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Tennessee Phosphorus Index

A Planning Tool to Assess & Manage P Movement

Nonpoint source phosphorus (P) pollution of surface waters is a complex set of processes that involves P application, its buildup in soils, and its transport to surface waters.  High P application in the form of fertilizers or manures can increase the risk of P transport to surface waters, but unless there is loss in runoff, the risk is minimal.  Extremely high soil test P also increases the risk of P enrichment, but there must be detachment and/or dissolution and transport of P before there is an environmental concern.  Excessive P in surface waters is an environmental concern. 

PHOSPHORUS CONCERNS IN THE ENVIRONMENT

Eutrophication can be caused by the nutrient enrichment of a water body.  Nutrient movement in runoff and erosion from agricultural nonpoint sources is a resource management concern.  The movement of phosphorus in runoff from agricultural land to surface water can accelerate eutrophication.  The result of eutrophic conditions and excessive plant growth is the depletion of oxygen in the water.  This is due to the heavy oxygen demand by microorganisms as they decompose the organic material.  Phosphorus is generally the limiting nutrient in fresh water systems and any increase in P usually results in more aquatic vegetation.  Society is concerned about maintaining clean drinking water.  This concern has forced the inclusion of a cost for removing the color, turbidity, taste, and odor associated with the high trophic condition and vegetation growth in surface water brought about by excessive nutrients.  Because of this concern, proper management of P in fertilizers, manures, and the soil is paramount in preventing nonpoint source pollution.

P INDEX CONCEPT

The P index is a planning tool to assess the site and management practices for potential risk of phosphorus movement to water bodies.  The ranking of the P index identifies fields where the risk of phosphorus movement is relatively higher than that of other sites.  When the parameters of the index are analyzed, it will become apparent that individual parameters could be influencing the index disproportionately.  These identified parameters should be the basis for planning corrective soil and water conservation practices and management techniques.  

The P Index uses eight specific field features and management practices to obtain an overall rating for each field.  The field features are split into two categories, a transport category and a source and management category.  Four field features are listed for each of the two categories.   Not all field features and management practices have the same influence and input because research has shown that relative differences exist in the importance of each to P loss.  Assigned to each of the field features and management practices are points of 1, 2, 4, and 8.  Based on a summation of the points in each category and multiplication of the points in the two categories, the field will fall into a rating of LOW, MEDIUM, HIGH, or VERY HIGH for the potential of P to move off-site. Once a preliminary screening has been made on the field, the P Index tool can be used to evaluate the value of implementing best management practices on the field.  In many cases a rating of “MEDIUM” can be achieved by implementing a combination of best management practices.  Development of the P Index for Tennessee was a joint effort by the USDA, Natural Resources Conservation Service and the University of Tennessee, Agriculture Extension Service with collaboration from the Tennessee Department of Environment and Conservation and the Tennessee Department of Agriculture.

DESCRIPTION OF TERMS

Part A: Phosphorus Loss Potential Due to Transport Characteristics

1. Hydrologic Soil Groups are categorized based on estimates of runoff potential.  Soils are assigned to one of four groups according to the rate of water infiltration when the soils are not protected by vegetation, are thoroughly wet, and receive precipitation from long-duration storms.

The four hydrologic groups are:

Group A:  Soils having a high infiltration rate (low runoff potential) when thoroughly wet.  These soils have a high rate of water transmission.
Group B:  Soils having a moderate infiltration rate (moderate runoff potential) when thoroughly wet.  These consist chiefly of moderately deep or deep, moderately well drained or well drained soils that have moderately fine texture to moderately coarse texture.  These soils have a moderate rate of water transmission.

Group C:  Soils having a slow infiltration rate (high runoff potential) when thoroughly wet.  These consist of soils having a layer that impedes the downward movement of water or soils of moderately fine texture or fine texture.  These soils have a slow rate of water transmission.

Group D:  Soils having a very slow infiltration rate (very high runoff potential) when thoroughly wet.  These consist chiefly of clays that have a high shrink-swell potential, soils that have a high water table, soils that have a claypan or clay layer at or near the surface, and soils that are shallow over nearly impervious material.  These soils have a very slow rate of water transmission.

NOTE:  If a soil is assigned to two hydrologic groups in the table, the first letter is for drained areas.

2. Erosion Potential is based on Table 1.  Erosion potential represents the risk of movement of sediment bound P in runoff.  Typically in conservation planning, soil erosion is calculated using RUSLE and the gully equation.  However, in order to expedite the P Index assessment process, Table 1 is used.

Table 1. Erosion Potential for Tennessee Soils


Length of Horizontal Slope (ft)

Slope %
Cover 
Texture of Top Soil
75
150
300

0 to 2
Bare soil or conventional tillage
All textures
Low
Medium
Medium


No-till row-crops with light to medium residues

Low
Low
Low


Pasture/Hay or No-till row-crops with heavy residues

Low
Low
Low

2 to 5
Bare soil or conventional tillage
Silt loam (West TN)
Medium
Medium
High



Silt loam
Low
Medium
Medium



Other
Low
Low
Medium


No-till row-crops with light to medium residues
Silt loam (West TN)
Low
Medium
Medium



Silt loam
Low
Low
Medium



Other
Low
Low
Low


Pasture/Hay or No-till row-crops with heavy residues
Silt loam (West TN)
Low
Low
Low



Silt loam
Low
Low
Low



Other
Low
Low
Low

5 to 12
Bare soil or conventional tillage
All textures
High
High
High


No-till row-crops with light to medium residues

Medium
High
High


No-till row-crops with heavy residues

Low
Low
Medium


Pasture/Hay

Low
Low
Low

> 12
Bare soil or conventional tillage
All textures
High
High
High


No-till row-crops with light to medium residues

High
High
High


No-till row-crops with heavy residues

Medium
Medium
Medium


Pasture/Hay

Low
Low
Low

Low = Manure application prior to normal rainfall poses a low or negligible threat to water quality if manure is applied at an appropriate agronomic rate.

Medium = Manure application prior to normal rainfall could pose a threat to water quality if suitable conservation practices and appropriate agronomic rates are not employed.

High = Manure application prior to normal rainfall can pose a serious threat to water quality. Under most circumstances, manure application would not be recommended without strict conservation measures employed.

3. Permanent Vegetative Buffer Width considers the filtering effect of permanent vegetative buffers or woods at outlets to surface water conveyances.  “Surface water conveyances” for the purposes of the P Index includes any permanent, continuous, physical conduit for transporting surface water, including permanent streams, and waterways and ditches that may only flow intermittently during the course of the year.  Filtering effect must be from sheet flow across the buffer.  Any concentrated flow across bare soil would require a structure to re-establish sheet flow across the buffer.  Research has shown buffers as effective BMPs to keep sediment and other potential pollutants from leaving the field.  Filter strips, field borders, contour buffer strips, and riparian forest buffers are all examples of vegetative buffers.  Permanent vegetative buffers must be installed, constructed, and maintained in accordance with the applicable NRCS Conservation Practice Standard.  Permanent vegetative buffers do not receive fertilizer or manure P application.  Fencing is needed to maintain permanent vegetative buffers in pastures; however, controlled grazing or hay harvesting will be permitted in the buffer to remove the nutrients contained in the plant biomass.

4. Non-Application Width from Surface Water Conveyance is the distance from the edge of the cropped area to the nearest surface water conveyance where no manure or fertilizer will be applied.

Part B: Phosphorus Loss Potential Due to Management Practices and Source Characteristics

5. Soil Test P considers the extractable P concentration for a 0-6 inch soil sample based on the Mehlich I soil testing procedure.  Recent studies have demonstrated that soil test P levels may only play a small role in determining the amount of P in runoff.

6. P (P2O5) Application Rate. The source of phosphorus as well as the quantity is an important predictor of soluble P in runoff.  Different multiplication factors are used for different P sources. The multiplication factor is highest for commercial fertilizer because of the greater availability and water solubility of phosphorus in these materials.  For manure, compost, and biosolids the multiplication factor is lower because more of the phosphorus in these materials is less available. Some phosphorus is organically bound or in an organic form and will be released over a longer period than the P in fertilizers. The multiplication factor for alum amended poultry litter is even lower.  A significant quantity of the phosphorus in poultry litter will react chemically with the aluminum in alum to produce relatively insoluble phosphorus compounds, significantly reducing the amount of soluble P in runoff. 

P Application Rate is based on the amount of P applied per acre per application event.  Example: If a producer wants to apply poultry litter to a fescue hay crop based on the nitrogen needs, how is the P application rate determined?  Suppose it is determined that 2 tons of poultry litter can supply the nitrogen needs to a fescue hay crop in the spring.  Typically, there is 60 lbs. of P2O5 per ton of litter.  The amount of P2O5 in 2 tons is 120 lbs., therefore 120 lbs. is used as the application rate in the P Index.  

One-time application based on multiply-year crop uptake of P.  Suppose it is determined that a P-based nutrient plan must be implemented and land applying 0.7 tons of litter per acre based on crop P needs is not practical or economically feasible with available equipment.  Then, a one-time application of litter can occur based on a multiple-year crop uptake of P as long as the resulting application rate does not exceed the one-year nitrogen needs of the crop.  Example:  If the nitrogen needs for the fescue hay crop is 3 tons of litter per year, then 3 tons [yearly N need] divided by 0.7 tons [yearly P need] = 4 years; meaning once every 4th year litter can be applied on this field for this crop at a one-time rate of 3 tons/ac).  

7. Application Timing considers historical weather data for periods where most rainfall occurs and the active growing period for crops in Tennessee.  The months where most rain occurs is also the time when crops are the most inactive. 

8. Application Method considers the risk for P movement based how it is applied to the field, whether it is surface applied or incorporated. 

Site-Specific Application of the P Index

Within fields, components of the P Index such as slope, hydrologic soil group, and distance to watercourse may vary greatly.  Thus, there may be an advantage to site-specific application of the P Index, to a resolution as small as field equipment can manage.  This can be useful in terms of avoiding manure or nutrient applications in sensitive areas of the field and applying variable rates based on soil and crop capacity to absorb and retain nutrients in other areas of the field.  However, it must be kept in mind that the P Index is only a crude estimator to rank sites on the relative risk of loss of P to surface water.  Therefore, while the site-specific microscale approach can have advantages, it may not be seen to have value by all users.  For some, a field level application of the P Index may be more appropriate. 

USE OF THE P INDEX

The P Index is an approximation of risk.  It was developed to rank relative risks, and its level should not be interpreted as an assurance of low P loss.  It is a planning tool that can be used in resource management planning and should direct conservation efforts.  The P Index can also provide a suite of management and conservation options available to a farmer to reduce the risk of P loss.  This should result in more rational, lower cost efforts to minimize the impact of intensive agriculture on water quality.  It may also be useful in identifying sites which do not have elevated soil test P, but which may also be prone to loss of surface P applications. 
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Part A: Phosphorus loss potential due to site and transport characteristics

Transport 
Phosphorus Loss Rating
Before Value
After Value


 (1 point)
(2 points)
 (4 points)
 (8 points)



Hydrologic Soil Group
A
B
C
D



Erosion Potential (Table 1)
-
Low
Medium
High



Permanent Vegetative Buffer Width **(ft)
>29
20-29
10-29
< 10



Non-Application Width from Surface Water Conveyance (ft)
>29
20-29
10-29
< 10






Part A:  Total Site Value:



**  Permanent Vegetative Buffer must be installed, constructed, and maintained in accordance with applicable NRCS Conservation Practice Standard.

Part B: Phosphorus loss potential due to source and management characteristics

Source
Phosphorus Loss Rating
Before Value
After Value


 (1 point)
 (2 points)
 (4 points)
(8 points)



Soil Test P Value
Low
Medium
High
Very High



P Application Rate

(lbs/ac)
0.20 x ______ lbs P2O5 applied as commercial fertilizer

0.10 x ______ lbs P2O5 applied as manure, litter, or biosolids

0.05 x ______ lbs P2O5 applied as alum to poultry litter at 100-lb per 1000 sq. ft. rate

OR

0.02 x ______ lbs P2O5 applied as alum to poultry litter at 200-lb per 1000 sq. ft. rate



Application Timing
June – Sept.
April, May, Oct., March or Nov. w/ winter cover
March or Nov. w/o winter cover, Feb. w/ winter cover
Dec., Jan., Feb.



Application Method
Injected
Incorporated within 5 days of application
Incorporated  more than 5 days after application
Surface applied (no incorporation)





Part B:  Total Management Value:



Before Value  -   Multiply Part A (_____) x Part B (_____) = ______ P Loss Rating

After Value  -   Multiply Part A (_____) x Part B (_____) = ______ P Loss Rating

*  The index numbers and the interpretations, as well as the whole document will continue to be reviewed and evaluated, and are subject to modification as further field testing and validation of the index continues.

Total Points from P Index
Generalized Interpretation of P Index Points for the Site

< 100
LOW potential for P movement from the field.  If farming practices are maintained at the current level there is a low probability of an adverse impact to surface waters from P losses. Nitrogen-based nutrient management planning is satisfactory for this site.  Soil P levels and P loss potential may increase in the future due to N-based nutrient management.

100 - 200
MEDIUM potential for P movement from the field.  The chance for adverse impact to surface waters exist.  Nitrogen-based nutrient management planning are satisfactory for this field when conservation measures are implemented to lessen the probability of P loss. Soil P levels and P loss potential may increase in the future due to N-based nutrient management.

201 - 300


HIGH potential for P movement from the field.  The chance for adverse impact to surface waters is likely unless remedial action is taken.  Soil and water conservation practices are necessary (if practical) to reduce the risk of P movement and water quality degradation.  If risk cannot be reduced, then a P-based nutrient management plan will be implemented.

> 301
VERY HIGH potential for P movement from the field and an adverse impact on surface waters.  All necessary soil and water conservation practices, plus a P-based nutrient management plan, must be put in place to avoid the potential for water quality degradation.







The U.S. Department of Agriculture (USDA) prohibits discrimination in its programs on the basis of race, color, national origin, sex, religion, age, disability, political beliefs, sexual orientation, and marital or family status.  (Not all prohibited bases apply to all programs.)  Persons with disabilities who require alternative means for communication of program information (Braille, large print, audiotape, etc.) should contact USDA’s TARGET Center at (202) 720-2600 (voice and TDD).  To file a complaint of discrimination, write USDA, Director, Office of Civil Rights, Room 326W, Whitten Building, 14th and Independence Avenue, SW, Washington, DC 20250-9410 or call (202) 720-5964 (voice and TDD).  USDA is an equal opportunity provider and employer.
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