studies show that poultry litter can be used successfully in growing a crop of 
wheat. The problem may be getting poultry litter delivered and spread at a price that is 
competitive with commercial fertilizers. 
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SOILS/PHYSICAL CONDITION AY-279 

Earthworms and Crop Management 
Eileen J. Kladivko, Soil Scientist, Department of Agronomy 

Earthworms have long been associated with 
healthy, productive soils. In his 1881 book entitled 
'The Formation of Vegetable Mould through the 
Action of Worms," the great biologist Charles Darwin 
stated that, "It may be doubted whether there are 
many other animals which have played so important 
a part in the history of the world, as have these lowly, 
organized creatures." Although earthworms are • 
known to be beneficial to soils, their degree of 
importance in different agricultural systems is poorly 
understood. This publication provides basic informa­
tion on earthworm ecology, the effects of earthworms 
on soil properties and processes, and the influence 
of soil management practices on earthworms. It 
concludes with a section on how to encourage the 
buildup of earthworm populations in agricultural 
fields, as well as some remaining questions that 
require further study. 

General Ecology 
There are thousands of species of earthworms in 

the world. Those that live in the soil can generally be 
grouped into three major behavioral classes: the 
litter-dwellers, shallow soil dwellers, and deep-
burrowers. The litter-dwelling species live in the litter 
layer of a forest, for example, and are generally 
absent from agricultural fields. Typical agricultural 
fields may have one to five different shallow-dwelling 
species and perhaps one deep-burrowing species. 

The deep-burrowers ("nightcrawlers") build large, 
vertical, permanent burrows that may extend 5 to 6 
feet deep or more. They pull plant residues down 
into the mouth of their burrow, where the residues 
soften and can be eaten at a later time. 
Nightcrawlers construct middens over the mouth of 
their burrows. Middens are a mixture of plant 
residues and castings (worm feces) and probably 
serve as protection as well as a food reserve. 
Because nightcrawlers require residues at the 
surface to pull down into their burrows, we do not 

Figure 1. 
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expect to find any nightcrawlers in fields which 
routinely leave no surface residue cover (i.e. mold-
board-plowed). The species of nightcrawler in the 
north-central region is Lumbricus terrestris. The 
length of adult nightcrawlers is usually 4 to 8 inches 
or more. 

The shallow-dwelling worms (known as 
redworms, grayworms, fishworms, and many other 
names) are comprised of many species that live 
primarily in the top 12 inches of soil. Adult length is 
usually 3 to 5 inches. They do not build permanent 
burrows, but instead they randomly burrow through­
out the topsoil, ingesting residues and mineral soil as 
they go. Because they do not require residues at the 
surface specifically, we do not expect them to be as 
sensitive to residue management as are the 
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Table 2. Earthworm populations (April) 
under corn-soybean rotation on silt loam soil 
in southeastern IN. 

Tillage Earthworms/m2 

1987 1988 1989 

Chisel — 44 67 
Ridge-till — 189 178 
No-till 156 133 211 

year-to-year variations (Table 2). Earthworm popula­
tions were counted in spring in a corn-soybean 
rotation. The fall chisel system had less worms than 
either ridge-till or no-till, due to much less residue 
cover. Ridge-till and no-till populations were compa­
rable, with ridge-till having slightly more worms in 
1988 and no-till slightly higher in 1989. Populations 
will vary from year to year as well as within a year, 
due to weather conditions and food availability. 
There were no nightcrawlers present in any of these 
plots. 

In April 1992 earthworm populations were sur­
veyed on 14 pairs of farmers' fields in central Indiana 
and Illinois. Each pair consisted of a no-till and tilled 
(usually chiseled) field on the same soil type, in a 
corn-soybean rotation, as close together as possible 
(usually less than 1 mile apart). Most of the no-till 
fields had been in no-till for at least 5 years. Soil 
types included two sandy loams, one loam, and the 
rest silt loams and silty clay loams. Shallow-dwelling 
earthworms were counted by excavating and hand-
sorting soil. The presence or absence of significant 
nightcrawler populations was determined by observ­
ing whether nightcrawler middens were present in 
the field. 

Results of the survey confirmed that no-till 
management generally leads to Increases in 
earthworm populations. Eight of the 14 sites had 
higher populations in no-till than in tilled fields, with 
increases ranging from 25% higher to 10 times 
higher. Four sites had roughly equal populations 
under both systems, and two sites had slightly lower 
populations with no-till. Populations ranged from a 
low of 2 to a high of 340 earthworms per square 
meter over all the sites and tillage systems surveyed. 
In addition, nine no-till and only three tilled sites had 
significant nightcrawler activity, again confirming the 
strong influence of surface residues on 
nightcrawlers. We don't know whether or not the 
other no-till sites will develop nightcrawler popula­
tions after more time in the system. 

f 
Managed and/or ChemicallyTreated Fields 

As discussed earlier, there are many convenf 

fields where nightcrawlers are completely absent, 
presumably due to lack of surface food supply. 
When these fields are switched to a no-till system, 
the habitat is better for the nightcrawlers, but the only 
way a population can get started is by overland 
movement from nearby places that have 
nightcrawlers, such as fencerows, roadsides, grass 
waterways, etc. This is a slow process and may take 
many years before a field is populated. In addition, 
not all roadsides and fencerows have nightcrawlers 
either, so there may not be a "source" of 
nightcrawlers adjacent to every field. Finally, we 
don't know whether or not nightcrawlers will survive 
in all soil types, so some fields may be unsuitable 
even when managed for the worms. Much more 
study and observation of nightcrawlers in agricultural 
fields is needed in order to answer these questions. 

The impact of agricultural chemicals on earth­
worm populations varies with the chemical. Inor­
ganic nitrogen fertilizers promote greater plant 
production than in unfertilized fields and therefore 
higher earthworm populations. Although anhydrous 
ammonia will kill a few worms in the narrow band 
where injected, field effects are probably minimal due 
to the small area affected. There is little informatio 
on other nitrogen sources commonly used in the 
Midwest, but effects are probably small when used at 
typical field rates. Most herbicides used in crop 
production in the Midwest are harmless or only 
slightly toxic to worms and should not be a great 
concern. As discussed earlier, some corn rootworm 
insecticides are toxic to worms, but their effects can 
be reduced by keeping the application band as 
narrow as possible. In general, the organophos-
phate and pyrethroid insecticides are harmless to 
moderately toxic, while the carbamate insecticides 
and fungicides are highly toxic. Nematicides in 
general are also highly toxic. 

How to Encourage Earthworms 
Earthworm populations can be increased by 

applying the concepts discussed earlier about food 
supply and surface mulch protection (Table 3). 
Leaving a surface mulch, by no-till or other conserva­
tion tillage systems with plenty of residue cover, will 
generally increase populations. Growing winter 
cover crops may augment the mulch protection as 
well as provide additional food for the worms. 
Adding or growing organic matter is a great way to 
build earthworm populations. Animal manures and 
sewage sludges, and rotations with hay or set-asidf 
fields, are also possible ways to provide more food 
for the earthworms and help increase populations. 
Soil pH should be maintained between 6.0 and 7.0 



Table 3. Methods to increase earthworm 
populations. 

Leave surface mulch: 

no-till 

ridge-till 

cover crops 

Add or grow organic matter: 

manure 

hay 

set-aside 

cover crops 

for optimum conditions, although lower pH's are 
tolerated by most species. Although management 
can increase earthworm populations on many soils, 
some soils will not support high earthworm popula­
tions, regardless of management, due to inherent soil 
texture and drainage properties. Very coarse sands 
and perhaps high water table heavy clays are two 
examples. 

The question often arises, "Is it worthwhile to 
"seed" earthworms in fields with low populations?" 
The first principle to remember is that the shallow-
dwelling species are already established, and their 
current population is what can be supported by the 
current management system. If the management 
system is changed to something more suitable for 
the worms, their populations will increase quickly (1 
or 2 years) to the level that can be supported by the 
new practices. Thus, there is little evidence to 
suggest that seeding these worms is worthwhile. 

Nightcrawlers, however, may be a slightly differ­
ent story. Since many conventional fields have no 
nightcrawlers present, a change in management 
from conventional to no-till does not guarantee that 
nightcrawlers will become established (see earlier 
discussion). Under these circumstances, there may 
be some benefit from establishing a few sources of 
nightcrawlers in the field, and several farmers have 
claimed success in establishing nightcrawlers in this 
way. Whether nightcrawlers would have established 
themselves in these fields without the farmer's 
assistance is not known. If you want to try this 
practice, collecting local nightcrawlers from country 
roads or pastures on rainy spring nights or mornings 
is a good way to start. Purchasing nightcrawlers is 
expensive, and they may not be adapted to local 
soils and climates. A small-scale, low-cost trial is 

highly advisable, since we don't know whether or not 
nightcrawlers will survive on all soils. Protect the 
worms from the sun, and place 4 or 5 together under 
some mulch or residue in a spot every 30 or 40 feet 
in the field, preferably on a cloudy, wet, cool day. 
Record the location of the seeded spots, and then 
observe those spots for evidence of midden activity 
over the year to determine whether the nightcrawlers 
survived and if the patches are growing. 

Remaining Questions and Further 
Information 

Many questions about earthworms and agricul­
tural fields remain to be explored. How much do 
earthworms contribute to nutrient cycling and avail­
ability to an annual crop? How much improvement in 
soil physical properties can be expected from both 
shallow-dwelling species and nightcrawlers? Why 
are nightcrawlers present in some no-till fields and 
not others? What practical management strategies 
might be used to help establish nightcrawlers in 
areas that have none? These and other questions 
have potential importance for increasing the 
sustainability of agricultural systems. 
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Summary—Earthworms often play an important role in maintaining or improving soil physical con­
ditions, and earthworm populations often increase under reduced tillage systems. The objective of our 
study was to determine earthworm populations and species distributions under long-term no-till vs con­
ventional tillage on a variety of soil types in the states of Indiana and Illinois, U.S.A. Fourteen paired 
sites were located on farmers' fields. Each paired site consisted of a no-till and conventional tillage field 
on the same soil type, located as close together as possible. Fields were in corn {Zea mays L.)-soybean 
{Glycine max) rotation, and earthworm counts were made in the spring following a soybean crop. 
Populations of shallow-dwelling earthworms (endogees) ranged from 2 to 343 earthworms per m"2. Of 
the 14 paired sites, eight sites had higher earthworm populations in no-till than conventional, four sites 
had roughly equal populations in both systems, and two sites had slightly lower populations in no-till 
than conventional. At most sites, shallow-dwelling species were dominated by Apporectodea tuberculata 
and A. trapezoides. Some of the sites also had significant populations of Lumbricus rubellus. The pre­
sence or absence of significant L. terrestris populations was noted by observing middens. Nine no-tili 
and three conventional sites showed significant activity of L. terrestris. Implications for tillage manage­
ment and the need for additional applied research are discussed. © 1997 Elsevier Science Ltd 

INTRODUCTION 

Earthworms can play an important role in main­
taining or improving soil physical conditions such 
as tilth, aeration and water infiltration. One of the 
advantages of conservation tillage systems, particu­
larly no-till, is that earthworm populations will 
often increase compared with conventional tillage 
systems. Generally, water infiltration rates have 
been found to increase under no-till compared with 
conventional tillage, but occasionally they have 
been found to stay the same or decrease. The pre­
sence or absence of a "significant" earthworm 
population may be an important determiner of 
whether infiltration rates increase or decrease in no-
till vs conventional systems. 

Measurements of earthworm populations on a 
range of tillage systems in Indiana have been 
restricted to the work at two Purdue Agricultural 
Research Centers (Mackay and Kladivko, 1985; 
J.B. Dickey, unpublished Ph.D thesis, Purdue 
University, 1990). In order to more confidently 
extend these results to a wider variety of soils in 
Indiana and the Midwest in general, earthworm 
population measurements from a much wider array 

*Author for correspondence. Fax: (317) 496-2926. 

of long-term no-till fields managed by farmers is 
required. The objectives of this work were: (1) to 
determine earthworm populations under no-till vs 
conventional (moldboard or chisel plow) systems on 
a variety of soils and sites in Indiana and Illinois 
and (2) to determine the relationship between 
selected soil properties and earthworm populations. 

METHODS 

Fourteen paired sites were located on farmers' 
fields in Indiana and Illinois. A variety of soil types 
within the Wisconsin-age glaciated region of these 
states were represented. Soil series names, texture 
and drainage class of each site are listed in Table 1. 
Each paired site consisted of a no-till and conven­
tional tillage (chisel or moldboard plow) field on 
the same soil type, located as close together as poss­
ible (within 1 km distance of each other). Most of 
the no-till fields had been managed in no-till for at 
least five years. Fields were in a corn {Zea mays 
L.)-soybean {Glycine max) rotation, and counts 
were made in the spring following a soybean crop. 

Earthworm counts and observations were made 
during April 1992, when earthworms were active 
and the water content of the soil (near field ca-
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1 aoie i. aon aesci 

Site No. Soil series 

5 
6 
7 
8 
9 
10(1) 
10(2) 
11 
12 
13 
15(1) 
15(2) 
15(3) 
20 

1L — 
SL — 
S i L -
S i C l -

Crosby 
Fincastle 
Owosso 

Martinsville 
Ockley 

Darroch 
Onargo 
Pewamo 
Crosby 
Treaty 

Saybrook 
Saybrook 
Drummer 

Flood-plain 

Loam 
Sandy loam 
Silt loam 

iption ana sou proper 

Classification 

Aerie Ochraqualf 
Aerie Ochraqualf 
Typic Hapludalf 

; Typic Hapludalf 
Typic Hapludalf 
Aquic Argiudoll 
Typic Argiudoll 
Typic Argiudoll 

Aerie Ochraqualf 
Typic Argiaquoll 
Typic Argiudoll 
Typic Argiudoll 

Typic Argiaquoll 

ties ot 14 

Texture1 

SiL 
SiL 
SL 
SiL 
SiL 
L 

SL 
SiCI 
SiL 
SiCI 
SiL 
SiL 
SiCI 
SiCI 

2PD — Poorly drained 

no-till and c 

Drainage2 

SPD 
SPD 
WD 
WD 
WD 
SPD 

M W D 
PD 

SPD 
PD 

SPD 
SPD 
PD 

SPD — Somewhat poorly drained 
M W D — Moderately well drained 

- Silty clay loam WD — Well drained 

onvent 

NT J 

6.3 
6.3 
6.7 
6.4 
7.0 
6.1 
5.9 
7.5 
6.6 
6.6 
6.6 
7.1 
8.0 
8.0 

lona 

pH 

1 tillaj 

CN 
6.2 
7.1 
7.5 
6.3 
7.3 
6.6 
6.5 
7.1 
6.6 
6.3 
7.1 
7.1 
6.7 
7.8 

3 N T -

^ 

?e sites where ( he earth 

O M % 
NT 
3.1 
2.1 
1.4 
2.0 
2.2 
3.8 
3.1 
2.5 
3.3 
4.3 
4.6 
2.5 
5.4 
6.2 

No-till 
f — Conventional 

CN 
1.6 
2.5 
1.4 
1.3 
2.3 
4.0 
2.5 
3.5 
2.4 
4.5 
4.8 
1.9 
7.3 
2.2 

worm survej 

Sand 

(%) 
10.6 
13.5 
63.0 
31.0 
15.5 
37.1 
61.6 
17.7 
18.8 
12.2 
3.2 
4.2 
1.5 

26.4 

' was conducted 

Silt 
(%) 
70.3 
66.6 
30.0 
57.7 
72.5 
41.2 
25.7 
58.6 
65.0 
58.1 
70.7 
74.2 
68.4 
44.0 

Clay 
(%) 
19.2 
20.0 
7.1 
11.4 
12.0 
21.7 
12.8 
23.8 
16.2 
29.8 
26.1 
21.7 
30.1 
29.6 

pacity) favored shallow (0-25 cm depth) activity of 
"shallow-dwelling" (endogeic) species. At each field, 
12 soil samples (45x10x25 cm deep) were taken 
with a specially designed metal "cookie cutter" 
sampler (similar to one described by Zicsi, 1962) 
and were then hand-sorted for earthworms. Total 
soil area sampled was therefore 0.54 m2 per field. 
At several sites the sampling procedure was modi­
fied to include six of the metal. box samples and 
two soil columns (50 x 30 x 25 cm deep) excavated 
with a spade, for a total sampled area of 0.57 m2 

per field. These sampling procedures are suitable 
for shallow-dwelling earthworm species but do not 
quantitatively recover deep-burrowing species 
("nightcrawlers," or Lumbricus terrestris). L. terres-
tris activity was estimated from the presence or 
absence of middens in the field. A subsample of the 
adult earthworms recovered during sorting was 
identified to genus {Octolasion) or species either in 

the field or in the lab within two days of sampling. 
Exact percentages of species distributions are not 
presented, because, for several reasons, not all 
adults were identified. Partial or injured worms 
could sometimes not be identified, some worms died 
while being brought back to the lab and then could 
not be identified, and at some sites with larger num­
bers of worms, a subsample was deemed sufficient 
to determine the approximate species distributions. 
Juveniles were not identified, as this cannot be done 
visually in the field for many species. The results 
therefore represent an approximation of the species 
distributions of adults in these fields. 

Subsamples of the sorted soil were analyzed for 
sand, silt, clay, organic matter, pH, lime index, 
available P, available K, Ca, Mg, and cation 
exchange capacity by standard soil testing pro­
cedures. A two-tailed Mest was used to test the 
effect of tillage system on earthworm populations. 

Table 2. Total number of shallow-dwelling earthworms, and evidence of L. terrestris ("nightcrawler") activity under 14 no-till and con­
ventional tillage sites 

Site No. 

5 
6 
7 
8 

9 
10(1) 
10(2) 
II 
12 
13 
15(1) 
15(2) 
15(3) 
20 

Years no-till 

9 
7 
6 
2 

3 
7 

N D 
6 
8 
7 
17 
12 
S 
9 

Total 

159 
58 
41 
2 

39 
27 
24 
168 
296 
343 
259 
170 
109 
2.37 

No-till 

Adult 

81 
24 
28 
2 

18 
11 
2 

72 
111 
89 
119 
22 
31 
33 

Earthworms 

Juv. 

78 
34 
13 
0 

21 
16 
22 
96 
185 
254 
140 
148 
78 

204 

; m - 2 

Total 

63 
29 
39 
16 

70 
26 
50 
107 
115 
35 
119 
19 
16 

196 

Conventional 

Adult 

43 
10 
21 
5 

32 
14 
28 
88 
46 
28 
39 
8 
7 
3 

Juv. 

20 
19 
18 
11 

38 
12 
22 
19 
69 
7 

80 
11 
9 

193 

L. terrestris middens 

No-til 

Yes 
Yes 
No 
No 

Yes 
No 
Yes 
Yes 
No 
Yes 
Yes 
Yes 
Yes 
No 

present? 

1 Conventional 

No 
Yes 
No 
No 

Yes 
No 
Yes 
No 
No 
No 
No 
No 
No 
No 


