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 Phosphorus Control Practices for Dairy Waste Application Fields
Abstract
Phosphorus is recognized as a water quality problem due to its role in accelerating algal 
growth when supplied in abundance.  Dairy operations in north central Texas are potential 
sources of phosphorus, with transport occurring from waste application fields to water bodies 
during rainfall runoff events.  A risk assessment tool was developed as an aid in targeting 
fields with a high potential for phosphorus movement. The Phosphorus Risk Index was 
developed for use on dairies in north-central Texas and uses site characteristics such as 
erosion rate, runoff potential, soil test phosphorus levels, distance to water body, waste 
application method, rates and timing of waste application, vegetation, and grazing intensity 
to define a site’s vulnerability to phosphorus movement.  Site characteristics are placed into 
risk categories and weighted assuming certain characteristics have a greater vulnerability for 
phosphorus loss than others.  Summing the weighted risk ratings across site characteristics 
gives a total index value or vulnerability rating for a site.  The indexing procedure helps 
identify specific characteristics associated with phosphorus movement from a field. In this 
manner, management practices can be identified that address these site-specific phosphorus 
concerns in developing an overall waste management plan for a dairy or other types of animal 
feeding operations. This report reviews development and use of a Phosphorus Risk Index and 
presents an overview of management practices that could be implemented to help control 
phosphorus movement associated with individual phosphorus risk characteristics.
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Introduction
In land application of livestock wastes, most management plans have based application on 
nitrogen agronomic rates in an effort to minimize nitrogen pollution problems.  Nitrogen is an 
important focus for nonpoint source pollution control in that nitrate (NO3) is very mobile 
within the soil profile and can lead to contamination of groundwater (Keeny, 1983).  The 
Environmental Protection Agency (EPA) has established a Maximum Contaminant Level for 
NO3 as nitrogen in drinking water of 10 mg/L (EPA, 1999).  Blue-baby syndrome or 
methemoglobinemia can occur due to nitrate poisoning, which primarily affects infants under 
three to four months of age (Keeny, 1983).  Babies younger than three to four months have a 
higher stomach pH than older infants or adults. This higher pH makes them more likely to 
carry a bacteria in their digestive tract that can reduce nitrate to nitrite causing hemoglobin to 
transform into methemoglobin, which interferes with the oxygen-carrying ability of the blood 
(Amdur et al., 1991).  Nitrate can also be toxic to livestock in a similar manner, although the 
tolerance level of livestock is generally between 40-100 mg/L depending on species and diet 
(Sandstedt, 1990).

More recently, phosphorus (P) has become a national focus for animal waste management due 
to the impact of abundant phosphorus on water bodies in livestock intensive areas, such as 
Lake Okeechobee and Chesapeake Bay.  P runoff, while not considered directly toxic to 
humans or animals (Amdur et al., 1991), can have adverse environmental impacts on aquatic 
ecosystems when provided in excessive amounts.  In most freshwater systems, phosphorus is 
the limiting nutrient for algal growth, and thus, keeps the growth of algal populations under 
control (Gibson, 1997).  Eutrophication refers to the increase in productivity associated with 
nutrient enrichment in lakes and streams. Eutrophication is a natural process, but when 
nutrient loading to a water body is accelerated by humans, cultural eutrophication may occur. 
Cultural eutrophication refers to the excessive growth of algae and specifically the algal 
blooms that can occur when abundant nutrients are available.  Cultural eutrophication can 
restrict water use for recreation, industry, fisheries, and drinking due to the increased growth 
of undesirable algae and aquatic weeds. 

When an algal bloom occurs, water clarity generally decreases as the water takes on a greenish 
color. Algal mats may form. Mats of filamentous or branched algae interfere with swimming, 
boating, and fishing. Algae from a bloom may also weaken or kill submerged aquatic plants 
by blocking sunlight needed for photosynthesis. In addition, algal blooms can harm fish and 
other aquatic life by decreasing the oxygen available in the water. Algae, like all plants, 
requires oxygen for respiration. A sudden increase in the population of algae can cause large 
diurnal swings in the oxygen supply of a water body leading to a depletion of oxygen, 
particularly at night. At night, algae use oxygen in respiration but are not supplying oxygen 
through photosynthesis. The decay of algae from a bloom can further deplete oxygen levels as 
decomposition of algae requires a high level of oxygen. Algal blooms can, thus, reduce oxygen 
levels below tolerable limits for many aquatic species causing fish kills or the die-off of other 
aquatic life (Boyd, 1990). 

From a drinking water perspective, algal blooms are undesirable, because they significantly 
increase water treatment costs by increasing filtration and disinfection requirements (Walker, 
1983). By-products of algal decay, such as geosmin and MIB (2-methlylisoborneol), can lead to 
taste and odor problems (Izaguirre, et al., 1982). Some by-products of algal decay can lead to 
the formation of chlorinated hydrocarbons, such as trihalomethenes (THMs), as increased 
chlorine is used to compensate for increases in organic matter and ammonia from the algae 
(Rook, 1976; Martin and Cooke, 1994). THMs are undesirable because they exhibit, or are 
suspected of having, carcinogenic and/or mutagenic properties (Palstorm et al., 1988; Martin 
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and Cooke, 1994). Algal blooms of cyanobacteria or blue-green algae may even release toxins 
that can be life threatening to both livestock and humans if ingested (Codd, 1995).

While the presence of some algae is necessary to maintain a balanced aquatic ecosystem, algal 
blooms resulting from cultural eutrophication are undesirable. In systems where P is the 
nutrient limiting algal growth, controlling the supply of P is one of the most effective and 
achievable means of controlling cultural eutrophication and, thus, algal blooms (Holland, et 
al., 1989). Management practices to control the loss of phosphorus from animal waste 
application fields to surface waters need to be site-specific. Different sites will have different 
characteristics that make them more vulnerable to P movement than other sites. Site specific 
risk characteristics such as erosion and runoff potential, background soil test phosphorus 
levels, and manure application rates should be jointly considered in planning phosphorus 
control practices for animal waste application fields. Tools such as the phosphorus assessment 
tool proposed by Lemunyon and Gilbert (1993) or the risk categorization provided in the 
Welsh Code of Good Agricultural Practice (MAFF, 1991) provide a basis for considering and 
weighting site characteristics associated with potential phosphorus loss.

The purpose of this report is to review management practices that might be implemented on 
an animal waste application field to control the movement of P in the context of a P Risk 
Index. The P Risk Index presented is similar to the phosphorus assessment tool proposed by 
Lemunyon and Gilbert (1993).  The P Risk Index herein specifically addresses dairy waste 
application fields in north-central Texas. The P Risk Index is being implemented on seven 
dairies within the Goose Branch microwatershed as part of a larger USDA project addressing 
water quality issues within the Bosque River watershed (McFarland et al., 1998). As part of 
this Clean Water Act Section 319(h) project, field plots on these dairies are being evaluated to 
demonstrate some site-specific P control practices (McFarland, et al., 2000a).

The Goose Branch Phosphorus Risk Index
As part of a voluntary demonstration project to decrease phosphorus runoff into the North 
Bosque River located in central Texas, the USDA NRCS, TSSWCB and TIAER are working 
with dairy farmers in the Goose Branch microwatershed to identify and implement 
phosphorus control practices for manure application.  Field plots are being used to 
demonstrate specific phosphorus management practices as part of a Clean Water Act section 
319(h) project.  The Goose Branch microwatershed encompasses 1,420 ha (3,500 acres) and is 
located in the headwaters of the North Bosque River within Erath County, the number one 
milk-producing county in Texas (Figure 1).  Nutrient enrichment of the North Bosque River is 
a concern, particularly in regard to high phosphorus concentrations and loadings leading to 
the eutrophication of downstream waterbodies (McFarland and Hauck, 1997; 1998). In the 
Bosque River watershed, algal bioassays identify P as the nutrient most limiting algal growth 
along the North Bosque River (McFarland, et al., 2000b; Matlock and Rodriguez, 1999) and 
within Lake Waco (Kiesling et al., 2000; Dávalos-Lind and Lind, 1998).
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Figure 1 Bosque River watershed.

To aid in decreasing phosphorus runoff from manure application fields, a Phosphorus Risk 
Index was developed specifically for manure management on dairy operations in this region.  
While developed regionally, the Phosphorus Risk Index is quite adaptable to other types of 
livestock and regions and is based on work by Lemunyon and Gilbert (1993).  The NRCS is 
currently promoting the development of state or regional P Indices for use in conjunction with 
NRCS Conservation Practice Standard for Nutrient Management (Code 590) to aid in 
management planning. Since the development of the Goose Branch P Risk Index, several 
states have released various P assessment tools including one for Texas (NRCS, 2000). The 
Goose Branch P Risk Index is being used to help in manure management planning on 7 dairies 
within the Goose Branch microwatershed involving the assessment of 112 individual fields.  
Continued field assessments are planned for four years (1997-2000) in conjunction with in-
stream monitoring of Goose Branch.  Field plot monitoring of specific phosphorus 
management practices is being conducted as part of this section 319(h) project in conjunction 
with the USDA project within the Goose Branch microwatershed (McFarland, et al., 2000a).

The indexing characteristics for the Phosphorus Risk Index and the control practices 
recommended evolved over a series of meetings occurring in January and February 1997. The 
meetings included a variety of people involved with different aspects of land management 
and animal waste application. A list of the individuals involved and the agencies represented 
is presented in the acknowledgements.  The development team defined the following 
objectives for the Phosphorus Risk Index:
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1) To create a systematic and consistent way of evaluating the risk of phosphorus movement 
from fields

2) To identify "sensitive spots" or areas with a high potential for phosphorus runoff

3) To identify the cause or causes of unacceptable phosphorus risk in sensitive fields and use 
this information to select practices to best control that risk

4) To work as an interactive educational tool for field managers to measure the change in risk 
over time with changes in management practices.

The Phosphorus Risk Index, as developed for the Goose Branch microwatershed, uses nine 
site characteristics. For each characteristic, five risk categories are defined: VERY LOW (1), 
LOW (2), MEDIUM (4), HIGH (8) and VERY HIGH (16).  A base-2 risk rating is used to 
provide a distinct separation between risk categories.

The nine risk characteristics were subjectively weighted from 1.0 to 2.5 to reflect the relative 
importance of each characteristic in assessing the vulnerability of a site to phosphorus 
movement.  For example, the soil test phosphorus level of a field was considered more 
important in assessing the potential for phosphorus transport than the method used for 
applying manure. A weighting factor of 2.5 was assigned to the site characteristic of soil test 
phosphorus level, while a weighting factor of 1.0 was assigned to the site characteristic of 
manure application method. The nine site characteristics and associated weighting factors for 
the Goose Branch microwatershed are listed below:

Site Characteristic (Weighting Factor)

1.  Proximity to water body (2.0)

2.  Erosion potential (1.0)

3.  Runoff potential (2.5)

4.  Soil test phosphorus level (2.5)

5.  Manure application rate (2.0)

6. Manure application method (1.0)

7.  Timing of manure application (1.0)

8.  Vegetation management (1.5)

9.  Grazing management (2.0)

Once the primary risk factors have been diagnosed, a field by field prescription can be 
developed for the entire farming system.  The relative importance of each of the nine site 
characteristics outlined above for the Goose Branch Phosphorus Risk Index help define which 
management practices should best minimize the movement of P from a given site.  It should 
be noted that the nine site characteristic listed for the Goose Branch microwatershed were 
developed based on detailed discussions with area professionals involved with animal waste 
management issues.  These site characteristics are considered to be most important for the 
Goose Branch microwatershed, but other characteristics may need to be considered in other 
regions.  For example, groundwater contamination by phosphorus was not considered as an 
7
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important factor for the Goose Branch microwatershed, but probably should be considered in 
areas with highly organic soils, as found in the Coastal Piedmont region, or areas with 
extremely sandy soils, as in southern Florida.

A brief description of each site characteristics used in the P Risk Index will be discussed, along 
with suggested management practices that would best control the movement of phosphorus 
associated with each characteristic. A summary of the overall Goose Branch P Risk Index is 
provided in Table 1.

Table 1 Suggested criteria for categorizing parameters associated with the Goose Branch Phosphorus 
Risk Index.

Site Characteristic Measurement Unit
Risk Category

Very Low Low Medium High Very High

1. Proximity to water 
body

Distance field to 
water body in 
meters (feet)

> 304
(> 1,000)

152 - 304
(500 - 1,000)

61 - 152
(200 - 500)

9 - 61
(30 - 200)

< 9
(< 30)

2. Erosion potential 

t/ha (ton/ac) of 
sediment on an 

annual basis
< 2

(< 1)
2 - 7

(1 - 3)
7 - 11
(3 - 5)

11 - 34
(5 - 15)

> 34
(> 15)

3. Runoff potential 
Curve number 

and percent slope (See Table 2)

4. Soil test 
phosphorus 

(TAMU 
extractable P for 
a 0-15 cm (0-6 in) 
field sample) in 

ppm < 20 20 - 60 60 -100 100 - 200 > 200

5. Manure 
application rate

kg/ha 
(lbs/ac) P2O5 on 
an annual basis

< 22
(< 20)

22 - 67
(20 - 60)

67 - 112 
(60 - 100)

112 - 157 
(100 - 140)

> 157
(> 140)

6. Manure 
application method 

Solids Descriptive No application
Incorporate 
immediately

Dragged or 
aerated after 

surface 
application

Surface 
application 

without 
incorporation

Stacked in field 
then spread

Liquid Descriptive No application

Injection or 
irrigation from 

stormwater pond 
with application 

based on soil 
infiltration rate 
and plant needs

Traveling big gun 
system or tank 

system
Stationary big 

gun system

Overland flow or 
direct discharge 
due to problems 

with containment 
system

7. Timing of manure 
application Month Dec, Jan Nov, Feb, Mar Jul, Aug, Sep, Oct Apr, Year Round May, Jun

8. Vegetation 
management Descriptive

Perennial cover 
of Coastal in 

good condition; 
no grazing

Perennial cover 
of Coastal; 

grazed 

Rangeland or 
small grain; not 

grazed

Small grain or 
rangeland that is 

grazed
Essentially bare 

ground

9. Grazing 
management Descriptive

No to occasional 
grazing with no 
supplemental 

feed fed in field

Proper grazing 
use with 

supplemental 
feed fed equaling 

< 30% of dry 
matter intake

Proper grazing 
use with 

supplemental 
feed equaling 30 - 

80% of dry 
matter intake

Overuse of 
pasture with 
supplemental 

feed equaling 30 - 
80% of dry 

matter intake

Pasture denuded 
(some grass - not 

dry lot) with 
supplemental 

feed equaling 80 - 
100% of dry 

matter intake
8
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1. Proximity to Water Body
The proximity of the site to phosphorus sensitive waterbodies determines the overall need for 
considering a phosphorus risk management strategy.  That is, if the field of interest does not 
drain into a phosphorus sensitive water body or if phosphorus levels are not of primary 
concern in the drainage water body, then nitrogen or other factors might be the primary focus 
in considering the land application of animal waste.  If the field does drain into a phosphorus 
sensitive water body, then steps should to be taken to minimize the environmental risk of 
phosphorus movement into that water body.

The proximity of the field to a water body is an important site characteristic in accessing the 
risk potential of phosphorus transport.  The farther the travel distance, the less likely 
phosphorus is to enter the water body.  In the Goose Branch P Risk Index, distance to water 
body was measured as the distance from edge of a field to the nearest water body as indicated 
on United States Geological Survey (USGS) topography maps. Risk categories were defined to 
place fields further away from a water body at lower risk of impacting a water body than 
fields close or adjacent to a water body.  Risk categories for proximity to water body are as 
follows: > 304 m or >1,000 ft (VERY LOW), 152-304 m or 500-1,000 ft (LOW), 61-152 m or 200-
500 ft (MEDIUM), 9 - 61 m or 30-200 ft (HIGH) and <9 m or < 30 ft (VERY HIGH).

To reduce the risk of phosphorus transport due to proximity to a water body, management 
practices may be implemented to address the distance or rate at which phosphorus must 
travel, or structures may be implemented to divert phosphorus transport from the water body 
of interest.  Management practices that increase the travel distance or decrease the rate at 
which phosphorus is transported include vegetated buffer strips, riparian zones, and filter 
strips.  Management practices that divert phosphorus transport from a water body include 
edge-of-field retention and detention ponds, diversion channels, berms, and wetland areas.

2. Erosion Potential
P losses are often associated with sediment losses, because phosphorus readily binds with 
available calcium, iron, or aluminum particles in most soil types (Nelson and Logan, 1983). 
This is generally true except in very sandy soils or soils high in organic matter, which are less 
able to bind phosphorus (Harris et al., 1994). Erosion rate considers the risk of sediment 
bound phosphorus detaching and moving from a site using RUSLE (revised universal soil loss 
equation) based on current field crops and management practices (Renard et al., 1993). Field 
information needed to determine the erosion rate includes dominant soil type, soil hydrologic 
group, slope length, slope, and information on terracing and gullies. While phosphorus losses 
from cultivated lands are most often associated with sediment losses (Sharpley, 1997), erosion 
rate was given a weighting factor of only 1 for the Goose Branch microwatershed, because 

Table 2 Runoff potential categories as a function of runoff class based on curve number and percent 
slope (adapted from USDA-SCS, 1994).

Slope
(%)

Runoff Curve Number

< 50 50 - 60 60 - 70 70 - 80 > 80

< 1 Very Low Very Low Very Low Very Low Medium
1 - 2 Very Low Very Low Very Low Low Medium
2 - 4 Very Low Very Low Low Medium Medium
4 - 8 Very Low Very Low Medium High High

8 - 16 Very Low Low Medium Very High Very High
> 16 Very Low Low High Very High Very High
9
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soluble phosphorus is currently a larger water quality concern in Goose Branch than sediment 
bound phosphorus (McFarland and Hauck, 1997). Controlling sediment movement alone may 
not adequately control the movement of phosphorus from fields to waterbodies.  Dissolved 
phosphorus (DP) losses may actually increase with reductions in total phosphorus as shown 
in some studies comparing reduced tillage to conventional tillage practices (Sharpley et al., 
1994; 1995).  DP is important because it is immediately available for algal uptake, while only a 
portion of particulate phosphorus (PP) is bioavailable (Peters, 1981). Controlling PP, while 
important, is only a part of the site assessment needed in evaluating the overall potential for P 
movement from a site. 

Erosion Rate is placed into risk categories using RUSLE estimates on an annual basis as 
follows: <2 t/ha or < 1 ton/ac (VERY LOW), 2-7 t/ha or 1-3 ton/ac (LOW), 7-11 t/ha or 3-5 
ton/ac (MEDIUM), 11-34 t/ha or 5-15 ton/ac (HIGH) and >34 t/ha or > 15 ton/ac (VERY 
HIGH).

Erosion control practices focus on limiting the movement of phosphorus with sediment from 
the site.  Soil erosion is generally associated with highly erodible soils, sloping areas, and bare 
soils or soils with limited vegetative cover, such as recently plowed fields.  Management 
practices to control erosion are generally aimed at providing cover to the soil through such 
practices as reduced-tillage systems, crop residue management, or cover crops, or at stopping 
the movement of sediment through the use of best management practices (BMPs) such as 
terraces, vegetated waterways, or silt fences.

3. Runoff Potential
Runoff potential defines the likelihood of phosphorus movement via rainfall runoff.  Runoff 
potential was considered one of the key parameters in the Goose Branch microwatershed for 
indicating the potential for phosphorus leaving a field and entering into a water body, because 
most soluble and sediment bound phosphorus is expected to move via rainfall runoff in this 
region.

Runoff potential considers the runoff class as estimated from the USDA-NRCS curve number 
and percent slope of each field (Table 2; USDA-SCS, 1994).  Information needed for calculating 
the runoff potential includes land use, type of cover, condition class, and hydrologic soil 
group.

Practices that promote infiltration, thus, reducing the volume of runoff leaving a site, such as 
terracing, chisel plowing, buffer strips, and conservation tillage should decrease the risk of 
phosphorus movement.

4. Soil Test Phosphorus Level
Elevated soil test phosphorus (STP) levels are a direct source of increased DP in runoff (e.g., 
Abrams and Jarrell, 1995; Sharpley, 1995; Pote et al., 1996). Although P binds readily to most 
soil types making it generally unavailable for transport to surface waters without the 
movement of sediment (Nelson and Logan, 1983; Harris et al., 1994), long-term manure 
application at the agronomic rate for N can decrease the soil’s capacity to bind additional P. 
When P is added in excess of plant uptake, the adsorption capacity of the soil for P will 
eventually be exceeded and the potential for the movement of soluble P in runoff increases. 
Several researchers have shown the potential for P build-up in soils receiving animal waste 
(Reddy et al., 1979; Chang et al., 1991; Sharpley et al., 1993a; 1991; Sanderson and Jones, 1997), 
10
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while others have shown a strong connection between increased STP levels and increased P in 
runoff (Reddy et al., 1979; Daniel et al., 1993; Sharpley et al., 1993b).

Soil testing prior to application is, thus, very important in determining appropriate nutrient 
application rates.  While phosphorus is recognized as a needed nutrient for crop growth, crop 
responses to additional phosphorus generally plateau at levels considered optimal for crop 
growth.  There is a limit to crop response to additional P.  Once STP levels exceed crop 
requirements, there is no additional agronomic benefit from further phosphorus applications.  
The potential for phosphorus loss in runoff is greatly increased, because this is phosphorus 
not needed by the crop.

Some excess phosphorus will convert into basically unavailable forms of PP via binding with 
soil particles, but this is generally a slow process, which depends on the initial STP, relative 
saturation of the adsorption capacity of the soil, and the amount of phosphorus applied 
(Nelson and Logan, 1983).  The build-up of phosphorus in soils can be a fairly rapid process 
occurring over a few years, when an overabundance of nutrients are applied to the soil either 
as organic or inorganic fertilizer.  Under no-till conditions, P accumulates in the top few inches 
of the soil profile near the surface with much lower levels occurring below the surface (Griffith 
et al., 1977; Guertal et al., 1991).  The decline of elevated soil test phosphorus levels, once 
phosphorus application has ceased, is generally a much slower process that can take years or 
even decades (Novais and Kamprath, 1978; Cope, 1981; Meek et al., 1982; McCollum, 1991).  
For example, McCollum (1991) estimated that it would take 16 to 18 years of cropping with 
corn or soybeans to decrease soil phosphorus to an agronomic threshold level of 20 ppm 
(Mehlich-3 method) from 100 ppm in a Portsmouth soil.

Soil test phosphorus as a site characteristic for the P Risk Index considers the extractable 
phosphorus concentration for a 0-15 cm (0-6 in) soil sample as commonly used by most soil 
testing labs for nutrient testing and fertilizer recommendations.  The TAMU extractable-P test 
run by the Texas A&M Soil, Forage, and Water Testing Laboratory was the basis for the 
category levels in the Goose Branch P Risk Index (Hons, et al., 1990).  STP risk categories are as 
follows: <20 ppm (VERY LOW), 20-60 ppm (LOW), 60-100 ppm (MEDIUM), 100-200 ppm 
(HIGH), >200 ppm (VERY HIGH).  These risk categories were based on plant uptake needs 
with the VERY LOW and LOW categories indicating levels where additional phosphorus may 
be needed for optimal plant growth depending the crop (personal communication, S. Feagley, 
TAEX, Soil Environmental Specialist).  The MEDIUM and HIGH categories were set at STP 
levels considered well above the growth recommendations for most area crops.  The division 
between HIGH and VERY HIGH was based on Texas regulations for concentrated animal 
feeding operations. Texas Natural Resource Conservation Commission (TNRCC) regulations 
as of 1996 indicate that manure may be applied only at a phosphorus plant uptake rate rather 
than a nitrogen plant uptake rate if the soil test for 0-15 cm (0-6 in) field sample exceeds 200 
ppm extractable phosphorus (30 T.A.C. §§ 321.34-321.46). Current State of Texas guidelines, 
while quite similar to previous guidelines, now consider a 0-5 cm (0-2 in) soil sample as well 
as a 0-15 cm (0-6 in) soil sample for land application areas where the waste is not incorporated 
into the soil in evaluating the need for management based on P rather than N. When a field 
exceeds 200 ppm extractable P in either of these two layers, the operator is directed to not 
apply any waste or wastewater to the affected field unless applied in accordance with a 
“detailed nutrient utilization plan” (30 T.A.C. §§ 321.39(f)(28)(G)). Specific guidelines for 
developing “detailed nutrient utilization plan” are currently being developed by the TNRCC 
in conjunction with the NRCS.

It should be noted that the risk categories for STP levels were set using expert opinion and 
experience and not by actual field experimentation.  On-going research is being conducted by 
a number of researchers nation wide to better define the environmental risk to water quality 
associated with high STP levels.  The environmental impact of STP levels is expected to vary 
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with different soil types and the soil test used to define extractable phosphorus (Pierzynski 
and Logan, 1993; Sims, 1993). Until better information is available, the Goose Branch P Risk 
Index team agreed that 200 ppm extractable P should be considered a VERY HIGH risk 
category for area soils.

Once STP levels are elevated, management practices should be implemented to decrease the 
phosphorus in a given field.  Soil testing can be used to credit for soil phosphorus prior to 
determining manure or fertilizer application rates. Plants can be used to "mine" phosphorus 
from the soil. If no additional phosphorus is applied, plants will use the P in the soil for 
growth. This P is then removed from the site when the crop is harvested.  In some fields, the 
mechanical harvest of vegetation may not be feasible.  Grazing may be considered as a harvest 
mechanism, although careful planning of stocking rates and the timing of grazing should be 
considered to avoid adding more phosphorus to the system via the natural deposition of 
manure by grazing animals than is removed by the grazing harvest of the vegetation.  A 
producer should consult with area forage experts to determine the best cropping system for 
vegetative phosphorus removal for his or her operation.

Tillage practices may also help in modifying the distribution of STP within the soil profile.  
Particularly in no-till or reduced tillage operations, the surface application of manure or 
commercial fertilizer can lead to build up of phosphorus in the near-surface layers of the soil 
profile (Eckert, 1985; Morrison and Chichester, 1994).  Several studies have shown a direct 
positive relationship between the phosphorus level in the near-surface soil layer and the 
concentration of soluble phosphorus in runoff (Daniel, et al., 1993; Sharpley et al., 1993a; 
Sharpley, 1995).  Turning over this phosphorus enriched surface layer would help redistribute 
phosphorus throughout the rooting zone of the plant and should bring soil less enriched in 
phosphorus to the surface layer.  Strip plowing in permanent pasture was recommended by 
the phosphorus risk development team to allow redistribution over portions of a field.  For 
bermudagrass pastures, it was recommended that strips should be no wider than about 2-3 m 
(8-10 ft) across to allow revegetation by bermudagrass runners.  Where soils allow, deep tillage 
to 30 cm (12 in) was another practice recommended for the redistribution of high phosphorus 
soils in the upper layers of the soil profile.  Deep tillage may be limited to only a few areas in 
the Erath County as most soils in this area are relatively shallow.  Deep tillage may also turn 
up stones in some fields making haying and other operations more difficult. Before 
implementing tillage practices for the purpose of redistributing soil P, stratified soil testing 
should be done within the depths of interest to make sure that inverting the soil to a particular 
depth will actually help lower the soil phosphorus level in the upper soil layers.  Strip 
plowing of permanent pasture and deep tillage are practices that cannot be used repeatedly to 
reduce enriched P on a field, as repeated tillage may bring higher P concentrations back to the 
soil surface.

Another way to decrease the likelihood of soluble phosphorus moving from a site with 
elevated STP is to bind the "excess" phosphorus using chemical amendments.  Chemical 
amendments, such as alum, gypsum, and ferrous sulfate show promise as potential 
management practices, although cost is a major limit to their implementation (Shreve, et al., 
1994; Anderson et al., 1995).

5. Manure Application Rate
While manure is often considered a waste product from confined animal feeding operations, it 
should be managed as a nutrient source for plant growth with a clear understanding of the 
environmental hazards which can occur from overapplication or mismanagement.  Several 
studies have shown an increase in phosphorus loss in runoff with increasing application rates 
(Romkens and Nelson, 1974; Mueller et al., 1984; Edwards and Daniel, 1993; Edwards and 
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Daniel, 1994).  When manure is applied at the plant agronomic rate for N, phosphorus is 
generally overapplied in comparison to plant uptake needs.  Most dairy manure has an 
average N/P ratio of 3 or less when applied, while most major grain and hay crops require an 
N/P ratio of 10 or larger (Gilliam, 1995).  Manure testing should be done in tandem with soil 
testing to help determine appropriate application rates for the crop being grown.

Manure application as a site characteristic considers the total amount of P2O5 in manure, 
effluent, and/or commercial fertilizer applied to a field in a given year.  Although P in the 
form of commercial fertilizer should not be necessary on a field receiving dairy waste, if any P 
as commercial fertilizer is being applied by the producer, this amount should also be included 
in considering the rate of P2O5 applied to a given field. The application rate is compared to 
generalized plant uptake needs for commonly grown crops in the area.  About 157 kg/ha (140 
lb/ac) P2O5 on an annual basis is considered a maximum application rate for meeting crop 
needs given ideal growing conditions, while a range of 45-67 kg/ha (40-60 lb/ac) P2O5 is 
commonly recommended given normal growing conditions.  Phosphorus application rate is 
considered in units of P2O5 on an annual basis and placed in the following rating categories: 
<22 kg/ha or 20 lb/ac (VERY LOW), 22-67 kg/ha or 20-60 lb/ac (LOW), 67-112 kg/ha or 60-
100 lb/ac (MEDIUM), 112-157 kg/ha or 100-140 lb/ac (HIGH) and >157 kg/ha or > 140 lb/ac 
(VERY HIGH).

Proposed practices for decreasing the risk of phosphorus movement associated with 
application rate include:

• Establishing realistic yield goals for crop production, so nutrients are not overapplied

• Testing soil nutrient concentrations and crediting these nutrients in determining manure 
application rates

• Testing manure nutrients prior to application so manure nutrients are not overapplied

• Basing manure application on agronomic requirements for P rather than N

• Spreading manure over more land at lower application rates

• Calibrating manure application equipment, so nutrients are applied at appropriate rates.

Other practices exist that reduce the P content or bioavailability of P in the manure prior to 
land application.  Practices to decrease the amount of available P in manure include the use of 
chemical amendments, such as those discussed for reducing STP levels, but applied directly to 
the waste rather than to the soil (Moore and Miller, 1994; Hamoda and Al-Awadi, 1996).  
Modifying the feed ration to improve utilization and decrease phosphorus in the manure is 
another avenue of phosphorus control that is particularly promising for poultry and swine 
through the use of phytase in feeds to help breakdown phytate phosphorus (Lynch and 
Caffrey, 1997).  As monogastric animals, poultry and swine do not contain the enzyme to 
breakdown phytate phosphorus as found in corn.  For dairy cows this is not a problem.  The 
bacteria in the rumen of dairy cows allows the breakdown of most forms of phosphorus found 
in feeds.  A reduction of P fed in the ration is encouraged to reduce P in manure of dairy cows.  
The P requirement for milking cows is 0.35 to 0.40 percent as a ratio of dry matter, although 
many rations typically average 0.5 percent P or more (Knowlton and Kohn, 1999a; 1999b).  
When excess P is fed, the P in the manure increases.

6. Manure Application Method
Application method considers the risk associated with the movement of phosphorus as a 
function of how manure (or inorganic phosphorus fertilizer) is applied.  Manure may be 
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surface applied on permanent pasture, incorporated into row crop fields, or subsurface 
applied as slurry.  Baker and Laflen, (1982) found DP concentrations averaged 100 times more 
with surface application than with incorporation 5 cm (2 in) below the surface.  Incorporation 
was also found to reduce total P loss in runoff five-fold compared to broadcast application 
(Mueller et al., 1984).  Several studies have confirmed an increase in soluble N and P 
concentrations in runoff from fields where manure or fertilizer is surface applied compared to 
incorporation via conventional tillage practices (Timmons et al., 1973; Baker and Laflen, 1982; 
Mueller et al., 1984; Andraski et al., 1985; Heathman et al., 1995). Incorporation increases the 
probability of sorption of DP with the soil by placing the manure more directly in contact with 
soil particles (Sharpley, et al., 1981).

In the Goose Branch microwatershed, most organic and inorganic fertilizer is surface applied 
on Coastal bermudagrass (Cynodon dactylon (L.) Pers. Coastal) fields.  Surface application of 
phosphorus without incorporation is considered to be a HIGH risk category as opposed to 
incorporation of P, which is in the LOW risk category.  The type of irrigation method used for 
lagoon effluent is also rated based on the potential risk of phosphorus runoff.  A center pivot 
system is considered a LOW risk category, while a stationery big gun has a HIGH risk 
category.  A center pivot typically distributes effluent more evenly across the field than a big 
gun system, which requires more operator attention to avoid overapplication and application 
induced runoff.  Other types of application systems can be similarly rated.

The use of tillage to control phosphorus losses from manure mainly is effective in decreasing 
manure accumulations on the soil surface and increasing the distribution of phosphorus in the 
root zone.  The use of conventional versus reduce tillage methods (or surface application) will 
depend on the crop and erosivity of the soil (see Erosion Potential).  For permanent pastures, 
where tillage is not recommended, strip tillage might be used to turn over portions of the 
pasture at a time to incorporate surface layers high in manure and P with lower layers with 
less P.  The time frame for manure application via incorporation is limited to when tillage 
operations are occurring.  Banding of manure is another option that limits application to the 
rooted area of the crop to optimize the likelihood of root uptake.  Banding is effective, but only 
on crops with a limited root area such as corn and requires specialized equipment (Bottcher et 
al., 1995).

7. Timing of Manure Application
Timing of application takes into account seasonal variability in precipitation.  Even the best, 
managed systems can lose large amounts of soil and nutrients under extreme weather 
conditions.  Several studies have indicated most phosphorus losses were due to a few large 
rainfall events (Schuman et al., 1973; Burwell et al., 1975; Sharpley et al., 1993a; Cahill et al., 
1978).  Phosphorus application as manure or commercial fertilizer should, thus, be timed to 
avoid periods when intense storms are likely to increase the probability of P movement 
through field runoff.  Unfortunately, timing of manure application of avoid intense storms 
may be in conflict with timing of manure applications for crop needs.  For example, in the 
Goose Branch area, tillage and planting often occur in the spring when intensive rainfalls are 
most common, so it may not be practical to completely avoid high intensity rainfall periods.

Timing of manure application in the Phosphorus Risk Index considers the rainfall intensity 
associated with each month in which manure (or inorganic phosphorus) is applied using 30-
minute rainfall intensity data from 30 years of records at Stephenville, Texas.  The timing of 
application as a site characteristic assumes that the risk for phosphorus movement is more 
likely if phosphorus is applied during periods in which high intensity rainfall is expected.  
Based on average rainfall intensity patterns for Stephenville, the highest rainfall intensity 
occurs in May and June, so application during these months is placed in a VERY HIGH risk 
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category.  At many sites in the Goose Branch microwatershed, manure was applied year-
round on an "as needed" basis by the operator.  Year-round application was placed in a HIGH 
risk category, since manure may be applied during VERY LOW and VERY HIGH risk periods.

Manure application should also be timed to maximize crop uptake of nutrients and minimize 
periods when manure is on the ground without an actively growing crop. Weather conditions 
should be carefully evaluated prior to application to avoid application prior to forecast of 
heavy rainfall. A producer may want to consider drawing down his or her lagoon or 
wastewater storage prior to a large rainfall event, if there is the potential for overflow (see 
McFarland et al., 2000c).  Adequate storage for liquid and solid waste should be available to 
allow flexibility in timing of waste applications.

8. Vegetation Management
Vegetation management as a site characteristic considers the land use and harvest method of a 
field. Land use and harvest method are used as indicators for the amount of crop residue and 
cover left on a field during the nongrowing season to protect the soil surface from phosphorus 
movement.  In general, if a large amount of vegetation is left on a field, the field is placed in a 
LOW risk category, but if a field produces only an annual crop and does not have a cover crop 
in the winter, the field is placed in a HIGH risk category.  Grazing intensity can also be used as 
an indicator of percent cover.

Management practices to control phosphorus through vegetation management include:

• Planting cover crops to optimize phosphorus uptake year-round 

• Using legumes, if growing conditions allow, to help decrease the need for nitrogen 
fertilizer when manure is applied at phosphorus agronomic rates

• Harvesting at appropriate times to maximize phosphorus removal in vegetation 

• Maintaining a ground cover during periods when runoff producing rainfalls are most 
likely.

9. Grazing Management
Grazing Management as a site characteristic considers the manure added to a field from 
grazing animals as a function of supplemental feeding and grazing pressure separate from the 
impact of grazing on residual vegetation and cover.  Increased supplemental feed, increases 
the amount of P added to the field, because less feed is obtained from forage within the field. 
Also, as grazing pressure increases in a field, increased management is generally needed to 
control the impact of animals. For example, feed and watering areas can become quickly 
denuded as high intensity use areas. While it may be impossible to remove all high intensity 
use areas from a field, their location and management may be important in reference to other 
site characteristics, such as distance to water body. While most dairies in the Goose Branch 
microwatershed are confinement operations, one operator grazes his milking herd and several 
of the operators graze their dry cows and heifers.  A field that is not grazed or only occasional 
grazed, such as clean-up grazing on a winter wheat field after harvest, is placed in a VERY 
LOW risk category.  An example of the other extreme, a VERY HIGH risk category, would be a 
pasture in which 80 to 100 percent of dry matter intake is provided as supplemental feed.  
Proper grazing use (PGU) with 30 to 80 percent of feed supplemented is considered a 
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MEDIUM risk category, while PGU with less than 30 percent of feed supplemented is 
considered a LOW risk category.

Management practices to reduce phosphorus contributions from grazing animals include:

• Fence animals off from ditches and streams to decrease direct inputs of manure and 
decrease stream bank and ditch erosion due to hoof action

• Frequently move water and feeding areas to avoid the formation of high intensity 
denuded areas

• Place water and feeding areas far from drainage pathways to reduce the transmission of 
phosphorus in runoff from these areas to watercourses by making the path of travel less 
direct (maximize flow distances for phosphorus control).

Phosphorus Risk Index- Goose Branch Example
The P Risk Index was applied to each field in the Goose Branch microwatershed that would 
receive manure. To make a field assessment using the phosphorus Risk Index, each site 
characteristic was placed in a risk category, and the base-2 value associated with each risk 
category was multiplied by the suggested weighting factor for each characteristic.  These 
values were then summed across site characteristics for an overall phosphorus Risk Value to 
determine the vulnerability of a site for phosphorus movement into nearby waterbodies.  
Total rating scores for Goose Branch varied from 15 to 248 and were placed in overall risk 
categories as follows: 15-22 (VERY LOW), 23-46 (LOW), 47-93 (MEDIUM), 94-186 (HIGH) and 
187-248 (VERY HIGH).  These overall risk ratings were used to identify fields where 
phosphorus management was most needed.  Management plans were then developed in 
cooperation with dairy owners to minimize the risk for phosphorus movement from their 
fields and to consider phosphorus in developing sustainable manure waste management 
plans as part of the long-term goals for each dairy.  Many of the recommended changes in 
management involved more intensive soil and manure testing for nutrient management and 
the opening of new land for waste application.  A common finding was that fields nearest the 
confined dairy area and lagoons were more likely to be at higher phosphorus risk than other 
fields due to the build-up of phosphorus in the soil from repeated manure or effluent 
applications.  Filter strips and/or buffer zones were also widely recommended as the Goose 
Branch microwatershed's dendritic stream pattern boarders many fields.

An example of the P Risk Index and its application is presented in Table 3.  The example field 
is in Coastal bermudagrass that is harvested for hay.  No grazing occurs on this field.  The STP 
level of the field is LOW at 34 ppm because the field had only been used once before for 
manure application.  The runoff potential is MEDIUM, while the erosion rate is VERY LOW 
due to over 90 percent cover.  The current application rate is VERY HIGH with manure being 
spread at the nitrogen agronomic rate for a maximum yield of four to five cuttings of Coastal.  
Manure application timing is considered HIGH due to spring application and manure is 
surface applied.

The overall P Risk Index of the field is HIGH with the application rate and distance to water 
body being the site characteristics leading to this HIGH rating.  To decrease the risk of 
phosphorus movement to the water body, the producer could consider a lower application 
rate of manure and should definitely have vegetated buffer strips between the manure 
application area and the stream boarder.  The yield expectation (four to five cuttings) of the 
producer is probably overly optimistic unless irrigation water is available for the field.  
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Generally, only three cuttings of Coastal can be expected from dryland systems in this region, 
which would drop the N requirement by about 35 percent.  If the producer were to reduce the 
application rate to the phosphorus rate, split applications of commercial N could then be used 
between cuttings to better meet the N needs of the forage.

Conclusions
If a producer is to accept a set of practices for phosphorus management on manure waste 
application fields, the producer needs to be a key decision-maker in defining the management 
strategy for a given field that best fits into his or her overall management system.  In 
developing a phosphorus BMP strategy (prescription) for a field, recommendations should

1.  Be site specific

2.  Provide alternatives to the producer for phosphorus control

3.  Consider not only phosphorus loss levels but the impact of alternatives on the whole 
system, for example, the recommendations should not lead to an unacceptable increase in 
sediment or nitrogen losses while controlling P

4.  Consider the producers current management practices

Table 3 Phosphorus Risk Index Example.

Field Size = 30 acres
Percent Cover = 90%

Land Use = Coastal Bermudgrass

Dominant Soil = WoB
Hydrologic Soil Type = C

Site Characteristic, Risk Category & Measurement Unit Risk Value Suggested Weighting 
Factor Weighted Risk Value

1. Proximity to water body = VERY HIGH
Distance = 0 m (0 ft) as a creek boarders field on 
one side 16 x 2.0 = 32.0
2. Erosion potential = VERY LOW
Erosion rate =1 t/ha (0.5 ton/ac)r 1 x 1.0 = 1.0
3. Runoff Potential = MEDIUM
Runoff curve number = 74 and percent slope = 3% 4 x 2.5 = 10.0
4. Soil test P level = LOW
Average STP = 34 ppm 1 x 2.5 = 2.5
5. Manure application rate = VERY HIGH
About 20 t/ha (9 ton/ac) manure applied on a dry 
matter basis or about 258 kg/ha (230 lb/ac) P205 16 x 2.0 = 32.0
6. Manure application method = HIGH
Surface application of solid manure 8 x 1.0 = 8.0
7. Timing of manure application = HIGH
Year-round application 8 x 1.0 = 8.0
8. Vegetation management = VERY LOW
Coastal field which is harvested for hay and not 
grazed 1 x 1.5 = 1.5
9. Grazing management = VERY LOW
No grazing 1 x 2.0 = 2.0

Total Risk 
Rating = HIGH 97.0
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5.  Consider the relative risk of off-site runoff on receiving waters, i.e., does the runoff directly 
run into a sensitive water body or does the runoff from a given field go across rangeland or 
woodland before reaching a water body and, thus, decrease the risk of impact.

In considering alternatives for phosphorus control practices, a summary listing of potential 
practices classified by site characteristic is provided below. This is not a definitive listing and 
should be used only as a starting point for considering the best practices for controlling the 
movement of P from a given site.

• Proximity to water body

Practices that increase travel distance or decrease the rate of P transport:

¤ Vegetated buffer strips

¤ Setback distances for manure application

¤ Stream fencing to exclude livestock

¤ Filter strips

¤ Riparian zones

Practices that divert P transport from a water body:

¤ Retention or detention ponds

¤ Diversion channels

¤ Berms

¤ Wetland areas

¤ Structural traps (silt fences)

• Erosion potential

Practices that limit the movement of P with sediment:

¤ Reduced tillage

¤ Crop residue management

¤ Cover crops

¤ Increased cover on rangeland sites

¤ Terraces

¤ Vegetated waterways

¤ Stream bank protection

¤ Stream crossings

¤ Proper management of high intensity livestock use areas

• Runoff potential

Practices that promote infiltration and reduce the volume of runoff:

¤ Terraces

¤ Chisel plowing
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¤ Buffer strips

¤ Conservation tillage

¤ Vegetative filter strips

¤ Within field vegetative barriers

¤ Water and sediment control structures at edge of field

¤ Contour buffer strips

¤ Improved ground cover

• Soil test phosphorus level

Practices that assist in reducing the amount of P in the soil, particularly in the upper most 
layer:

¤ Test soil for nutrients prior to determining manure application rates

¤ Apply manure at the P agronomic rate

¤ Cease manure (and commercial P) application

¤ Irrigate with fresh water to promote crop production and P removal

¤ Use double cropping to increase forage harvest and P removal

¤ Promote infiltration to aid in moving P into the soil profile rather than running off

¤ Incorporate manure soon after application rather than surface applying

¤ Incorporate soil surface layers to move high P soil deeper in the soil profile via 
strip or deep tillage

¤ Use specialized cropping systems to maximize P uptake

¤ Add chemical amendments to bind soil P

• Manure application rate

Practices that minimize movement of P due to location and amount of manure applied:

¤ Establish realistic yield goals for crop production

¤ Test soil nutrients and credit these nutrients in determining manure application 
rates

¤ Use manure and effluent testing for nutrients to help determine application rates

¤ Base manure application on agronomic requirements for P rather than N

¤ Spread manure or effluent over more land area to decrease application rates

¤ Spread manure to a site less vulnerable to P movement

¤ Compost manure and haul off site

¤ Calibrate application equipment

¤ Reduce application rates

¤ Use chemical amendments to reduce P solubility in manure and effluent
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• Manure application method

Practices that decrease the risk of P movement associated with application method:

¤ Incorporate manure after application

¤ Make sure adequate equipment and labor is available at the right time for 
application

¤ Stack manure within proper containment structures

¤ Apply manure with the proper equipment

¤ Apply manure at the proper rate

• Timing of manure application

Practices that allow best use of manure nutrients by crops and avoid rainfall runoff of 
manure:

¤ Avoid applying during periods when high intensity rainfall is expected

¤ Apply on an actively growing crop

¤ Make sure adequate storage is available for liquid and solid wastes

• Vegetation management

Practices that protect the soil surface from P movement and remove P via crop harvest:

¤ Planting cover crops to optimize phosphorus uptake year-round 

¤ Using legumes, if growing conditions allow, to help decrease the need for 
nitrogen fertilizer when manure is applied at phosphorus agronomic rates

¤ Harvest at appropriate times to maximize phosphorus removal in vegetation

¤ Maintain a ground cover during periods when runoff producing rainfalls are 
most likely

• Grazing management

Practices that reduce P contributions from grazing animals:

¤ Fence animals from ditches and streams to decrease direct inputs of manure and 
decrease stream bank and ditch erosion due to hoof action

¤ Frequently move water and feeding areas to avoid the formation of high intensity, 
denuded areas

¤ Place water and feeding areas far from drainage pathways to reduce the 
transmission of phosphorus in runoff from these areas to watercourses
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