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Nutrient Management
Planning: An Overview

Nutrient management traditionally has been concerned
with optimizing the economic returns from nutrients
used to produce a crop. More recently, nutrient
management also has begun to address ways to
minimize the negative impact of nutrients on the
environment. Programs such as the Chesapeake Bay
Program and the Nutrient Management Act in Pennsyl-
vania have focused attention on improving nutrient
management on Commonwealth farms.

The environmental problems associated with nutrients
most often are caused by animal manure. Applying
manure in excess of crop needs or at the wrong time,
or handling it improperly may release nutrients into the
air or water, where they no longer contribute to crop
production and may act as pollutants. The leaching of
nitrogen through the soil can raise groundwater nitrate
levels. In addition, runoff and erosion may increase
nitrogen and phosphorus levels in surface waters,
which can lead to eutrophication and related problems
such as algae scums, odors, and |oss of fish popula-
tions. Good nutrient management planning can help to
avoid some of these problems.
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NUTRIENT MANAGEMENT PLANNING

Nutrient management plans are not new. All farmers have a
plan for using the manure produced by their animals. In
many cases, however, this plan is very informal and ad-
dresses only manure disposal and possibly the crop response
to the manure nutrients; environmental concerns usually are
not addressed. Changing regulations now require farmers to
implement more formal nutrient management plans that
address environmental issues.

A basic nutrient management plan includes the following:

« Aninventory of nutrient sources on the farm, including
manure and crop residues.

« Nutrient analyses of each of these sources. The composi-
tions of many of these sources may vary considerably, so
“book values” may be inadequate for planning purposes.

« Handling and storage procedures for minimizing the
potential for nutrient loss around the barnyard.

. Listsof cropsand crop rotations by field, or crop groups
and expected yields.

« Soil tests to determine the nutrient needs of the crops to
be grown.

. Prioritization of the fields based on maximizing the
economic benefit and minimizing the environmental
impact of the manure nutrients.

« Procedures for when and how to apply the manure to
maximize the economic benefit and minimize the envi-
ronmental impact of the nutrients.
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« A practical manure spreading rate for each field that does
not apply the nutrient of greatest environmental concern
in excess of the crop needs.

. Best management practices that minimize the potential
for nutrient loss from the fields.

« Nutrient balances for each field to indicate any additional
nutrient needs for the crop and/or any excesses that might
be of concern.

. Plansfor dealing with any excess manure produced on the
farm.

While al manure nutrient management plans should contain
these basic plan elements, the actual plans themselves will
take on many forms.

DEVELOPING A NUTRIENT MANAGEMENT PLAN

A nutrient management plan can be written with paper and a
pencil or developed with computer software. The key
concept is that the plan allocates the available manure
nutrients in away that maximizes the economic benefit of
the nutrients while minimizing their environmental impact.
The basic steps in devel oping a nutrient management plan
are asfollows.

o Thefirst step in developing a plan for manure man-
agement isto collect information about the manure
production, nutrient content, and application system(s)
for thefarm.

Many factors affect the amount of manure produced and the
nutrients it contains. These include the type of animal and its
age, ration, and feed consumption; the animal’ s manage-
ment, including the bedding used and the length of time the
animal is confined as the manure is collected; and the
handling of the manure before and during field application,
including potential drying and dilution by waste water or
precipitation.

Manure production can best be determined by measuring the
amount of manure contained in a manure storage. On farms
that do not have a storage or when it isimpossible to
determine the amount in a storage, manure production can be
estimated from animal numbers, animal weights, and
confinement times. Tables that list the average daily manure
production for various types of livestock and the average
amounts of nutrients in the manure are available.*

Manure nutrient content should be determined by a manure
analysis. “Book” values for the nutrient content of agiven
type of manure are averages taken from many farms.
Because of farm-to-farm variability, these averages are of
little value in decision making on an individual farm.
Manure sample analysis results in Pennsylvania have
indicated a very wide range in nutrient content for seemingly
similar samples of manure taken from different farms, and
we have observed as much as 100 percent error between
book values and actual manure nutrient content values.

o Thesecond step isto determinethe nutrient require-
mentsfor the cropson the farm.

The nutrient requirements preferably for individual fields or
groups of fields with the same crop and very similar rotation
and nutrient application histories must be determined. Soil
tests are the best source of information about crop nutrient
requirements. Soils contain awide range of available nutrient
levels, and different crops have very different nutrient
requirements. The expected yield of the crop also will affect
the amount of nutrient required. For example, a corn crop
requires alarge amount of nitrogen and a smaller amount of
phosphate and potash. An afalfa crop, however, requires no
nitrogen, some phosphate, and a large amount of potash.

In general, forage crops such as hay or corn silage will use
more nutrients than grain crops. A rotation of grain and
forage crops will require nutrients very different from those
needed by either of the individual cropsgrowninafieldina
given year. These facts become very important when manure
is used to meet crop nutrient needs. Tables of crop nutrient
requirements are available. All sources of nutrients must be
considered in developing a manure application plan. Other
sources of nutrients must be subtacted from the crop
requirments to determine a net nutrient requirement before a
manure rate is detemined. These might include: fertilizer
applied regardless of manure applications, such as starter
fertilizer; residual nitrogen from a previous legume crops;
and residual nitrogen from past manure applications.*

o Thethird step isto prioritizethe farm fields on the
basis of their suitability for manure application.

Using soil tests, the fields' cropping and manure application
history, the planned crop rotation, and other characteristics
such asfield location, slope, and soil characteristics, rank the
fields for manure applications from highest to lowest. Some
of the factorsinvolved in thisranking areillustrated in

Table 1.

. Thefourth step isto determinethe availability of
manur e nutrients.

The actual fertilizer value of the manure will depend on how
the manureis handled and used. The nutrientsin manure are
not as readily available as fertilizer nutrients are, and this
must be taken into account when manure application rates
are determined. Manure nitrogen is especially susceptible to
losses and is very sensitive to management practices such as
soil incorporation following application. For example, if
dairy manure isincorporated on the same day that it is
spread, about half of its N will be asreadily available as
commercia fertilizer N would be. If this manureis|eft on
the surface with no incorporation for aweek or more,
however, only 20 percent of the N will be available for crop
uptake in the current year. Tables and cal culation worksheets
are available to help you estimate the availability of the
manure nutrients in your management system.*

* See the current Penn Sate Agronomy Guide for details.



Table 1. Factors involved in field prioritization for
manure applications.

Nutrient Considerations

Prioritization for Manure

Nutrient High Low

crop N needs  N-requiring crops crops not requiring N

N requirement highest lowest
N requirement N requirement

residual N lowest residual N  highest residual N

P soil test level lowest P level highest P level

K soil test level lowest K level highest K level

Environmental Considerations
Proximity to water bodies, sinkholes, flood plains, and
drinking water sources/wellhead protection areas

Soil Limitations (See your local NRCS)
Leaching, erodibility, and runoff potential

Vegetative Cover
Presence of a growing crop, crop residue, or cover crop

Other Considerations
Distance from source to fields, neighbors, etc.

. Thefifth step isto determine the appropriate manure
application rate and allocate the available manureto the
fieldsin the established priority order.

The rate calculations are based on meeting the net nutrient
requirement for the nutrient of principal concern (usually N
or P). If therateis based on N, the manure analysis must be
adjusted for N availahility. The best approach to determining
an environmentally sound manure application rateis to use
the rate that does not apply any nutrient in excess of the soil
test’s recommendations. In our experience, Pis usually the
limiting nutrient when this approach is followed.

For fields where there is a crop rotation, base the calculations
for this limit on the nutrient needs of the entire rotation rather
than on the current crop only. In Pennsylvania, we typically
base the manure application rate on N and try to minimize
excess P and K applications based on the rotation require-
ments. In practice, many farmers still apply excess P and K.
Since the major loss pathways for P and K are field runoff
and erosion, good soil conservation practices are critical in
minimizing the environmental effect of excess P and K
applications in manure. For more information about making
application rate calculations, see Penn State’'s Agronomy
Facts #55, Estimating Manure Application Rates.

. Thesixth step isto adjust the calculated manurerates
for practicality.

Thisusually resultsin the grouping of the fields into one or
afew standard manure application rates that the farmer is
able and willing to apply. Manure spreader calibration
information is agood guide for determining these

practical rates. Using these standard rates, the available
manureis allocated to the fields in priority order until all of
the manureis allocated or al of the fields have been
fertilized. If manure remains, aplan is developed to remove
it from the farm, or the cropping program is adjusted to use
up small excess amounts.

. Theseventh step isto compar e the nutrients supplied
in the manure to the needs of the crop to determineiif
additional nutrientsarerequired or if a serious excess of
any nutrient isbeing applied.

Deficiencies can be handled by applying supplemental
fertilizer nutrients or manure from other sources. Serious
excesses must be evaluated in light of the nutrient needs of
the crop rotation and the potential impact area of the
nutrient loss, and may require a change in the manure
application plan. The Phosphorus Index (PI) is a good tool
to evaluate the risk of excess P loss to the environment.

Finally, the plan must include appropriate best management
practices (BMPs) to protect water quality from nutrient
contamination. These BMPsinclude practices such as
manure handling and storage, barnyards, animal concentra-
tion areas, and stormwater runoff from field application
areas. A current, implemented farm conservation plan isan
important compliment to a nutrient management plan.

IMPLEMENTATION OF THE NUTRIENT
MANAGEMENT PLAN

« Manure always should be spread on fields uniformly and
at the planned rates.

« Manure spreader calibration is the key for implementing
the nutrient management plan. Procedures for calibrating
different types of manure spreaders are available.*

« Crop nutrient uptake is most efficient if manureis spread
as close as possible to the time when plants will use the
nutrients. The longer the manureisin the soil before the
crops take up the nutrients, the more susceptible those
nutrients will be to loss.

« The season in which manureis applied will affect the
nutrient availability for crops. The best timeisusually in
the spring, just before the crop will use the nutrients.
Summer also isgood if application to growing cropsis
possible. Fall and winter are the riskiest times to spread
because there islittle crop growth to use the nutrients
until the following growing season. A higher potential
for nutrient loss also exists during these seasons because
of frozen soils and high precipitation. If manure must be
applied in the fall and winter, the use of a cover cropis
highly recommended.



Incorporation of manure into the soil as soon as possible
after it is spread resultsin the greatest nutrient availability
to crops and reduces nutrient losses, pollution, and odor.
One-half inch of soaking rainfall without significant
runoff is comparable to incorporation of surface-applied
manure.

Surface-applied manure may be lost through surface
runoff. On soils with a high erosion potential, conserva
tion practices such as stripcropping, contour farming,
crop residue management, cover crops, cropland terraces,
diversions, and grassed waterways can effectively reduce
the loss of soil and manure nutrients.

Be especidly careful with manure management in
environmentally sensitive areas such as near streams,
water bodies, or sinkholes; in areas where the potential
for concentrated water flow exists, particularly in the
winter; and near wells and springs. Nutrient application
buffer zones may be needed near these sensitive areas.
Since the amount of manure N that becomes available in
any given year isvery difficult to predict, the Pre-
Sidedress Soil Nitrate Test (PSNT) or the early-season
chlorophyll meter test are useful tools that can help
determine if the manure N is adequate to meet the needs
of acorn crop. For more information about these tests,
see Penn State’ s Agronomy Facts #17, Presidedress Soil
Nitrate Test for Corn, or # 53, The Early-Season Chloro-
phyll Meter Test for Corn.

Manure spreaders have been implicated as a major cause
of soil compaction on many farms. Avoid compaction by
staying off wet soils with heavy equipment.

Keep good records of manure application. Thiswill not
only document your good management, but also provide
valuable information you can use to make future plan
adjustments.

RESOURCES

This has been a brief introduction to the key concepts of
farm nutrient management planning. Successful implementa-
tion of nutrient management policy will involve full partici-
pation of abroad range of key stakeholders, including
farmers, the allied agriculture industry, allied public agen-
cies, policy makers, regulators, environmental groups, and
the consuming public. The following are some useful
sources of assistance and information about nutrient manage-
ment.

County Conservation Districts

Technical assistance and Loca Nutrient Management

Program administration

. Administer the Nutrient Management Act locally

. Maintain alist of commercial nutrient management
planners available to assist farmersin developing their
nutrient management plan

« Review and approve nutrient management plans

« Provide cost sharing for development and implementation
of nutrient management plans

Penn State Cooperative Extension

Educational programs and materials on nutrient management

« Penn Sate Agronomy Guide
Thisisthe primary source of information for developing a
nutrient management plan. Most of the book values and
factors referred to earlier can be found here.

- Nutrient management training

. Agronomy fact sheet series on nutrient management

« Soil testing and manure analysis program

« Outreach materials such as fact sheets, videos,
worksheets, etc.

Pennsylvania Department of Agriculture

Nutrient management certification and financial assistance
programs

« Precertification training

« Nutrient management specialist exams

« Financia assistance

Pennsylvania Department of Environmental

Protection

Other environmental quality programsin the state

« Manure Management Manual
Thisis another source of information for developing a
nutrient management plan.

« Chesapeake Bay Program

« Animal Feeding Operation (AFO) and Concentrated
Animal Feeding Operation (CAFO) programs



USDA Natural Resources Conservation Service

Technical assistance on choosing and installing nutrient

management and soil conservation BMPs

« Pennsylvania NRCSField Office Technical Guide

« Pennsylvania NRCSIrrigation Guide
These are other primary sources of information for
developing a nutrient management plan. The Field Office
Technical Guideisthe primary source of information
about manure management and conservation BMPs.

Commercial Nutrient Management Specialists
Development of nutrient management plans and plan
implementation assistance

WEB SITES

nutrient.psu.edu/
Portal to various nutrient management Web sites at Penn
State

panutrientmgmt.cas.psu.edu/

Main source of information on nutrient management regula-
tions and technical information related to the Pennsylvania
Nutrient Management Act. Includes links to related agency
Web sites.

nutrient.das.psu.edu
Livestock nutrient management information

agenvpolicy.aers.psu.edu/default.htm
Environmenta and water policy information

pswmr u.ar sup.psu.edu/phosphorus/nprp.htm
Phosphorus-based nutrient management information

agguide.agronomy.psu.edu/
Online version of The Penn State Agronomy Guide

Prepared by Douglas Beegle, professor of agronomy, Penn
State University
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