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Implementing a nutrient management plan can save on fertilizer costs 
while protecting water quality. The objective of nutrient management 

is to use nutrients (mainly nitrogen, phosphorus, and potassium) wisely 
for optimal economic benefit to the farmer while minimizing impact on 
the environment. Nutrients are essential for the growth of crops and 
must be supplied to plants in adequate amounts to achieve satisfactory 
yields and profits. Excessive application of fertilizers or manure can 
contribute to pollution of streams and groundwater resources and 
generally reduce profitability. A properly implemented nutrient 
management plan can assure the farmer that the correct amounts of 
nutrients are being utilized in the most efficient manner. 

Nutrients on a farm can be cycled, accumulated, or passed through. 
They can come onto a farm in the form of feed, commercial fertilizers, 
manure, or compost. Nutrients leave the farm through harvested crops, 
livestock sold, or manure moved off the farm, or they can be lost 
through the air or water. Some crops have the ability to fix nitrogen 
from the atmosphere and thereby contribute to the nutrient content of 
the soil. Grazing animals cycle nutrients in pasture systems by 
consuming forage and then depositing nutrients back to the land in the 
form of manure and urine. 

As a nutrient plan is developed, the long-term balance of soil fertility, 
plant uptake, and removal of nutrients and the potential loss of 
nutrients to the environment should be considered. An appropriate goal 
for the nutrient plan is to maintain a productive, fertile farm. A trend 
that indicates a decrease in the nutrient status of the farm means there 
will be a need to add nutrients in the future. A trend that suggests a 
continuing buildup of nutrients indicates a supply in excess of plant 
needs and will likely require a change in management to improve farm 
profitability and avoid potential environmental harm. 

This publication will look at these trends and other factors that must 
be considered when developing a nutrient management plan. Carefully 
planning how nutrients are managed will help protect the long-term 
sustainability and profitability of the farm. 
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What Is a Nutrient 
Management Plan? 

A nutrient management plan is an accounting of all nutrients present 
on the farm as well as all of the nutrients coming onto the farm in the 
form of commercial fertilizers or manure. The plan balances these 
nutrients with the amount of nutrients required for crop growth. 
Components of a nutrient management plan include: 
• Soil maps with field designations. 
• Crop plan. 
• Conservation practices plan. 
• Manure collection and storage facilities. 
• Manure nutrient content. 
• Manure utilization plan. 
• Records, including soil tests, fertilizer recommendations, manure 

applications, and yield estimates. 

On-farm nutrient cycling. 
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Adapted from: Natural Nutrient Cycle— 7 998 Project Food, Land, and People; Farm Nutrient Cycle—Douglas 
Beegle, The Pennsylvania State University 

Nutrient Sources 
Livestock Manure 
The nutrient content of animal 
waste is quite varied and often 
specific to animal type. Manure 
quality depends on the 
nutritional quality of the 
animals'feed, handling of the 
manure, and storage conditions. 

Commercial Fertilizers 
Plant nutrients are often 
supplied to agricultural systems 
in the form of chemical 
fertilizers. Nitrogen, phosphorus, 
and potassium are the three 
primary nutrients added to 
cropping systems, although 
many other nutrients may be 
used to promote plant growth 
and development. When 
commercial fertilizers are 
applied at rates that exceed the 
plants' ability to remove the 
nutrients at a given growth 
stage, fertilizer runoff can occur. 
This runoff may be harmful to 
nearby water resources and is a 
waste of fertilizer. 

Crop Residues 
Crop residues contain valuable 
nutrients that can be left in the 
field to build soil organic matter. 
Crop residues decompose to 
provide nutrients over time. This 
slower release of plant nutrients 
reduces the risk of nutrient 
runoff. 

Soil Mineral Weathering 
The weathering of minerals 
(rocks) in the soil can be a source 
of nutrients, especially 

phosphorus and potassium. This 
is particularly of interest in the 
Bluegrass region of Kentucky, 
where phosphorus is naturally 
present in high concentrations 
in the soil. 

Atmosphere 
Some plants, such as legumes, 
maintain symbiotic relationships 
with bacteria that can fix 

atmospheric nitrogen. Fixed 
nitrogen is available for the host 
plant and sometimes non-fixing 
plants grown in association with 
nitrogen-fixing plants. However, 
plants will preferentially uptake 
mineral forms of nitrogen when 
available, such as from chemical 
fertilizers. 
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A covered structure provides manure 
storage until the appropriate 
application time. 

A lined earthen basin is an 
appropriate storage structure for 
liguid manure. 

Liquid manure applications may be 
applied within 30 days of the 
beginning of crop growth unless 
heavy precipitation is forecast before 
the liquid could be absorbed into the 
soil profile. 

Apply animal manure when the crop 
can best use the nutrients it supplies. 

Manure Storage Systems 
A storage facility in an animal manure management system allows a 

producer control over the timing and scheduling of land application 
when: 
• It does not interfere with other farm work. 
• Field conditions are not too wet or frozen. 
• Favorable weather conditions may reduce off-farm odor complaints. 

The storage capacity should be based on these considerations. In 
Kentucky, a minimum storage capacity of 120 days is recommended to 
store the manure through the winter months when field conditions are 
often poor for application. In general, 12-month storage capacity for 
liquid manure systems gives the optimal flexibility for the situations 
cited above. If storage capacity is too small, the facility will fill before 
the manure nutrients can be used in an environmentally sound manner. 

A manure storage system can be: 
• A covered stack pad for solid manure with leachate collection. 
• An above- or below-ground tank for liquid manure. 
• A lined earthen basin to store or treat large volumes of liquid manure. 

Selecting the most appropriate storage system depends on available 
capital and labor, manure sources, animal production system, soil type, 
cropping practices, topography, neighbors, convenience, aesthetics, and 
regulations. All storage systems are balances and compromises among 
these competing priorities. Economics and environmental regulations 
are key considerations when choosing a manure storage system. 

Other items to consider are the amount and type of land available for 
application, fresh water resources, and required odor control measures. 
The manure storage system selected should not be based solely on 
available equipment and facilities. All items should be considered to 
avoid costs associated with inefficient manure handling. 

Stored manure nutrients can be applied to the land by: 
• Surface application with a box or tank spreader wagon, followed by 

a light tillage operation to increase nitrogen retention and reduce 
odors. 

• Liquid injection from tank wagons. 
• Irrigation with an option to incorporate the nutrients into the soil. 
• Towed hose, continuous injections with tractor-mounted tool bars. 

Irrigation reduces soil compaction and increases time available for 
manure application since post-planting application can occur. Land 
application can be performed by custom applicators. It reduces capital 
expenses and labor, but timeliness of application could be limited by 
the availability of an operator. Irrigation has the drawback of increased 
odor production. 
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Planning Manure 
Applications for Crop 
Production 
Step 1. Soil Testing 

Planning should start with taking a representative soil sample from 
the field and having it tested to determine the current fertility status. Soil 
pH, phosphorus, and potassium are the primary factors to consider. 
Other nutrients, such as calcium, magnesium, and organic matter, could 
be useful also, especially for long-term comparisons. Testing should be 
done by the University of Kentucky Soil Testing Laboratory. Other 
laboratories may be used if they have the same procedures as the 
University of Kentucky Soil Testing Lab. Extension publication AGR-1, 
Lime and Fertilizer Recommendations, lists the testing method used to 
develop soil test recommendations in Kentucky. 

County Extension offices can provide information on how to take soil 
samples. They can also provide sample containers, record forms, and, in 
some cases, soil probes for taking samples. They will arrange to have 
samples tested and provide fertilizer recommendations based on the 
results. Soil samples should be taken well ahead of the time that 
manure applications are planned. It will take several weeks to get 
samples taken, have them tested, and determine fertilizer 
recommendations. If spring applications of manure are planned, it is a 
good idea to take samples in the fall. Likewise, soil samples taken in the 
spring will give time to plan manure applications for fall. 

A good soil test is the only way to be sure enough nutrients are 
available for crop needs and to prevent the levels of some nutrients 
from becoming high enough to threaten water quality. 

Step 2. Manure Testing 
Although average "book values" of the nutrient content of manures 

can be used for short-term planning of manure application rates, 
farmers need to determine more accurate values for the manure they 
will be using in order to develop good long-term plans. This means that 
manure samples should be taken as soon as possible in the planning 
process to get a representative sample. In the case of broiler litter to be 
applied as soon as it is removed from the house, samples can be taken 
in the house between the last two flocks raised just prior to cleanout. 
However, if the litter is to be stacked for some time before it is to be 
applied, samples should not be taken until a fewr weeks before it is to 
be applied because nutrient content changes during storage. 



Varying Nutrient 
Needs 
Some examples of varying nutrient 
needs based on the factors 
mentioned are: 

Crop—Corn and soybeans have 
very different needs. Corn must have 
nitrogen supplied, while soybeans 
obtain their own through nitrogen 
fixation. 

Yield—A 200-bushel per acre corn 
crop requires much higher fertility 
than a WO-bushel corn crop. 

Soil type—The predominant soil 
type in a field affects yield potential 
and the availability of nutrients to 
crops. Soil characteristics such as 
depth, drainage, and ability to 
supply moisture are important. 

Previous crop—Some crops, 
especially sod crops, build up 
nitrogen that can become available 
to succeeding crops. 

Prior manure applications—Some 
of the nitrogen in manure is released 
slowly as the manure decomposes. 
This nitrogen will become available 
a year or more after it is applied. 

Soil test—Results of a good soil test 
show what is already in the soil's 
nutrient "bank." These nutrients can 
be drawn on to provide for the needs 
of the next crop. Without a soil test, 
either an "overdraft" or excess of 
nutrients is likely to occur. 

For liquid manure systems, such as holding ponds or lagoons, the 
best time to get a representative sample is when the manure will be 
agitated during pumping prior to application. Sampling at this time 
means the test results cannot be used to plan current application rates. 
This is a case where book values can be used for the short-term, then 
modified in the future based on the sample analyses. It should be 
remembered that a bad sample (one that does not represent the manure 
being applied) is much worse than no sample at all because it can lead 
to poor long-term nutrient management. 

Information on sampling and testing animal manure is available in 
Extension publication ID-123, Livestock Waste Sampling and Testing. 
This publication and other information regarding the utilization of 
animal manure as a nutrient source is available at county Extension 
offices. 

Step 3. Determining Crop Nutrient Needs 

The nutrients that need to be applied to grow a crop depend on: 
• The crop to be grown. 
• Realistic yield goals. 
• Predominant soil type and drainage. 
• The previous crop. 
• Prior manure applications. 
• Soil test results. 

Fertilizer recommendations made by the University of Kentucky 
Cooperative Extension Service take all of these factors into 
consideration. Other factors such as nutrient source (commercial 
fertilizer or manures), timing, and method of application can also affect 
the application rate. Extension publication AGR-1, Lime and Fertilizer 
Recommendations, can be used to determine crop nutrient needs. 

Step 4. Calculate Manure Application Rates 

The rate of manure to apply for a particular crop depends on: 
• The nutrient needs of the crop as determined in Step 3. 
• The nutrients available from the manure to be used. 
• Selecting a nutrient to base the application rate on. Rates are usually 

based on how much nitrogen or phosphorus the crop needs. 

Information on how to calculate manure application rates for crops 
grown in Kentucky is given in Extension publication AGR-146, Using 
Animal Manures as Nutrient Sources. A worksheet is included that takes 
into account the nutrient recommendations, any residual nitrogen from 
manure, nutrients in pre-plant fertilizer, and the availability of nutrients 
in manure. A manure rate can then be calculated to supply either the 
nitrogen, phosphorus, or potassium recommended for the crop. A 
balance sheet also can be used to determine if additional nutrients are 
needed. Computer-based spreadsheet programs are also available to 
calculate application rates. 
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Manure should not be 
applied on frozen or 
snow-covered fields 
where subsequent 
rains could wash the 
manure off the field 
before it has a chance 
to move into the soil. 

Spring is the best time to spread 
manure for a summer crop such as 
corn. 

It must be remembered that nutrients in manure, especially nitrogen, 
are not as readily available to crops as nutrients in commercial 
fertilizers. Therefore, it is necessary to calculate manure rates based on 
nutrient availability to be sure crop nutrient needs are met. 

Step 5. When Should Manure Be Applied? 
The most important factor in determining when manure should be 

applied is when the crop can best use the nutrients. For annual crops 
such as corn, this usually means spreading manure just before seeding. 
For perennial crops, such as pasture or hay, timing of application is 
much more flexible. Most Kentucky farms have some fields that manure 
can be applied on during any season. Following are some examples: 

• Fall—Kentucky has large acreages of cool-season pasture and hay 
fields that could benefit from fall applications of manure. Wheat 
fields and crop fields with cover crops are also good choices. Manure 
should not be applied in fall on crop fields that do not have a cover 
crop to take up and hold nitrogen. 

• Winter—Opportunities for manure application in winter are limited. 
The best options are on cool-season forages and small grains in 
Febaiary or March. Manure should not be applied on frozen or 
snow-covered fields where subsequent rains could wash the manure 
off the field before it has a chance to move into the soil. Manure 
should not be applied in winter on crop fields that do not have a 
cover crop to take up and hold nitrogen. 

• Spring—Spring is the best time to spread manure for a summer crop 
such as corn. Manure spread in early spring will lose less nitrogen 
and have the most nutrients available at the time the crop needs 
them. Spring is not the best time for applying manures to cool-season 
forages, especially after early April. Nitrogen losses from the manure 
will be greater at this time, and weed competition could be 
increased. 

• Summer—Manure spread in the summer will have the greatest risk 
of nitrogen loss through ammonia volatilization. However, if storage 
facilities need to be emptied, there are options for use. Manure can 
be applied on alfalfa fields during summer. Select fields with older 
stands of alfalfa, and apply manure as soon after harvest as possible. 
Warm-season grass fields used for hay are one of the best options for 
manure application in summer. Sudangrass responds well to manure 
applied following harvest in July or August. Manure can be applied 
on bermudagrass fields any time after a harvest during the summer. 
Bermudagrass is a heavy user of nutrients, and if it is removed as 
hay, nutrient accumulation in the soil is reduced. 
Manure should be applied close to the time the crop will need the 

nutrients it supplies. In order to accomplish this, it will be necessary for 
some farmers to store manure for several months. This need should be 
taken into account when planning for an animal production enterprise. 



The greatest benefits 
from any nutrients 
applied to the land 
are derived when 
those nutrients 
remain where they 
were placed. 

The Nutrient Value 
of Manure 

The value of manure is highly dependent on the nutrient status of the 
field to which it is applied, the nutrient content of the manure, the 
nutrient needs of the crop to be grown, and the comparative cost of 
purchasing nutrients from other sources. 

The value of any nutrient source is greater when applied to a soil 
that has a low soil test level for the nutrient(s) being supplied. Manure 
nutrients in excess of the amount recommended from a soil test are not 
given any value for comparison. Analysis of a manure sample will 
determine its nutrient content. Depending on the animal species, 
manure storage methods, and land application methods, the relative 
amount of nutrients available to plants can be estimated. 

An economic value can be assigned to manure by multiplying these 
estimates by the cost of purchasing nutrients as commercial fertilizer. 
This gross value does not reflect differences in the cost of applying 
manure to the land versus the cost of applying commercial fertilizer. It is 
not advisable to determine an economic value of manure based on 
book or average values because nutrient content can vary greatly due to 
animal species, manure collection and storage, composition of livestock 
rations, amount of bedding, and the amount of water added. 

Annual applications of manure will also add organic matter to the 
soil. However, this added value is inconsistent and difficult to determine 
but does provide an additional benefit to the soil. 

Nutrient and Manure Use 
Benefits from Conservation 

The greatest benefits from any nutrients applied to the land are 
derived when those nutrients remain where they were placed. A key 
factor for maximizing contributions to the soil is to minimize losses from 
runoff and erosion. Reducing the amount of runoff and erosion will also 
protect water quality of nearby streams and groundwater resources. 

Minimizing water contamination involves reducing the amount of 
nutrients and manure sediment reaching the water body. Many 
conservation practices for the control of runoff and sediment movement 
have been developed, researched, and implemented. These practices 
include changes in land management and cropping, as well as the 
installation of complementary structural devices. Any of these practices 
used individually or in combination are effective in reducing nutrients 
and sediment from moving to surface water bodies. 


