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Intended Outcomes
The participants will
• Learn soil properties that pertain to manure application.
• Identify treatment processes in the soil system.
• Recognize benefits and limitations of soil’s ability to utilize manure.
• Become aware of environmental issues surrounding manure
addition to the soil.
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P R O J E C T S TAT E M E N T
This educational program,
Livestock and Poultry
Environmental Stewardship,
consists of lessons arranged
into the following six modules:
• Introduction
• Animal Dietary Strategies
• Manure Storage and
Treatment
• Land Application and
Nutrient Management
• Outdoor Air Quality
• Related Issues
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Introduction
As agricultural producers strive to develop a more sustainable agriculture,
the potential of animal manure to recycle nutrients, build soil quality, and
maintain crop productivity becomes more important. At the same time,
however, the nature of modern animal agriculture, with its highly
concentrated production facilities and reliance upon feed supplements to
maintain animal health and productivity, has raised serious questions about
the effects of animal manure on the quality of our soil, water, atmosphere,
and food supply. Because land application is the only practical alternative for
much of animal-based agriculture, the cornerstone of most manure
management programs will be a solid understanding of how animal manure
and manure-amended soils affect agricultural production and the surrounding
environment.
All manure must be handled properly if the environment and public
health are to be protected. Runoff from cropland, feedlots, and confined
animal operations has the potential to harm surface waters and the plant and
animal life that lives in or depends on those waters. It also has the ability to
affect groundwater quality and could impact the drinking water on your land
or your neighbor’s land.
All water received at the soil surface evaporates, soaks into the soil, or
runs off the land. Water that does not evaporate either moves as surface runoff
into streams, rivers, and lakes or percolates through the soil. The movement
of water on the land, in the ground, and through the air is termed the
hydrologic cycle (Figure 30-1).
Rainfall runoff from managed fields, forests, and pastures can be
environmentally acceptable, but runoff from a surface manure application to
land is not acceptable. Therefore, the job of the manure manager is to select a
manure application rate that
• Supplies the crop’s nutrient needs without buildup of soil nutrients.
• Prevents runoff to surface water.
• Minimizes percolation to groundwater.
• Does not exceed the rate at which the soil will accept and process the
manure.

All manure
must be handled
properly if the
environment
and public health
are to be protected.
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Figure 30-1. The hydrologic cycle.
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Pollution sources

Nonpoint source
(NPS) pollution
takes place over a
broad area and
results in the
release of
pollutants from
many different
locations.

Sources of pollution are usually divided into two categories: (1) Point
source pollution is a single identifiable source of pollution, such as a pipe
through which factories or sewage treatment plants discharge treated
wastewater into surface water. (2) Nonpoint source (NPS) pollution takes
place over a broad area and results in the release of pollutants from many
different locations. Runoff from agriculture, forestry, highway, and
residential and urban development are examples of NPS pollutants
(Figure 30-2).

Eutrophication
Eutrophication is the slow nutrient enrichment of streams and lakes and is
responsible for the “aging” of ponds, lakes, and reservoirs. Excessive amounts
of nutrients from point and NPS pollution, especially nitrogen (N) and
phosphorus (P), speed up the eutrophication process. Rapid eutrophication is
usually associated with increased algae growth. As more and more algae grow
and then decompose, they deplete the dissolved oxygen in slow-moving water.
This condition may result in fish kills, offensive odors, unsightliness, and
reduced attractiveness of the water for recreation and other public uses.
However, this condition occurs only when excessive nutrients are present. A
certain amount of N and P is essential for any life to exist in water.
Other manure components also affect water quality. Animal manure
contains pathogens (protozoa, viruses), bacteria, ammonia, organics, and a
variety of other chemicals that may impact plant and animal life in the river.
Additionally, the pathogens have the potential to infect humans who use the
water for fishing, recreation, or drinking water supply.
Environmentally safe disposal of agricultural manure depends on
landscape features and on soil physical and chemical properties. This lesson
describes soil properties and characteristics that affect soil suitability and
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Figure 30-2. Potential sources of NPS pollution. Note: This drawing is not to scale.
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limitations for manure applications. Agricultural manure management
systems should not be implemented without adequate and complete soil maps
or soil interpretive information.

Soil components
Soil is a heterogeneous material made up of three major components:
a (1) solid phase, (2) liquid phase, and (3) gaseous phase. All three phases
influence the supply of plant nutrients to the plant root.
The solid phase is the main nutrient reservoir. Negatively charged clay
particles in the soil hold nutrients in the cation form (positively charged ions),
such as potassium, N (as ammonium), sodium, calcium, magnesium, iron,
manganese, zinc, and cobalt. Anionic (negatively charged ions) nutrients, such
as N (as nitrate), P, sulfur, boron, and molybdenum, are largely held by the
organic fraction or mineral complexes. Nitrate is held very loosely to the anion
exchange sites of the soil and can move readily with percolating soil water. If
the soil organic fraction decreases due to poor farming practices, the soil’s
ability to hold these elements is drastically reduced. Phosphorus is often fixed
to the mineral soil fraction containing iron, aluminum, and carbonates. The
amount of plant available nutrients held by a soil depends on each soil’s unique
chemical and physical properties. These properties can be defined by a soil’s
cation-exchange capacity, pH, organic matter content, bulk density, and waterholding capacity.
The liquid phase of the soil, the soil solution, is responsible for nutrient
transport in the soil. Oxygen and carbon dioxide can be dissolved in the soil
solution and transported to and from the system. A large percentage of liquid
manure is composed of water. Depending on the type, timing, and method of
delivery of manure, this water can be used to supply a small part of the
plant’s moisture as well as nutrient requirements.
The gaseous phase mediates the exchange of gases that occurs among
the numerous living organisms in the soil. Nitrogen, oxygen, water vapor,
and carbon dioxide are the primary gaseous by-products of the soil and plant
system. Gas exchange affects denitrification, mineralization of organic
material, and the soil microorganism growth rate.
As issues related to the soil utilization of manure are discussed in this
lesson, you, the producer, are encouraged to evaluate the soil characteristics
of manure application sites that your operation uses to better understand their
environmental strengths and weaknesses. This can be done with the aid of an
environmental stewardship assessment (see Appendix A) and a regulatory
compliance assessment (see Appendix B in Lesson 33, Selecting Land
Application Sites) for soil characteristics.

Manure Mineralization in Soil
The mineralization of manure is governed by the biological, chemical,
and physical properties of soil and is a function of the organic manure,
soil moisture, and soil temperature. Manure mineralization is a process
where microbes digest and reduce the organic portion of the manure to
inorganic materials. Inorganic materials released during this process are
the essential plant nutrients (N, P, potassium), macronutrients and
micronutrients, salts, and heavy metals.
Soil moisture, temperature, and aeration regulate soil microbial activity,
and thus are factors that influence the rate of manure mineralization. Soils

Environmentally
safe disposal of
agricultural
manure depends
on landscape
features and on
soil physical and
chemical
properties.

Manure
mineralization
is a process where
microbes digest
and reduce the
organic portion
of the manure
to inorganic
materials.
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that are warm, moist, and well aerated have the highest potential rate of
organic manure mineralization. Lower potential rates should be expected
when soils are dry, cold, or saturated with water.

Microbial activity

Microbial activity
is highest in soils
that have a high
average annual soil
temperature and
lowest in soils that
have a low average
temperature.

Average annual soil surface temperature and seasonal temperature
variations have a significant impact on the duration and rate of soil microbial
activity (Figure 30-3).
Most average annual soil temperatures in the United States range from
less than 32ºF (0ºC) to more than 72ºF (22ºC). Microbial activity is highest in
soils that have a high average annual soil temperature and lowest in soils that
have a low average temperature. Thus, microbial activity decreases or
increases as the mean monthly soil temperature changes throughout the year.
When applied to cold or frozen soils, agricultural manures mineralize very
slowly, are difficult or impossible to incorporate, and are vulnerable to
surface runoff and erosion. Potential agricultural manure contamination of
surface water is highest when agricultural manure is applied under these
conditions. Microbial activity also highly depends on the soil’s moisture
content (Figure 30-4).
Soils that are dry throughout most of the growing season have a low
organic matter mineralization rate. Microbial activity in these soils is greatest
immediately after rainfall or irrigation events and decreases as soil moisture
decreases. Conversely, soils that are moist throughout most of the growing
season have higher microbial activity and greater capacity to mineralize
manure. Wet soils that are saturated with water during the growing season
have potentially lower microbial activity than moist soils. This lower
microbial activity is not caused by a lack of soil moisture but is the result of
low soil aeration when the soils are saturated.

Nitrogen (N)

Nitrate forms of
soil N are
susceptible to
leaching and can
leach out of the
plant root zone
before they can
be used for plant
growth.
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Organic N is converted to inorganic N and made available for plant
growth during the manure mineralization process. This conversion process is
a two-way reaction that not only releases N but also consumes N.
When applied to soils, manure increases the energy or food supplies
available to the soil microbial population. This energy supply stimulates
soil microbial activity, which consumes more available N than the
mineralization processes release. Thus, high microbial activity during initial
manure mineralization can cause a reduction of available N below that needed
for plant growth. Nitrogen deficiency also occurs if the manure
mineralization cannot supply sufficient quantities of N to the plants during
periods of rapid growth. This condition is most apparent in spring as the soil
warms and crops exhibit a short period of N deficiency.
Ammonium N (NH4 +). This form of N is the initial by-product of
organic N mineralization. Ammonium is adsorbed, or filtered, to soil particles
through the cation exchange. It can be used by plants or microorganisms.
Ammonium N is further oxidized by nitrifying bacteria to nitrate N.
Nitrate (NO3 -). This form of N is not strongly adsorbed to soil particles.
Nitrate forms of soil N are susceptible to leaching and can leach out of the
plant root zone before they can be used for plant growth. Nitrate can
contaminate groundwater if leached below the soil root zone or transported
off the field by runoff to surface water. Soils that have high permeability and
intake rates, coarse texture, or shallow depth to a water table are the most
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Figure 30-4. Relationship of microbial respiration rate to temperature and
moisture.

susceptible to nitrate contamination of groundwater. Those soils that have low
permeability and intake rate, fine texture, or steep slopes have a high runoff
potential and are the most susceptible to N runoff and erosional losses.

Phosphorus (P)
Organic P in agricultural manures is made available for plant growth
through the mineralization process. Phosphorus mobility depends on the P
adsorption capacity of a soil. Soils that have slow permeability and high pH,
lime, iron or aluminum oxides, amorphous materials, and organic matter
content have the highest P adsorption capacity. Adsorbed P is considered
unavailable for plant growth. Soil erosion and runoff can transport the P
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offsite and contaminate surface water. Conversely, soils that have high
permeability, low pH, and low organic matter have low P adsorption capacity,
allowing P to leach below the root zone. However, this soil condition seldom
occurs.

Potassium, calcium, and magnesium
Potassium, calcium, and magnesium converted from organic to inorganic
compounds during mineralization have similar reactions in the soil. Upon
dissolution, they become cations that are attracted to negatively charged soil
particles and soil organic matter. Potassium is less mobile than N and more
mobile than P. Leaching losses of potassium are not significant and have little
potential to contaminate groundwater. Calcium and magnesium can leach into
groundwater or aquifers, but they do not constitute a hazard to water quality
under good manure management practices.

Heavy metal and trace element
Heavy metals and trace elements are strongly adsorbed to clay particles
or soil organic matter and have very little potential to contaminate groundwater
supplies and aquifers. This immobilization is strongest in soils that have a
high content of organic matter, pH greater than 6.0, and cation-exchange
capacity of more than 5. However, application of organic manure containing
high amounts of heavy metals can exceed the adsorptive capability of the soil
and increase the potential for groundwater contamination.
Sandy soils that have low organic matter content and low pH have a
lower potential for retention of heavy metals. These soils have the highest
potential for heavy metal and trace element contamination of aquifers and
groundwater. Surface water contamination from heavy metals and trace
elements is a potential hazard if agricultural manures are applied to areas
subject to a high rate of runoff or erosion.

The soil is a very
effective manure
treatment system
if manures are
applied at the
proper rate.

The soil can
filter pollutants
and prevent them
from reaching
groundwater.
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Soil Characteristics
Manure application practices involve the spreading, injection,
incorporation, or irrigation of manure on, into, or upon land. The suitability,
limitations, or hazards associated with these practices depend upon and are
influenced by the geographical variability of the soil and soil properties
within the application area.
The soil is a very effective manure treatment system if manures are
applied at the proper rate. If the soil has been overloaded or if measures are
not taken to adequately protect wells, groundwater contamination may result.
The soil is a controlling factor in the groundwater recharge process because it
may hold the water in soil pores, release it to plant roots or the atmosphere, or
allow it to pass through to the lower layers and groundwater.
The soil can filter pollutants and prevent them from reaching
groundwater. However, soils vary tremendously in their adsorption, or
filtering, capacity. As a result, under some conditions, pollutants may take
months or years to move from the land surface to the groundwater. Under
other conditions, they can flow almost directly into the groundwater. An
understanding of soil characteristics is essential in determining the
potential for groundwater contamination in a given situation. The following
soil characteristics are important in determining a soil’s ability to treat
manure products.
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Available water capacity
Available water capacity is a measure of the soil’s capacity to hold water
in a form available to plants. It is a function of soil porosity, texture, structure,
organic matter content, and salinity. Available soil water is estimated as the
difference between soil water content at field capacity and the permanent
wilting point. The available water capacity is generally expressed as the sum
of available water in inches to a specified soil depth. Generally, this depth is
5 feet or the depth to a root-restricting layer, whichever is less. Available
water capacity infers the capacity of a soil to store or retain soil water, liquid
manure, or mineralized manure solids in the soil solution. Applying manure
to land increases soil organic matter content, helps to stabilize soil structure,
and enhances available water capacity.
A balance of air, water, and nutritive substances at a favorable temperature
is important to a healthy microbial population and an effective filtration
system. For example, overloading the filtration system with liquid manure
that has high amounts of suspended solids causes clogging of soil pores and a
reduction of soil hydraulic conductivity. Management and timing of manure
applications are essential to maintaining soil filter systems. Climate, suspended
solids in the manure, and cropping systems must be considered to maintain
soil porosity and hydraulic conductivity.
The manure application rate should not exceed the long-term soil
decomposition rate, which depends on soil temperature and moisture content.
In areas where the soil temperature is warm for longer periods, the application
rates may be higher if the crop uptake of nutrients is also higher. Periods of
wetting and drying increase microbial decomposition and by-product uptake
by the crop and decrease potential soil pore clogging. In areas where the
temperature is warm for long periods, the application rates may be higher if
crops or other means of using the by-products of manure decomposition are
available. Tillage practices that maintain or improve soil tilth and reduce soil
compaction and crusting should be included in the land application part of
agricultural manure management systems. These practices help to maintain
soil permeability, infiltration, and aeration, which enhance the biological
decomposition processes.
The relative proportion of sand, silt, and clay in a soil determines its
texture. Sandy soils allow water to drain rapidly and limit the exposure time
of manure nutrients to the crop roots. Soils with a high proportion of clay
(clay soils are sticky when wet, and hard and clumpy when dry) are better
suited for holding the manure materials until the crops can use the nutrients.
As a result, groundwater contamination is less likely in clay soils.

The manure
application rate
should not exceed
the long-term soil
decomposition
rate, which
depends on soil
temperature and
moisture.

Cation-exchange capacity
Cation-exchange capacity (CEC) is an index of the soil’s capacity to
exchange cations with the soil solution. It affects the ability of the soil
to adsorb and retain cations and heavy metals. Cations are held to the
soil particles by adsorption and can be returned to the soil solution for
plant use by the exchange process.
Soils that have high CEC and organic matter can exchange and retain
large amounts of cations released by the manure mineralization process.
Conversely, soils in which the CEC is low have low potential for exchanging
and retaining these manure materials. The potential for agricultural manure
contamination of underlying groundwater and aquifers is highest for soils
that have low CEC and lowest for those with high CEC. Soils that have high
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Matching the
amount and
timeliness of crop
nutrient uptake
with the nutrients
in manure
applications can
reduce the hazard
for groundwater
contamination.

CEC can also have a low permeability rate, which increases the possibility
of manure-contaminated runoff on sloping soils.
The limitations for solid and liquid manure applications are slight for soils
that have a CEC of more than 15, moderate for those with a capacity of 5 to 15,
and severe for those with a capacity less than 5. Underlying groundwater supplies
and aquifers can become contaminated when manures are applied at high rates to
soils that have moderate or severe limitations because of their CEC. Matching the
amount and timeliness of crop nutrient uptake with the nutrients in manure
applications can reduce the hazard for groundwater contamination.

Depth to groundwater
Depth to groundwater is important primarily because it determines the
volume of soil through which a pollutant must travel before reaching the
groundwater. It also determines the amount of time that a pollutant is in
contact with the soil. Where the soil is fairly deep, the processes of filtration,
absorption and adsorption, biodegradation, and volatilization that occur in
the soil operate effectively. Conversely, shallow soils can adsorb only a
limited amount of pollutants. The pollution potential increases where the
soils are thin and the underlying bedrock is permeable, or where the water
table is near the surface.

Flooding

Flooding events
transport
surface-applied
manure off the
application site or
field and deposit
these materials in
streams, rivers,
lakes, and other
surface water
bodies.

Flooding is the temporary covering of the soil surface by flowing water.
Standing or flowing water during and shortly after rain or snowmelt is not
considered flooding. Flooding events transport surface-applied manure off
the application site or field and deposit these materials in streams, rivers,
lakes, and other surface water bodies.
Soils that have rare flooding potential (5 times or less in 100 years) have
slight limitations for the application of manure. Occasional (5-50 times in 100
years) is a moderate limitation for manure application, and frequent flooding
(50-100 times in 100 years) is a severe limitation.
Manure should be applied during the year when the probability of
flooding is low. Liquid manure should be injected, and solid manure should
be incorporated immediately after application. Incorporating and applying
manures when the probability of flooding is low reduces the hazard to
surface water.

Rock fragments
Rock fragments, stones, and boulders can restrict application equipment
and affect manure incorporation. Incorporating manures that have high solids
content may be difficult or impractical where
• Rock fragments between 3 and 10 inches in diameter make up more
than 15%, by weight, (10%, by volume) of the soil.
• Stones and boulders more than 10 inches in diameter make up more
than 5%, by weight, (3%, by volume) of the soil.
Because of this, manures applied to these areas may be transported offsite
by runoff and have the potential to contaminate the adjacent surface water.
Local evaluation of the site is required to determine if the size, shape, or
distribution of the rock fragments, stones, and/or boulders will impede
manure application or incorporation.
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Intake rate
The intake rate is the rate at which water enters the soil surface. Soil
porosity, bulk density, moisture content, texture, structure, and permeability
of the surface layer influence initial water intake. Continued water intake
rate is controlled by the permeability of underlying soil layers. If the applied
manure has large quantities of suspended solids and is applied at high rates
on soils that have high or moderate intake potential, soil macropore space
can clog and the soil intake rate is reduced. Conversely, application and
incorporation of manures to soils that have slow water intake potential
can increase soil structure and porosity, improving the potential water intake
rate. The short-term effect of application rates on soils that have a slow
intake rate may be pore clogging and surface runoff.
Application rates that exceed the irrigation intake rate may result in
surface runoff of manures, which have the potential to contaminate adjacent
surface water. Limiting application rates to the recommended amount, using
split applications, and applying only during the year when loss of moisture
to the atmosphere exceeds precipitation can lessen aquifer and water
table contamination.

Permeability rate
Permeability (hydraulic conductivity) is the quality of soil that enables
water to move downward through the soil. Permeability rate is estimated
from soil physical properties and is expressed in inches per hour.
Permeability rates affect runoff, leaching, and decomposition rates of
manures that are applied to or incorporated in the surface layer. Application
and incorporation of manures improve soil surface intake and permeability;
however, frequent applications at high rates can clog soil pores and
reduce soil surface permeability and intake.
Manures applied to soils that have a permeability of less than 0.2 inch
per hour should be incorporated (solids) or injected (liquids) into the soil,
reducing potential surface water contamination from erosion and runoff.
Reduced rate and multiple applications of liquid manure are recommended
for soils that have a permeability of more than 2 inches per hour.
Application of manure near the time of nutrient utilization of growing
crops should achieve similar results. Reducing the rate of application and
using split applications of manure solids on soils that have severe
permeability limitations can reduce the potential for contamination of
shallow aquifers.

Permeability
(hydraulic
conductivity)
is the quality of soil
that enables water
to move downward
through the soil.

Soil pH
Soil pH affects plant nutrient availability, manure decomposition rates,
and adsorption of heavy metals. Soils in which the surface pH is less than
6.0 have lower potential for plant growth (grain and forage crops) and low
heavy metal adsorption.
Limitations and recommendations are based on the lowest pH value of
the surface layer. Limitations for the application of agricultural manure are
slight if the pH in the surface layer is more than 6, moderate if it is 5 to 6, and
severe if it is less than 5. Continuous, high application rates of manure can
reduce soil pH. If large amounts of manure are applied to small fields or land
tracts, the soil pH should be monitored, preventing its reduction to levels that
affect plant growth.

13

MODULE D Land Application and Nutrient Management

Ponding
Ponding is standing water in a closed depression that is removed only by
percolation, transpiration, or evaporation. Manure applied to soils that are
ponded have a very high potential for contaminating the surface water.
Manure application on these soils should be avoided if possible. Low field
areas of these soils can become a collection point for salts.

Salinity

High soil salinity
interferes with a
plant’s ability to
absorb water from
the soil and to
exchange plant
nutrients.

Salinity is the concentration of dissolved salts in the soil solution and is
related to electric conductivity. Electrical conductivity is the standard measure
of soil salinity and is recorded as mmhos/cm. High soil salinity interferes
with a plant’s ability to absorb water from the soil and to exchange plant
nutrients. This interference reduces plant growth and seed germination and
limits the choice of crops that can be successfully grown. If soil salinity is a
potential hazard or limitation, crops that have high tolerance to salinity
should be used in the manure management system.
Salinity ratings are determined by the electric conductivity of the soil
surface. Limitations for the application of manures are very slight if salinity is
measured as less than 4 mmhos/cm, slight if it is 4 to 8 mmhos/cm, moderate
if 8 to 16 mmhos/cm, and severe if more than 16 mmhos/cm.
Soils that have moderate salinity limitations affect the germination of
some plants and affect the choice of crops that can be grown. Manures that
have a high content of salt can be applied to moderately rated soils, but
applications should be rotated among fields and rates should be reduced,
preventing an increase in soil salinity and further degradation of plant growth.
Applying manures that are high in salt to soils that have a severe rating should
be avoided, preventing an increase in soil salinity and further inhibition of plant
growth and organic matter decomposition.
Manures that have a low salt content and a high carbon-to-nitrogen (C:N)
ratio can be applied and will have a beneficial impact on soils that have a
moderate or severe salinity rating. Application of low-salt, high C:N ratio
manures to these soils improves water intake, permeability, available water
capacity, and structure. It also reduces salt toxicity to plants. Salts are moved
through soils by water movement. Salt buildup may be more of an issue in
arid climates or soils with poor permeability.

Slope
Slope is the inclination of the soil surface measured from a horizontal
plane and expressed as a percentage. The slope influences runoff velocity,
erosion, and the ease with which machinery can be used. Steep slopes limit
application methods, rates, and machinery choices. As slopes become steeper,
rainfall events will increase soil and manure erosion.
Limitations for the application of manures are slight if the slope is
less than 8%, moderate if it is 8% to 15%, and severe if it is more than
15%. Manure applied to soils that have moderate limitations should be
incorporated. Incorporation minimizes erosion and transport of manure
materials by runoff, reducing the potential for surface water
contamination.
Soils that have severe slope limitations have limited cropping potential
and are subject to excessive runoff and erosion. Permanent ground covers or
forests may be utilized to absorb nutrients and reduce erosion and runoff.
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Conservation practices that reduce potential water erosion and runoff
similarly reduce erosion and transport of manures and therefore should be
incorporated into the manure management system.

Manure Management Systems
Manures are almost exclusively used as soil amendments for agricultural
crop production. Solid manure, liquid manure, litters, composts, and lagoon
effluents represent the most common types of manure that are now applied to
soils through a variety of spreading, tillage, and irrigation practices. Although
manures are known to improve the physical properties of soils by adding
organic matter that helps to build soil structure, application rates are usually
based on the manure’s nutrient value. Because most manures are bulky,
heterogeneous, and relatively low-analysis fertilizer materials, the amount of
a manure required can easily be 10- to 100-fold the amount of commercial
inorganic fertilizer needed by the same crop. The logistical problems
associated with the storage, handling, transport, and application of literally
millions of tons of manures each year create formidable economic problems
for U.S. farmers, even if environmental constraints are not considered.
Nevertheless, the lack of widespread adoption of alternative end uses for
manures such as
• incineration as a fuel,
• composting for horticultural markets,
• enrichment and pelletizing with mineral fertilizers to facilitate wider
agricultural use, and
• re-feeding to other animals
has meant that land application of manures remains the only viable option for
most farmers.

Current Environmental Issues
Most agricultural best management practices for manures are now based
on providing sufficient N to meet crop requirements at a realistic yield.
Documented problems with nitrate (NO3)-N contamination of groundwaters
in areas with high animal densities have been the driving force to change this
approach. A number of emerging environmental issues such as
• eutrophication of surface waters by P in runoff,
• fate of trace elements,
• antibiotics, pesticides, and growth hormones in manure, and
• effects of pathogens in manure on human and animal health
have forced us to re-evaluate the N-based management of animal manure. All
nutrients, pathogens, and other materials in manure must be considered in
making the most economical, environmentally safe use of manure.

Solid manure,
liquid manure,
litters, composts,
and lagoon
effluents represent
the most common
types of manure
that are now
applied to soils
through a variety of
spreading, tillage,
and irrigation
practices.
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APPENDIX A
Environmental Stewardship Assessment: Soil Characteristics
Do the soils on current land application sites present any specific environmental risks? This assessment tool will
help you confidentially evaluate the environmental issues that relate to the soil characteristics of land application
sites. For an assessment of site-related characteristics (e.g., slope, flooding potential, and location relative to
surface water), see Lesson 33, Selecting Land Application Sites.
To complete, identify the Field IDs for four fields by listing those IDs under each of the three risk levels. For each
issue listed in the left column of the worksheet, read across to the right and check the statement that best describes
conditions for each field listed. If any blanks do not apply, leave them blank.
When this evaluation is completed for common manure application sites, use the information to (1) select
preferred land application sites; (2) identify higher risk application sites; and (3) determine sites requiring additional
conservation management practices to offset the higher risks associated with soil characteristics. This information
should be considered as a manure utilization plan is assembled (see Lesson 31, Manure Utilization Plans).

Available water capacity (see
Engineering Properties of Soil,
County Soil Survey)

< 3 inches

Your Land Application Sites →
Caution exchange capacity

Example: Home 80

Low Risk

3-6 inches

> 6 inches

✔
CEC is < 5.

Your Land Application Sites →
Rock fragments, stones, and
boulders

Moderate Risk

Example: Home 80

Example: Home 80

High Risk

Field ID

Soil Characteristics

CEC is between 5 - 15.

CEC is > 15.

✔
> 3% of the surface is
covered with stones and
boulders.

Between 0.1% - 3% of the
< 0.1% of the surface is
surface is covered with stones covered with stones and
and boulders.
boulders.

Your Land Application Sites →

✔

Permeability rate for slowest rate Perm rate < 0.2 inch/hr if
within top 12 inches of soil (see manure is surface applied
Engineering Properties of Soil
(surface water concern).
in County Soil Survey)

Perm rate of 0.2-2 inches/hr if
manure is surface applied.

Any perm rate < 2, manure is
injected or incorporated the
same day.

Perm rate > 2 inches/hr
(groundwater concern).
Your Land Application Sites →
Soil pH

✔
pH is < 5 or > 8.

Your Land Application Sites →
Salinity
Your Land Application Sites →

pH is between 5-6.

pH is between 6-8.

✔
> 16 mmhos/cm

8-16 mmhos/cm

< 8 mmhos/cm
✔

Reference: Agricultural Waste Management Field Handbook, Chapter 6, USDA Natural Resource Conservation Service.
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Glossary
Adsorption. Electro-chemical attraction of positively or negatively charged ions or molecules onto solids with an
opposite charge.
Amendment. Any substance used to alter the properties of a soil to make it more productive.
Anions. Negatively charged ions.
Available soil water. Estimated as the difference between the soil water content at field capacity and the permanent
wilting point.
Available water capacity. Measure of the soil’s capacity to hold water in a form available to plants.
Carbon-to-nitrogen (C:N) ratio. Ratio of the weight of carbon to that of nitrogen in an organic material.
Cation. Positively charged ions.
Cation-exchange capacity (CEC). Index of the soil’s capacity to exchange cations with the soil solution.
Chelated. To combine metals with soil organic matter to form large, stable molecules.
Denitrification. Chemical or biological reduction of nitrate or nitrite to gaseous nitrogen.
Electrical conductivity. Standard measure of soil salinity, which is recorded as mmhos/cm.
Eutrophication. Slow nutrient enrichment of streams, lakes, ponds, and reservoirs that decreases the oxygen
content.
Hydraulic conductivity. Rate of flow of water through a cross section of ground.
Hydrologic cycle. Movement of water on the land, in the ground, and through the air.
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Intake rate. Rate at which water enters the soil surface.
Leaching. Removal of a liquid from soils or other material by water.
Manure mineralization. Process where microbes digest and reduce the organic portion of the manure to inorganic
materials.
Nonpoint source (NPS) pollution. Pollution that takes place over a broad area and results in the release of pollut
ants from many different locations.
Pathogens. Disease-causing microorganisms such as viruses or bacteria.
Permanent wilting point. The moisture content of soil, at which a plant wilts so much that it does not recover when
placed in a humid, dark chamber.
Permeability. Quality of soil that enables water to move downward through it.
pH. Measure of the concentration of hydrogen ions in a solution.
Ponding. Standing water in a closed depression that is removed only by percolation, transpiration, or
evaporation.
Slope. Inclination of the soil surface from the horizontal and expressed as a percentage.

Index

(Page numbers highlighted in green are linked to corresponding text.)
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40. Emission from Animal
Production Systems
41. Emission Control Strategies
for Building Sources
42. Controlling Dust and Odor from
Open Lot Livestock Facilities
43. Emission Control Strategies
for Manure Storage Facilities
44. Emission Control Strategies
for Land Application

Module E.
Outdoor Air Quality

30. Soil Utilization of Manure
31. Manure Utilization Plans
32. Land Application Best Management
Practices
33. Selecting Land Application Sites
34. Phosphorus Management for Agriculture
and the Environment
35. Land Application Records and Sampling
36. Land Application Equipment

20. Planning and Evaluation of
Manure Storage
21. Sizing Manure Storage, Typical
Nutrient Characteristics
22. Open Lot Runoff Management
Options
23. Manure Storage Construction
and Safety, New Facility
Considerations
24. Operation and Maintenance of
Manure Storage Facilities
25. Manure Treatment Options

Module C.
Manure Storage and
Treatment

10. Reducing the Nutrient Excretion and
Odor of Pigs Through Nutritional Means
11. Using Dietary and Management Strategies
to Reduce the Nutrient Excretion of Poultry
12. Feeding Dairy Cows to Reduce Nutrient
Excretion
13. Using Dietary Strategies to Reduce the
Nutrient Excretion of Feedlot Cattle

Module B.
Animal Dietary Strategies

Module D.
Land Application and Nutrient
Management

50. Emergency Action Plans
51. Mortality Management
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Regulatory Assessment
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Module F.
Related Issues

1. Principles of Environmental
Stewardship
2. Whole Farm Nutrient Planning

Module A.
Introduction

This curriculum consists of 27 lessons arranged into six modules. Please note that the current lesson is highlighted.
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